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In terms of teaching and learning science, the concept of light is a very
important concept. Light is a basic concept that is related to everyday life and is
necessary for students’ understanding of natural phenomena. Understanding the
concept of light will help students to understand more advanced concepts. Numerous
studies point to promising ways of understanding students’ thinking about light.
Moreover, students have many misconceptions about light. In this study, the Light
Learning Units (LLU), using a social constructivist approach, were developed to
enhance students' understanding of light.

The study was divided into three phases: Exploration, Development, and
Implementation and Evaluation. In the first phase, thirty seven eighth grade science
teachers in schools under the Bangkok Metropolitan Administration (BMA) were
surveyed about the current state of teaching and learning the concept of light. Three
of them were selected to be interviewed in-depth. Moreover, the students of the three
selected teachers were asked to assess the Light Diagnostic Test (LDT). The
findings from phase I were used to guide the development of the LLU in the second
phase. In the third phase, three teachers from phase I were asked to implement the
LLU. The effects of the implementation of the LLU on teachers’ teaching and
students’ learning were investigated. Multiple data gathering methods were used to
ensure the trustworthiness of the findings. The multiple data gathering methods
included classroom observations with videotape recording, field notes, semi-
structured interviews, and the students’ reflections.

The findings indicated that the three teachers implemented the LLU
differently because the teachers were different in terms of teaching style and their
content knowledge. Two teachers implemented the LLU by focusing on students’
prior knowledge, using a meaningful context to help students’ development of the
concepts in the real world, encouraging students by asking them thoughtful and
open-ended questions, giving the students an opportunity to construct their own
learning through interaction with their peers, and focusing on the students’
cooperative work. These strategies developed teachers’ content knowledge and
teaching strategies. All of the teachers were happy with their teaching and felt that
the LLU had helped their students to enjoy doing the activities in the LLU. In
addition, the students paid more attention during the lessons, and the unit enhanced
the students’ understanding of the concept of light. However, some students still had
misconceptions about some concepts of light.
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CHAPTER |

INTRODUCTION

This chapter begins by describing the background and to the research study and
the significance of the study which includes the topic of students’ understanding of light
concept, teaching light concept and social constructivism. It also presents research
purposes and questions, anticipated outcomes, context of the study, definition of terms,

and summary and preview.

Background of the Study

During the past ten years, Thailand has undergone rapid changes in all aspects,
including its economy. Because of heightened competitiveness in the market world
(Office of Education Council [OEC], 2004), Thailand has faced economic crises that
have led to increased unemployment together with its consequent problems, like

poverty, drug abuse, and crime.

Thailand is trying to find a way to deal with its many problems. The country is
trying to improve its human resources by developing educated and skillful people that
can support the transformation of the economy (Office of National Education
Commission [ONEC], 2002). It realizes that humans are the most important key to
the development of society and the economy. Any country that has citizens who are
well educated and skillful in science will perform better than countries that do not

have those skills (ONEC, 2002).

Thailand seeks to educate its citizens to have higher-level knowledge and
skills including competencies in new technologies. Citizens are increasingly expected
to be life-long, autonomous and self-regulated learners and to have the ability to adapt
readily to changing circumstances. While Thailand understands the necessity of
strengthening the knowledge base for the entire country, the quality of education of

the Thai people has on average lowered and the absolute educational standards are



low in comparison with those of other countries at the same developmental level.

This cannot continue if Thailand is to become a leader in the world.

Science is the one area of knowledge that supports the development of society
and the economy, because it is important for developing many new strategies,
products, technologies. In Thailand science is vital because it helps people have a
better life. Those people who have scientific knowledge help to improve their own

life, as well as that of the society and the nation (ONEC, 2002).

However the performance of Thai students in the Third International
Mathematics and Science Study (TIMSS) was lower than that of other countries, like
Hong Kong, Singapore and New Zealand (Forgione, 2001). The average science score
of Thai students in grade 8 in 1999 ranked 24™ among the 38 countries. Moreover,
Thai students lacked knowledge especially in application and problem solving skills
(ONEC, 2001). Thus, the educational system in Thailand needs improvement to meet
the demands of a knowledge-based economy (ONEC, 2001, 2003; OEC, 2004).

Furthermore, before the Thai science education reformation ten years ago,
teaching and learning in classrooms was not very student centered. The teachers were
the authorities in the classroom and most believed that teachers were the only ones
with knowledge. Students just received information from teachers. This created
learners unable to think analytically, share opinions, or seek knowledge themselves.
The teaching and learning process caused students to feel discouraged, stressful and
unhappy while they learned (ONEC, 2002). Thus, Thailand urgently needs to improve

its education system.

Education reform has resulted in policies and plans to bring about necessary
changes within the Thai system. Initial research was carried out into the successful
experiences and educational provisions included within the constitutions of other
countries, and these were subsequently considered for application in the Thai system.
ONEC also prepared legal provisions on education for consideration of the

Constitution Drafting Council with the result that the 1997 Thai Constitution contains



extensive provision on education, including equal rights for 12-years of basic
education that is free of charge, promotion of local wisdom, national arts and culture,

and development of the teaching profession (ONEC, 1999).

The result of these policy changes is the National Education Act B.E. 2542,
effective in August 1999. The principal objectives of the Act are to ensure that
education promotes the full development of the people in all aspects including
physical and mental health, intellect, knowledge, morality, integrity, and the pursuit of
a desirable lifestyle in accordance with society and in harmony with other people
(ONEC, 1999). According to the Act, the provision of education shall be based upon
the principles of a lifelong education for all, the participation of all segments of
society in educational provision, and continuous development of the bodies of

knowledge and learning processes (ONEC, 1999). Major aspects of this reform are:

Learning reform - ONEC has conducted extensive research into development
of learner-oriented education which allows students to develop at their own pace and

within their individual potential.

Administrative reform - adjustment of the administrative structure includes
upgrading the teaching profession by reorganizing systems for teachers, faculty staff
and educational personnel; and increasing efficiency in the utilization of resources

and investment for educational purposes. (ONEC, 1999)

For the science curriculum, Thailand has a core science curriculum that called
the National Science Content Standards (IPST, 2002). This science curriculum guides
for all schools of Thailand. It emphasizes that all students are expected to be
scientifically literate persons who have the knowledge, skills and attitude of scientists

and knowledge about managing natural resources in a sustainable way.

Both the National Education Act (ONEC, 1999) and the National Science
Content Standard (IPST, 2002) emphasize that “an important goal for science

education is to encourage students to develop their own scientific conceptions for



understanding and explaining natural phenomena.” Teaching science should be a
meaning to students to apply to their everyday life (ONEC, 1999; IPST, 2002; ONEC,
2002). The specific goals of science education for Thailand are to have all science
educators, teachers, parents, schools and communities provide science education for

Thai students so they can reach the desired knowledge, skills and attitude.

Significance of the Study

Students’ Understanding of Light Concept

The physical science concept of light will be the focus of this study because
light is a basic concept that is related to everyday life and is necessary for students’
understanding of natural phenomena such as mirages and rainbows (Shapiro, 1994).
For example, everyone is familiar with a plane mirror and its uses in daily life. Light
is also used for transmitting information and reading compact disks in CD players and
filters are used for protecting the eyes. The concept of light has long been a focus for
learning in school science programs and in national and international documentation
on science education (American Association for the Advancement of Science
[AAAS], 1993; NRC, 1995 and IPST, 2002). In addition, light is an important
content area in science education to help students understand and explain more
advanced scientific concepts like optical fibers and lasers. Because of its many
practical applications and importance within the physical sciences, improvement of
students’ scientific understanding of light is a significant challenge to science

educators.

The students’ understanding of phenomena associated with light has attracted
interest from a number of researchers in difference countries. Work has been done in
England, New Zealand, Sweden, Switzerland, India and USA (Osborne et al., 1990).
Numerous studies point to promising ways of understanding student thinking about
light. Some of the earliest research findings reported in this area are by Piaget (1974)
who noted that young children make no connection between eye and object whilst at a

later stage they commonly think of vision as a passage from the eye to the object. This



research is consistent with the works of Ramadas and Driver (1989) who indicated
that Swedish pupils aged 12-15 have misconceptions about how light travels an object
to the eyes. Most students believed in a visual ray model in which they see objects
because there are rays from their eyes that hit the objects. Moreover, this result also

was found in the studies of Anderson and Karrqvist (1983) and Watts (1985).

Other students’ misconceptions about light were found in a study by Guesne
focused on students’ understanding about light. He used interview techniques to get
13-14-year-olds to talk about reflection using mirrors. The study showed that students
have many misconceptions about reflection (Guesne, 1978). As same as the work of
Jung (1981) that provided 12-years-old boys and girls with a mirror and reported that
in 90% of the cases students spoke of seeing their images on the surface of the mirror
rather than from behind the mirror. Many students suggested that because light is
reflected from the surface of the mirror, that it is the place where the image is formed.
In addition, the work of Watts (1985) and a study by Goldberg and McDermott (1986,
1987) showed that students who were enrolled in the third quarter of an algebra-based
or calculus-based introductory physics course at the University of Washington held

the same misconceptions.

Moreover, Shapiro (1994) found that a large percentage of students believes
that when light coming from a flashlight strikes a rock it stops on the surface rather
than reflecting from the rock. Many students stated that light reflects from mirrors and
shiny or metallic objects, but not from other types of objects, such as rocks or
clothing. Several studies have shown that the students have difficulty understanding
image formation on the plane mirror (Jung, 1981; Aderson and Smith, 1983; Guesne,
1985; Watts, 1985; Goldberg and McDermott, 1986; Ramandas and Driver, 1989;
Feher and Meyer, 1992; Fetherstonhaugh and Treagust, 1992).

Most students believe that the image exists on the mirror surface or is just
behind it. Because of these and other difficulties students have with light (Shapiro,
1994), this study proposes to investigate the ways to improve the teaching and

learning of concepts involved with the topic of light.



Teaching Light Concept

Science achievement of the students in lower secondary school in Thailand is
very low (OEC, 2004). Forty-three percent of teachers encountered problems with the
study of teaching and learning science in schools in a study at lower secondary levels
of the Bangkok Metropolis Administration. Problems cited were many. First was
teacher lack of content in science as most didn’t graduate with major in science.
Second, the teachers primarily used chalk and talk strategies, not strategies that
actively involved students. Third, the assessment in students’ learning outcomes
mostly came from the teacher made tests. Fourth, teachers reported that there was an
insufficiency of material such as experimental tools and media in classrooms. Finally,
most of the teachers stated that they must teach other subjects in addition to science

(Meinoratha, 1997).

Similarly, the researcher observed 3 eighth grade teachers teaching science in
the second semester, academic year 2005 and found that they mostly used lectures and
gave exercises to their students while they were teaching the topic of light in their
school in Thailand. There was no discussion about content during teaching and most
of the students could not do the exercises that the teachers gave them. In an
experiment about refraction of light, many groups of students failed the experiment
because they could not measure the angle of reflection and refraction and there was
not enough material for all the students. One of teachers in schools said that light is
difficult for students to understand and the school lacks materials for teaching about

light. Undoubtedly, this teacher still has a problem about teaching and learning.

In Thailand, there has been much research on the teaching of light. For
example, Worrapan (2003) studied teaching for changing student misconceptions
about the refraction of light among eleventh grade students. The study used the
teaching strategy created by Hesse which has three steps. The first one was
determining the prior concepts of the students. The second was provoking conflict
between students’ prior concepts and new concepts to be learned. The last one is the

teacher helps students gain more confidence in their new concepts. Comparing with a



pretest and posttest, Worrapan (2003) found that students better understood the
scientific concepts after using the teaching strategy of Hesse. Similarly, Tinsandee
(2004) studied how to change misconceptions about the velocity and the reflection of
light with eleventh grade students also using the teaching strategies of Hesse.
Comparing pretest to posttest scores showed that the students better understood the

scientific concepts after using these teaching strategies.

Pulputsa’s study (2004) compared teaching strategies proposed by Wittrock
and IPST concerning the velocity of light, the reflection of light, the refraction of
light, and seeing. There are four stages in Wittrock’s teaching strategy which is
similar to the strategy of Hesse. First, find the prior concepts of the students. Second,
encourage the students to learn and share the prior concepts in the classroom while the
teacher explains the scientific concepts to the students. Third, has the students do an
experiment that is designed to provoke a conflict between students’ prior concepts and
their new concepts. Finally, generate new knowledge to use in other situations. IPST’s
teaching strategy is a strategy that is used in the IPST teaching manual and it is based
on the processes of inquiry, problem solving and hands-on /minds-on activities. The
study compared test scores after using the two strategies and found that Witrock’s
teaching strategy helped the students understand more than the IPST’s strategy. In
addition, Wittrock’s teaching strategy created fewer misunderstandings than the IPST

strategy.

Social Constructivism

Social constructivism is a philosophy of learning which describes how people
learn and construct their knowledge through participation with more capable peers
and as a teacher. Social constructivism is a particular view of knowledge, a view of
how we come to know. In this view, learning is constructed through interactions with
others and focuses on learning as sense-making rather than on the acquisition of rote
knowledge that exists somewhere outside the learner (Pea, 1993; Atwater, 1996;

Shepardson, 1996; Oldfather et al., 1999; Valanides, 2002).



Social constructivism builds on the works of Vygotsky that Learning is a
social activity in which learners are constructing meaning though discussion and
negotiation with peers and teachers. Vygotsky’s ideas for addressing this included the
development of social conditions to help student learns in inclusive classrooms in
ways consistent with the student-centered approaches recommended in the National

Education Act (B.E. 2542) of Thailand.

Many researchers suggested that the teaching and learning of science should
consider students’ prior knowledge and that students should construct their own new
knowledge after considering what they already know. There are several instructions
based on the social constructivist approach. For example, Wood, Cobb, and Yackel
(1995) suggest that teaching strategies using social constructivism as a referent
include teaching in contexts that might be personally meaningful to students,
negotiating taken-as-shared meanings with students, class discussion, small-group
collaboration, and valuing meaningful activity over correct answers. Hand, Treagust,
and Vance (1997) examined on student perceptions of social constructivism in grade
7-10. Results by questionnaires and interviews showed that most students liked
teaching and learning approaches that consisted with social constructivism more than
those to which they had been previously exposed and students were appreciative of
the opportunity to use their own ideas and knowledge. Also, in Thailand, Worrapan’s
study (2003) and Pulputsa’s study (2004) used the strategies of Wittrock and Hesse to
help students understand more about the topic of Light. Both strategies used an active
teaching and learning. The results of these studies showed that the students still held
some misconceptions in some concepts of light. Consequently, the development of a
teaching approach that was based on social constructivist of learning was claimed to
be a way to promote better learning when students would have an opportunity to be

actively involved in the learning process.



Research Purposes
This study aimed to investigate the effectiveness of implementing the Light
learning unit which based on social constructivism to enhance an instruction and

learning the concept of Light. The specific purposes of the study are:

1. To investigate how Thai teachers typically teach concepts about Light in
grade 8.

2. To investigate how Thai students understand the concepts of Light.

3. To investigate science teachers' teaching of and students’ learning the

concepts of light by using the Light Learning Unit (LLU).

4. To promote eighth grade science students’ understanding of concepts

about Light by using the Light Learning Unit (LLU).

Research Questions

The research answered the following questions in the study:

1. How do Thai teachers typically teach concepts about Light in grade 8?

2. How do Thai students understand the concept of Light?

3. How and to what degree are Thai science teachers able to implement the

Light Learning Unit (LLU)?

4. How does the implementation the Light Learning Unit (LLU) enhance

students’ scientific understanding of concept about light?
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Anticipated Outcomes

1. Thai science teachers would have a teaching unit that is based on the goals
of the National Education Act B.E. 2544 (ONEC, 2002) and the National Science
Curriculum (IPST, 2002). Then, they could adapt the teaching unit to teach about

Light in their classrooms.

2. Thai science teachers and science educators would receive information of a
new teaching unit for learning. This would enable them to adapt the process to create

their own teaching unit.

Context of the Study

This study has three phases which include a) exploratory of the current state of
teaching and learning and the students’ understanding about light, b) design and
development of Light Leaning Unit (LLU), and c¢) implementation and evaluation of
the unit. In the first phase, the current state of teaching and learning was examined
from 37 eighth grade teachers in schools under the Bangkok Metropolis
Administration. The thirty seven teachers completed the questionnaire about 1)
background information; 2) the current state of teaching and learning which included
the use of curriculum and textbooks, teaching preparation, teaching methods, and
measurement and evaluation, and 3) problems encountered upon instructing about
light and needs of the teachers related to the teaching and learning. Then, three of
thirty seven teachers were purposefully selected to be in-depth interviewed about the
current state of teaching and learning about light. The first phase also explores the
students’ understanding about light. The 114 students of three selected teachers were
asked to complete the Light Diagnostic Test (LDT). In the LDT, there were 6 main
concepts about light. The concepts of light include Nature of Light, Image Formation,
Refraction of Light, Optical Instrument, Color, and Seeing. In the second phase, the
two surveys in the exploratory phase revealed the state of teaching and learning the
concepts of light, along with the student understanding of the concept about light and
the review of the literature were used in designing the Light Learning Unit (LLU).
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The third phase was the implementation and evaluation of the unit. In this
phase, the implementation and evaluation of the unit was examined from 3 eighth
grade teachers in schools under the Bangkok Metropolis Administration. In all cases,
pseudonyms were used to represent the schools’ and teachers’ names. Sompong was
the teacher in Sara school, Pranee was the teacher in Pattana School, and Chaichana
was the teacher in Charoen School. Sara School and Pattana Schools were in the same
district. The distance between two schools was around 3 kilometers. Charoen School
is far from Sara School about 15 kilometers and Charoen School is far from Pattana
School about 17 kilometers. Three teachers will assess the effectiveness of the unit by
classroom observation, written reflection. Table 1.1 shown each teacher’s background

and experience.

Table 1.1 Teachers’ background and experience

Name Mr.Sompong Ms.Panee Mr.Chaichana
Sex Male Female Male
Age 35 40 45
Highest degree B.Ed (Biology) B.Ed (General M.Sc (Botany)
science)
Teaching Grade Grade 8 Grade 8 Grade 8 and 11
level
Years experience in 4 2 6
teaching the concept
of light

This phase also explores the students’ understanding about light after
implementing the unit. The students of three selected teachers in each school were
asked to complete the Light Concept Test (LCT). Then, there were three focused
students from each classroom. The three focused students were selected to focus in
the study by using their worksheets to compare their understandings before and after
the implementation. In the LCT, there were 6 main concepts about light. The concepts
of light include Nature of Light, Image Formation, Refraction of Light, Optical

Instrument, Color, and Seeing.
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Definition of Terms

The Light Learning Unit (LLU) is comprised of the lesson plans, student
manual and instructional materials and media that are ready to be used by the
teachers. Each lesson plan contains the information about the main concept, learning
outcomes, instructional procedure, instructional materials, worksheets and suggestions
on formative assessment. The content of LLU follows the National Science
Curriculum Standards (IPST, 2002) and is divided into eight lessons on the topic of
light; the nature of light, the reflection of light, the curve mirrors, the refraction of
Light, the image formations from lenses, the optical instruments, color, and seeing
and light intensity. The activities of all lessons used social interaction between teacher
and students and students and students. Group work, group and whole class

discussion, and designing the experiment in group are the main strategies of the unit.

The schools under the Bangkok Metropolitan Administration (BMA) are
the school under the authority of Bangkok. These schools had the kindergarten,
primary and lower secondary levels. The students of BMA school usually come from
only those who lived in Bangkok and the BMA spent the money for all educational
stuffs.

The students’ understanding of light is the students’ ideas on the concept of
light that can be measured by testing and from their worksheet. The students’ answers
were categorized into four groups. These four groups were scientific concept, partial

scientific concept, alternative conception, and no response.

Summary and Preview

This study aims to investigate ways to improve the teaching and learning about
concepts of light by using a social constructivist approach. Teaching about light using
traditional teaching strategies does not promote students’ scientific understandings of
the concept of light. Accordingly, the development of a teaching approach that is

based on a social constructivist philosophy of learning can promote better learning
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because students will have an opportunity to be actively involved in the learning
process by doing the group activities (Davis, 1993). They can interact with each
others. That will help them to build the knowledge by themselves. Therefore, this
study aims to develop a new teaching intervention based on social constructivist

principles that can enhance the students’ understanding.

Chapter 2, the literature review, will discuss the learning theories, the
theoretical framework of the current study which is social constructivism, the tenets
of social constructivism, the state of teaching and learning about the concepts of light
and students’ conception about the concept of light. Moreover, the social
constructivist teaching strategies to enhance the understanding of light, the concept of
light in Thai science curriculum, and some misconception about the topic of light will

also discuss.

Chapter 3, research methodology, will start by reviewing the methodology of
the study, interpretivism, and its philosophical basis, characteristics, a case study
design, and the research framework. It also presents the data analysis in each phase of
the study. Finally, the researcher discusses the ethical concerns and how to confirm

the trustworthiness of the research results of this study.

Chapter 4 discusses first two research questions. The first research question
explores the current state of teaching and learning which included the use of
curriculum and textbooks, teaching preparation, teaching methods, and measurement
and evaluation, and also problems encountered upon instructing about light and needs
of the teachers related to the teaching and learning. The second research question

explores the students’ understanding about light.

Chapter 5 discusses the design and development of Light Leaning Unit (LLU)
which was used to promote scientific understanding of the concept about light. The
process of the unit design and development and the organization of content and

activities of Light Learning Unit (LLU) are discussed too. Moreover, the comparison
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of contents and activities between Light Leaning Unit (LLU) and IPST curriculum

will be presented.

Chapter 6 discusses the implementation and evaluation of the Unit. The
chapter starts with the workshop before the introduction to introduce and train the
teachers to use the Light Learning Unit (LLU) and take their comments on the LLU
for improvement and adopt or adapt for each of them implementing appropriately.
Moreover, there are teacher support meetings which are held during the
implementation to give continuous support and to give them to reflect on their
teaching. The chapter introduces three case studies of the implementation. In each
case, teacher background, school and classroom setting, and the students’ background
are described. The last two research questions are posed and investigated in each case.
The findings on how teachers implemented the unit in their own setting and how this
affected the students understanding of light are discussed. Then, all results illustrates
the cross case analysis which researcher will look across all the cases in term of the

similarities and differences.

Chapter 7 focuses on the conclusions and discussions of research findings and
implications of the study. The research framework is reviewed. Then, the discussions
and conclusions of the study are described in each phase. In first phase, the findings
from the situation of teaching and learning about light and students’ understandings
about light are discussed. In second phase, the design and development of LLU is
discussed. In the last phase, the three teachers’ implementation of the Light Learning
Unit (LLU), and students’ understandings of light after the implementation of the
LLU are also discussed. At the end of the chapter, implications and some

recommendations are provided.



CHAPTER Il

REVIEW OF LITERATURE

Introduction

Chapter 1 highlighted the significance of the current study and the problems
that students face in understanding the concepts of light from the previous research.
Moreover, it indicated that using social constructivist ideas in the classroom can make
the students learn effectively. This chapter begins with constructivism, and the types
of constructivism including social constructivism, social constructivism applied to
teaching and learning, social constructivist teaching strategies, social constructivist
assessment, relevant research on social constructivist teaching, Thailand’s educational
background and educational reform in Thailand, the concept of light in the Thai
Science curriculum, students’ alternative conceptions of the concept of light, teaching
and learning of the concept of light, implications of social constructivism on teaching

the concept of light, and a summary of this chapter.

Constructivism

Constructivism is defined by many different theorists. The best starting point
to thinking about constructivism is a definition provided by Von Glasersfeld (1997).
He claims that constructivist learning experiences are founded in the belief that all
knowledge is constructed, built up by each student through interaction and active
participation in the learning process. Students also use personal experiences to
construct their understanding, which implies that everyone already has knowledge and
understanding and that new knowledge is built upon previous understandings. Fosnot
(1995) states that Constructivism is a theory about knowledge and learning and
describes both what knowing is and how one comes to know. In this view of
constructivism, learning is a constructive process in which the learners are building

knowledge by themselves.
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Scott (1987) defines a constructivist in science as one who perceives students
as active learners who come to science lessons already holding ideas about natural
phenomena, which they use to make sense of everyday experiences. Such a process is

one in which learners actively make sense of the world by constructing meaning.

Shapiro (1994) and Eggen and Kauchak (1997) claims that science knowledge
is not waiting to be discovered but it is we who create meanings. In this view,
knowledge is a mental construction. This means that learners create their own

meaning and that learning is both personal and social situation.

Cobb (1994), Bruning, Schraw, and Ronning (1995), and Brooks (1998)
define constructivism in the terms of psychological and philosophical perspective that
refer to the idea that learners construct knowledge for themselves. Each learner

individually (and socially) constructs meaning as he or she learns.

Wheatley (1991) suggests two principles of learning through the constructivist
theory. The first one states that knowledge is not passively received, but is actively
built up by the cognizing subject. Ideas and thoughts cannot be communicated in the
sense that meaning is packaged into words and sent to another who unpacks the
meaning from the sentences. That is, as much as we would like to, we cannot put
ideas in student's heads, they will and must construct their own meanings. The second
one states that the function of cognition is adaptative and serves the organization of
the experiential world, not the ontological reality. This means that the learner does not

find truth but construct explanations of their experiences.

Tobin and Tippins (1993) claimed that constructivism has been used as a
theoretical framework or referent to teachers in their teaching. They stated that
constructivism is conceptualized as a set of beliefs about knowing that has the
potential to facilitate different ways of thinking about education, of framing problems,
and of formulating answers that extend into areas not considered when objectivism
was used as a referent. They also would add to the definition of the construction of

knowledge in science education. They state that the constructed knowledge of science
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is viewed as a set of socially negotiated understandings of the events and phenomena
that comprise the experienced universe. They further explain that in order to create
new knowledge, it must be accepted by the scientific community as viable because of

its coherence with other understandings and its fit with experience.

Although there were a variety of definitions of constructivism, basically,
constructivism means that as learners experience something new they internalize it
through their past experiences or knowledge constructs they have previously
established. In other word, learners make sense of the world by interpreting new
information in terms of what they already known. Fundamentally, constructivism
asserts that we learn through a continual process of constructing, interpreting, and
modifying our own representations of reality based on our experiences of reality
(Jonassen, 1994). For example, every student has had an experience about seeing a
rainbow. If they know that rainbow occurs during rain, then they can relate their prior
knowledge from rainbow and refraction of light. It means that they can bridge the
knowledge that raindrops act like tiny prisms, refracting and reflecting the light and

separating the color.

Types of Constructivism

There are many ways to classify types of constructivism. In this thesis, the
constructivism will focus only on personal, in particular radical constructivism and

social views of constructivism.

Radical Constructivism or Personal Constructivism

Radical Constructivism as proposed by Von Glasersfeld, states that knowing is
a state of adaptation of an individual to the individual’s environment. New knowledge
is constructed by learners from the interaction of experiences and current knowledge

beliefs (Von Glasersfeld, 1989).
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Radical Constructivism as proposed by Piaget, states that intelligence consists
of two interrelated processes, organization and adaptation. People organize their
thoughts so that they make sense, separating the more important thoughts from the
less important ones as well as connecting one idea to another. At the same time,
people adapt their thinking to include new ideas, as new experiences provide
additional information. This adaptation occurs in two ways, through assimilation and
accommodation. In the former process, new information is simply added to the
cognitive organization already there. In the latter, the intellectual organization has to

change somewhat to adjust to the new idea (Berger, 1978).

Von Glasersfeld (1995) views radical constructivism as two basic principles.

These views of radical constructivism are the follows:

1. Knowledge is not passively received either through the senses or by way of

communication, but it is actively built up by the cognizing subject.

2. The function of cognition is adaptive and serves the subject's organization

of the experiential world, not the discovery of an objective ontological reality.

Even though radical constructivism or the cognitive science theory of Piaget is
a theory that can explain how people learn, it lacks a consideration of the social
dimension of learning. If knowledge construction is seen solely as an individual
process, then this is similar to what has traditionally been identified as discovery
learning. But the process of knowledge construction must go beyond personal

process.

Moreover, Tobin and Tippins believed constructivism should in cooperate the
social component of knowledge. Tobin and Tippins (1993) implied that knowledge
has both individual and social components that cannot be meaningfully separated and
enables us to construct learning environments where multiple ways of knowing are

sought and valued.
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Social Constructivism

Social Constructivism builds on the work of Vygotsky. He was the soviet
development psychologist. His view of learning is a social activity in which learners
are involved in constructing meaning through discussion and negotiations with peers

and teachers (Atwater, 1996; Osborne, 1996; McMahon, 1997; Derry, 1999).

Vygotsky (1987) emphasized socially constructed concepts and relates
scientific and everyday ways of knowing. He also emphasized the role of language
and culture in cognitive development, arguing that language and culture play essential
roles both in human intellectual development and in how they perceive the world.
People’s linguistic abilities enable them to overcome the natural limitations of their
perceptual field by imposing culturally defined sense and meaning on the world.
Language and culture are the frameworks through which humans experience,
communicate, and understand reality. In social constructivism, education is not an
affair of telling or being told, but an active and constructive process (Dewey, 1916).
Hence, social constructivism posits that knowledge is constructed by learners and

learning is social.

Learning science under a social constructivist framework involves students
making meaning of the world through both individual and social processes. Vygotsky
proposed the term of Zone of Proximal Development (ZPD). Zone of proximal
development of learners is defined as the learner’s range of ability with and without
assistance. Thus one end of the range is the student’s ability level without assistance
and the other end of the range is the learner’s ability level with assistance. For
example, the students talk about what makes a rainbow. One student expresses the
idea that the rainbow occurs because of the rain. Another student expresses the idea
that the rainbow occurs because of the sunlight. From this example, the students
interact through dialogue, and they help to extend each other's understanding of what
makes a rainbow. When students learn individually they cannot go further but when

they learn collaboratively they can extend the learning of all.
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The Tenets of Social Constructivism

Social constructivist perspectives hold that knowledge cannot be
transmitted but must be constructed by learners and knowledge construction involves
both individual and a social processes (John-Steiner and Mahn, 1996; Driver et al.,

1994) In this study, the researcher view the tenets of social constructivism as

- Learner’s previous knowledge constructions, beliefs, and attitudes are

considered in the knowledge construction’s process.

- Learning and development is a social collaborative activity.

- Learning should occur in a meaningful context and not separated

from learning and knowledge children develop in the real world.

- Scaffolding is facilitated to help students perform just beyond the
limits of their ability.

- Problem-solving, higher-order thinking skills and deep understanding

are emphasized

- Assessment is authentic and interwoven with teaching.

These six tenets of social constructivism will be emphasized in this

study in terms of interpreting data.

Social Constructivism towards Teaching and Learning

Learning science under a social constructivist framework involves students
making meaning of the world through both individual and social process (Driver,
1994). In teaching and learning, students should have opportunity to test their new
knowledge claims with peers and link new ideas with personal experience and

existing knowledge (McRobbie and Tobin, 1997).
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McRobbie and Tobin claimed that the teachers should know that the students
come to classroom with their ideas and these ideas may come from personal
experience and existing knowledge. The teaching and learning should be set in terms
of letting the students learn through social interaction. The teachers should make
activities that all students have a chance to participate in group. On the other hands,

the teaching should emphasize collaborative learning and social context.

Brooks and Brooks (1993) identified the characteristics of constructivist

teachers as following.

- Encourage and accept student autonomy and initiative.

- Use a wide variety of material, including raw data, primary sources, and

interactive materials and encourage students to use them.

- Inquire about students’ understandings of concepts before sharing their own

understanding of those concepts.

- Encourage students to engage in dialogue with the teacher and with one

another.
- Encourage student inquiry by asking thoughtful, open-ended questions and
encourage students to ask questions to each other and seek elaboration of students’

initial responses.

- Engage students in experiences that show contradictions to initial

understandings and the encourage discussion.

- Provide time for students to construct relationships and create metaphors.

- Assess students’ understanding through application and performance of

open-structured tasks.
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The role of the teacher is to recognize these strongly held conceptions that
children bring to the classroom and provide experiences that will help them build on
their prior knowledge (Duit and Confrey, 1996). The teachers should act as a tour
guide mediating between children’s everyday world and the world of science (Driver

etal., 1994).

Maddux, Johnson, and Willis (1997) describe the four principles applied in

any Vygotskian classroom as follows:

Learning and development is a social, collaborative activity.

The ZPD can serve as a guide for curricular and lesson planning.

School learning should occur in a meaningful context.

Relate out-of-school experience to the child's school experience.

Social Constructivist Teaching Strategies

There are many strategies consistent with social constructivist teaching. All of
these strategies focus on the social interaction between both teacher and student and

student and student.

Collaborative Learning

Collaborative learning is one of the most important social constructivist
teaching strategies. Collaborative learning is one of the educational approaches
involving joint intellectual effort by students, or students and teachers. Usually,
students are working in groups of two or more, searching for understanding, solutions,
or meanings, or creating a product. Collaborative learning activities vary widely, but
most center on students’ exploration, not simply the teacher’s presentation or

explication of it (Smith and MacGregor, 1990).
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Cooperative Learning

Cooperative learning allows for learning and development to become social
collaborative activities (Rice and Wilson, 1999). This type of activity requires that
students work primarily in groups (Brooks and Brooks, 1993). The groups can be any
size. Cooperative learning activities should not be simply activities that are called
group work and that require the students to just search for answers to fill out a
worksheet. In contrast, cooperative learning should require students to collaborate and
critically analyze issues, which causes them to develop higher-level thinking skills.
Some sample cooperative learning activities are group problem solving, group
inquiry, simulations, and debates. The activities encourage creativity, and foster
higher-level thinking (Brown, 1999). Teachers can foster cooperative skills —
listening, respecting others, encouraging, explaining, summarizing, checking for
understanding, and disagreeing in a civil manner by showing students that in their
groups they must talk about the work, drill each other on the material, share answers,

share materials, and encourage one another to learn

The cooperative groups by Johnson and Johnson (1987) described five

elements of cooperative learning as follows:

- Positive interdependence which means the individual success depends on

the success of the group.

- Face-to-face interaction which means the interaction of the group is very

important.

- Individual and group accountability which mean the goal of instruction is

for every student and group.

- Interpersonal and small-group skills which mean the teachers should teach

the students about the skills to function effectively.

- Group processing which mean the feedback of the teachers is very
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important to encourage the students’ improvement.

One cooperative approach that find effective and readily adaptable to middle
school classroom is called think-pair-share. Following an activity, demonstration, or

discussion, students are asked to:

- Think about what they just observed or talked about and (individually)

write down two or three of the key ideas in their own words;

- Turn to their lab partners and listen to each other’s ideas;

- Move as a team to another group and repeat the sharing (or participate in a

whole-group sharing). This strategy is both efficient and engaging.

The benefits of cooperative learning are well studied and documented. Many
researches on cooperative learning confirmed that cooperative learning has positive
on students’ achievement, problem solving and motivation to learn (Nastasi and
Clements, 1991; Qin, Johnson, and Joshnson, 1995). Cooperative learning encourages

better attitudes towards peers and improved self-esteem (Slavin, 1990).

Discussion

According to Larson (1999), Wileen and White (1991) stated that it
(discussion) is characterized as a structured conversation among participants who
present, examine, compare and understand similar and diverse ideas about an issue.
Discussion is an excellent way to engage students in thinking and analyzing or in
defending one side of an issue, rather than listening to lecture. Students must also

respond to one another, rather than interacting intellectually only with the instructor.

Gall (1985) reported that discussion is an effective way to promote higher-
level thinking, develop student attitudes, and advance student capability for moral
questioning. Hipkins et al. (2002) argue that discussion can provide opportunities for

students to clarify and share their own understandings, test out their understandings,
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ask questions and challenge the views of other students and the teacher, and use the
new ideas with confidence. Moreover, Larson (1999) states that discussion may
require teachers to relinquish to students more of their authority over the instructional

process than recitation or questioning does.

Questioning

Questioning is the most common strategy that teachers use for involving
students in the learning process (Bliss, 1995; Glenn, 2001; Amos, 2002). Indeed,
Amos (2002) reports that up to one-fifth of what a teacher says in a classroom is
likely to be in the form of questions. If teachers ask open-ended questions, they allow
students to think freely and flexibly, to express their own ideas and thoughts without
thinking that they have to give one ‘right’ answer and they promote successful
discussions that stimulate student participation (Harlen, 1999). Amos (2002) supports
the use of open-ended questions, arguing that closed and subject-oriented questions
that rely on linear processes and logical reasoning discourage students from thinking
differently from the teacher and may deter students from answering the questions

asked. The quality of teacher questions is also important.

In checking students’ understanding, teachers should ask open-ended
questions that allow students to express their own understanding and conceptions, and
put less emphasis on recalling facts that reduce opportunities for students to be
creative and critical in their thinking (Harlen, 1999; Amos, 2002; She and Fisher,
2002). Amos (2002) argues that such questions require students to apply, analyze,
synthesize, and evaluate information. She and Fisher (2002) suggest that questions
should help students interpret their observations, link new learning to what students

already know, and stimulate their thinking.

In summary, many research studies indicate that teaching strategies based on a
constructivist perspective could encourage students learning. From social
constructivist perspective, the development of understanding by discussion of ideas

with peers is an essential part of learning and involves articulation, clarification,
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elaboration and negotiation. Accordingly, students should be encouraged to be
involved in putting language to ideas, testing their understandings with peers and
listening and making sense of the ideas of the other students (McRobbie and Tobin,
1997). Therefore, this research study focuses on using effective teaching strategies
based on constructivism, and social interaction will be taken into this account, and

added to the research.

Social Constructivist Assessment

One important component of the teaching and learning process is assessment
and a constructivist teaching approach to teaching requires constructivist assessment.
Brown and Knight (1994) state that assessment is at the heart of the student

experience.

Jones states that the goal of constructivist teaching is to assist students in
building their own understanding and then assessments should be aligned with this
view of learning. He proposed that alternative assessments such as concept maps and
portfolios can be used as constructivist assessments. In addition, Ernest, Brooks and
Brooks (1999) identified that authentic assessment is best achieved through teaching
by interactions between both teacher and student and student and student and

observing students during meaningful tasks (Jones, 1997).

Rust (2005) states that students should be actively engaged with every stage of
the assessment process in order that they truly understand the requirements of the
process, and the criteria and standards being applied. They should subsequently

produce better work.

Jonassen (1992) recommends evaluation strategies that are consistent with the
two main aspects in constructivism, namely, learning is a process of construction, and
context is important in the learning process. He suggests that effective assessment

should be part of the instructional process. Students’ demonstrations of knowledge
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acquisition, their products and their actions while performing science activities are

evaluated.

Relevant Research on Social Constructivist Teaching

There are many research studies about teaching approaches based on

constructivism and social constructivism in the foreign countries.

Linn and Songer (1991) found that when they used constructivist curriculum,
the understanding about thermodynamics of middle school student significantly
increased. Windschitl and Andre (1998) compared the effects of constructivist versus
objectivist teaching techniques in a college physiology class and found that the

constructivist learning environment produced significantly greater conceptual change.

Shepardson and Britsch (2001) studied the role of children's journals in
elementary school science activities because they wanted to expand their
understanding of children's science learning. They examined children's activity across
a variety of dimensions, including observing the ways children approach science
experiences, how children interact with peers, and the products they create—the
drawings, writings, and constructions children make to represent their understandings.
Their sample was 6 kindergarten and 6 fourth-grade students. Kindergarten students
engaged in science activities about dissolving and they wrote a science journal.
Fourth-grade students engaged in science activities about sound and also wrote in
their science journals. In addition, they collected data through audiotape and
videotape recordings, journals in science activities, and field notes. The result was
that children reconceptualized their understandings of the science investigation and
phenomena by using three types of mental contexts imagination, experience and
investigation. The children's representations of their imaginary, experienced and/or
investigative worlds were shaped by other texts and structures such as school science
texts. The conclusion was that the role of journals in the science curriculum can be
enhanced and elaborated if journals allow children to use various child selected

combinations of writing and drawing to construct and represent their understandings.
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Valanides (2002) studied about aspects of constructivism. He thought that
classroom-based discourse would support students’ conceptual growth because the
knowledge construction process is shaped and validated by students’ interactions with
students, the teacher, and the physical environment. An experimental setting was used
in a class of 23 sixth-grade students to prompt discussions about shadows. Students
were asked to predict the position and other characteristics of shadows. Data were
collected on audiotapes and videotapes of their discourse. The result was that
students made strong progress toward achieving more scientifically correct
understanding of shadow phenomena by discussion because dialogue induced

students to think and reconsider their initial conceptions about shadows.

Bell et al. (1985) used conservation tasks. They determined that children
working with peers showed more cognitive growth than children working alone.
However, there were particular conditions that were in place for children who derived
the most from this opportunity. For example, the child had to be actively engaged in
the problem-solving activity and not merely observing the more advanced peer. In
addition, if the partner’s cognitive level was too much in advance of the child’s, the

outcome mirrored that expected of interactions with adults.

Radziszewska and Rogoff (1988) compared children’s interactions with adults
and peers, using one group of peer partners who had been taught to use an optimal
strategy for completing an errand-planning task and another who had received no
special preparation. When the children were later asked to plan without assistance,
those children who had collaborated with adults were more successful than those who

had worked with prepared or unprepared peers.

In Thailand, there are a few research reports that were influenced by the

constructivist approach in science.

Leengjaroonrat (2000) studied about Effects of Constructivism Learning
Process and Portfolilo on teaching Energy and Life, and Home Electrical Appliances

in Mathayomsuksa 3 Kasetsart University Laboratory School. The purpose of this
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research was to compare IPST’s (the Institute for the Promotion of Teaching Science
and Technology) learning process, the constructivist learning process, and a
constructivist learning process with portfolio. The population consisted of 108
students, with 36 students taught by IPST’s learning process, 36 students taught by
the constructivist learning process, and 36 students taught by constructivism learning
process with portfolio. He collected the data by journal, concept test, application test
and attitude toward science test. He found that the students who learned by the use of
constructivism learning process with portfolios had increased understanding of

concepts about Energy and Life, and Home Electrical Appliances.

Nopakoon (2002) studied about the Development of a Model of Learning and
Teaching Science Process Using Constructivism Approach in the Fifth Grade of
Kasetsart University Laboratory School. The subjects were persons in Kasetsart
University Laboratory School in the academic year of 1999 and 2000. They were 3
science teachers in the fifth grade who voluntarily participated in the research, 17
students in each year, 5 administrators and 117 parents of the students in the academic
year of 2000. The instruments that were used in this research were field notes and
interviews. When she implemented the constructivist teaching approach, the teachers’
instructional behaviors were consistent with the principles of constructivist approach.
The students expressed learning behaviors including thinking, analyzing, and decision

making.

Thailand Educational Background and Education Reform

There have been many changes in education in Thailand. Between 1238 and
1868, there was no formal education. Education was provided by the royal institution
of instruction (Rajabunditt) only to princes and sons of nobles. Common children
learned in the temple provided and taught by the Buddhist monks (Ministry of
Education, 1998).

During the early Bangkok period, a number of treaties were concluded with

foreign powers, mostly in the form of a Treaty of Friendship and Commerce. King
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Rama IV realized that the kind of education provided by the monastery and the court
was not adequate for future government officials. For this reason, he commanded that
measures be taken to renovate the education of the country. It was decided that a good
knowledge of English would form a part of the new educational requirements, as it
had become a necessary key to further knowledge. The policy of educational
modernization was further pursued by King Rama V (1868-1910). Recognizing the
need for better-trained personnel in royal and governmental services, he opened a

school in the palace to educate young princes and the sons of nobles in 1871.

In 1921, the Compulsory Primary Education Act was proclaimed, requiring
every child between the ages of 7 and 14 to receive free primary education. Then, in
1932, educational policies and plans were again revised, extending compulsory

education to five and six year olds.

Nowadays, Thailand has undergone even more education reform. This has
resulted in policies and plans to bring about necessary changes within the Thai
system. Thailand’s educational system is divided into four levels, namely pre-school,
primary, secondary and tertiary levels. The provision of pre-school, primary and
secondary education, including vocational and technical education is under the
responsibility of the Ministry of Education, while the provision of tertiary education is
under the supervision of both the Ministry of Education and the Ministry of
University Affairs.

Thai education has undergone much reform in recent years. There are many

aspects to education reform in Thailand. These include:
- Expanding provision of free basic education both formal and non-formal
from nine to twelve years, and extending compulsory education from six to nine

years.

- Providing education to meet the learners’ basic learning needs, upgrading



31

their skills, and encouraging their self-development so that they may continuously

improve their quality of life and livelihood.

- Implanting internal and external quality assurance system in schools and

education institutions.

- Reforming administration and management of education to encourage full

participation of local educational authorities and local community.

- Encouraging private sector participation in educational provision by

liberalizing rigid rules and regulations.

- Reforming pedagogy by emphasizing learner centered activities and

establishing life-long learning centers.

- Reforming the curriculum, allowing for contribution/ participation of
stakeholders, to meet new challenges and demands of different groups of learners
with an emphasis on mathematics, science, and technology in parallel with the

promotion of pride in national identity and cultural heritage.

- Reforming resource allocation at the national level on the basis of equity
and encourage local educational authorities and communities to mobilize their

resources for education.

According to the education reform, The Institute for the Promotion of Science
and Technology Teaching, [IPST, (2002)] has responded to the government policy by
developing the National Science Curriculum Standards to be the standard criteria for
teaching and learning science. According to these standard Thai students would be

able to:

- Understand the principles and theories of basic science.

- Understand the boundaries, nature and limitations of science.



- Use skills to inquire about and explanation of science and technology.

- Develop thinking processes and imagination, their ability to solve

problems, management, communicative skills and decision making.

- Realize influentially and affectively the relationships among science,

technology, human beings and environment.

- Use knowledge of science and technology to advance society and

everyday life.
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- Be a human who has scientific attitudes, moral, ethics, values for utilizing

science and technology creatively (IPST, 2002).

From these goals, primary and secondary school science should include the
following key aspects for organizing teaching and learning science (Pravalpruk,

1999):

- The understanding and application of science concepts: in the areas of
science facts, concepts, principles and theories from life systems, physical systems

and earth and space systems.

- Investigative science: the study of science as inquiry, providing a set of
interrelated processes by which scientists pose questions which investigate

phenomena and cultivate deeper understanding of natural phenomena.

- Connective science: the study of the connections between and within the
natural sciences, between science and mathematics, and between science and

technology.

- Science, technology and society: the study of how science and technology

are influenced by, and influence environment and society.
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The teaching and learning should promote the linking of local wisdom,
modern technology and experiences in everyday life for the students (ONEC, 2002).
IPST developed the National Science Content Standard (IPST, 2002). This Standard
has eight strands. The eight strands consist of: Living things and living processes; Life
and the environment; Substance and their properties; Force and motion; Energy; Earth

changing processes; Astronomy and space; Nature of science and technology.

The Concept of Light in the Thai Science Curriculum

The Institute for Promotion of Teaching Science and Technology (IPST) has
the mandate from the Ministry of Education to implement the subject matters of
science, mathematics and technology. It sets the standards for learning at the basic
level, the standards for learning at different levels and provides core subject matters

for basic education.

This research study will focus on the topic of light. Light is contained in strand
5: Energy of Thai science curriculum. The topic of light is typically presented early in
the elementary school curriculum. Light and shadow is a topic commonly studied
when children are in grades 2 to 3. Such topics as the fact that light moves in straight
lines, the nature of light reflection, and refraction, light traveling through various
media, the light spectrum, and color mixing are typically studied in limited detail by

children in grades 4-6. Light is studied in greater depth in secondary school.

Table 2.1 Basic science content standard about Light topic in each level

Level standards Level standards Level standards Level standards
(grade 1-grade (grade 4-grade 6) (grade 7-grade 9)  (grade 10-grade 12)
3)

1. Experiment and 1. Experiment, 1. Experiment,
explain how light analyze and explain  analyze and explain
travels from its source  reflection and also refraction of light
and moves though calculate relevant when light is
different mediums and  quantities and draw  propagated in the
how light energy is images different medium
transformed into 2. Discuss and and use Snell’s law

explain how light 2. Investigate and
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Level standards Level standards Level standards Level standards
(grade 1 — grade (grade 4 — grade 6) (grade 7 —grade 9) (grade 10 — grade
3) 12)

electrical energy, and intensity affects the  analyze the
give examples of uses ~ human eye and that  properties of light
of solar cells of other organisms such as diffraction

2. Experiment and
explain the distribution
of white light though
prisms and apply the
knowledge to discuss
natural phenomena

and interference

3. Experiment and
discuss polarization
of light

4. Experiment and
discuss intensity of
light

All of the concepts in the three levels are connected and the higher concepts

require that the basic concepts from lower levels be mastered. This thesis will focus

on the concept of light in grade 8. According to National Science Curriculum

Standards (IPST, 2002) in grade 8, the content of light is divided into 3 themes, light

and seeing, the refraction of light and its application and seeing and intensity of light

which includes six main sub topics as follows:

1. Reflection

2. Refraction

3. Image formation from mirror and lens

4. The application of refraction

5. Seeing

6. Light intensity

Figure 2.1 shows the conceptual framework of the topic of light in IPST

textbook.
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IPST Textbook

Concept 1: The Reflection of Light by the Plane Mirror (3 periods)

Content: The law of reflection of light, the characteristics of image formed by

the plane mirror, and the ray diagram of the image formed by plane mirror.

Activities: Teacher probe the students explain about the reflection by plane
mirror and students do experiment about the concept of reflection by plane mirror and
image formation by plane mirror. After finishing the experiment, there is a whole

group discussion about the questions from the textbook.

Concept 2: The Reflection of Light by the Curved Mirrors (3 periods)

Content: the characteristics of curved mirrors (concave and convex mirrors),
the characteristics of image formed by the curved mirror, the ray diagram of the

image formed by curved mirrors and the useful of the reflection by curved mirrors.

Activities: Teacher probes the students to explain about the reflection by
curved mirrors and students do experiment about the concept of reflection by curved
mirrors and image formation by curved mirrors. After finishing the experiment, there

is a whole group discussion about the questions from the textbook.

Concept 3: The Refraction of Light (3 periods)

Content: the refraction of light, the light dispersion, the refraction of light in
daily life, and the application of refraction of light.

Activities: Teacher demonstrate the students about the refraction of light and
pose questions for the students to think about and then students do experiment about
the concept of refraction of light and the formation of rainbow. After finishing the

experiment, there is a whole group discussion about the questions from the textbook.
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Concept 4: Lens (3 periods)

Content: the characteristics of lenses (converging and diverging lenses), the
light ray when the light passes through the lenses, the image formation by the lenses,
and the total reflection of light.

Activities: Teacher let students do experiment about the concept of lens. After
finishing the experiment, there is a whole group discussion about the questions from
the textbook.

Concept 5: Optical Instruments (2 periods)

Content: the concept of optical instruments (microscope, telescope, and

camera)

Activities: Teacher let students find the information about optical instruments

and do the report and then do the presentation.

Concept 6: Brightness and Seeing (2 periods)

Content: seeing, the eye’s problems, the light intensity, the eye care.

Activities: Teacher let students find the information about optical instruments

and do the report and then do the presentation.

Students’ Alternative Conception of the Concept about Light

There are many alternative conceptions regarding the topic of light because
light is an abstract concept that is hard for the children to understand. For example,
image formation using mirrors and lenses are common topics and students hold many
alternative conceptions regarding these topics (Anderson and Smith, 1983; Feher and

Meyer, 1992; Fetherstonhaugh and Treagust, 1990; Goldberg and McDermott, 1986;
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Guesne, 1985; Jung, 1981; Ramandas and Driver, 1989; and Watts, 1985). Jung
(1981) studied the use of mirrors with 12-year-old boys and girls. This study showed
that 90% of the students think that images exist on the surface of mirror, rather than
from behind the mirror. Many students suggested that because light is reflected from
the surface of the mirror, that it is the place where the image is formed. Watts (1985)
examined student conceptions of light as a case study. Data were collected by
interviewers that indicated the students held misconceptions about image formation

by a plan mirror. The students thought that the images were on the mirror.

Fethestonhaugh and Treagust (1992) examined the students’ understanding of
light and its properties. Data were collected through a diagnostic test from grade 8 and
10 students (age 13-15 years) that indicated that the students held misconceptions
about seeing. Students seemed to use a visual ray model that reflects light onto the
eyes from an object or something leaves the eye to strike the object. Salley (1996)
examined children’s ideas on light and vision. She found misconceptions when she
studied 28 children involved from one class from Years 4 (age 9) though to Year 6
(age 11). The data were derived from children’s drawings and written responses, and
from small group interviews. The data indicated that most students use a visual ray
model that reflects light onto the eyes then onto an object or something leaving the
eye to strike the object or light shining all over the place and when it gets to the
object, it comes back down to your eyes, then bounces off your eye and goes back to

the object, so that you can see it.

Anderson and Smith (1983) studied students understanding of color. They
found that most of students thought that color was a property of the object viewed and
that what we see is the actual color of the object rather than the color of the light

reflected from the object.

In Thailand, students also hold misunderstandings about light. Sangsupata
(1995) found that Thai students have misconceptions in basic science concepts like
light and optics. Such understanding is essential to the learning more advanced

science concepts including laser and optical fiber. Punputsa, (2004), Worrapan,
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(2003), and Tinsandee, (2004) showed that Thai students held a misconception about
light in many topics such as the velocity of light, the reflection of light, the refraction
of light, and sight. Worrapan (2003) studied teaching for changing student
misconceptions about the refraction of light among eleventh grade students. The study
used the teaching strategy created by Hesse which has three. One first determines the
prior concepts of the students. Then, one provokes conflict between students’ prior
concepts and new concepts to be learned. In the last part the teacher helps students
gain more confidence in their new concepts. Comparing the pretest and posttest,
Worrapan (2003) found that students better understood the scientific concepts after
using the teaching strategy of Hesse. Similarly, Tinsandee (2004) studied how to
change misconceptions about the velocity and the reflection of light with eleventh
grade students also using the teaching strategies of Hesse. Comparing pretest to
posttest scores showed that the students better understood the scientific concepts after

using these teaching strategies.

Teaching and Learning of the Concepts about Light

In Thailand, there has been much research on the teaching of light. For
example, Worrapan (2003) studied teaching for changing student misconceptions
about the refraction of light among eleventh grade students. The study used the
teaching strategy created by Hesse which has three parts. One first determines the
prior concepts of the students. Then, one provokes conflict between students’ prior
concepts and new concepts to be learned. In the last part the teacher helps students
gain more confidence in their new concepts. Comparing the pretest and posttest,
Worrapan (2003) found that students better understood the scientific concepts after
using the teaching strategy of Hesse. Similarly, Tinsandee (2004) studied how to
change misconceptions about the velocity and the reflection of light with eleventh
grade students also using the teaching strategies of Hesse. Comparing pretest to
posttest scores showed that the students better understood the scientific concepts after

using these teaching strategies.
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Pulputsa’s study (2004) compared teaching strategies proposed by Wittrock
and IPST concerning the velocity of light, the reflection of light, the refraction of
light, and seeing. There are four stages in Wittrock’s teaching strategy which is
similar to the strategy of Hesse. First, find the prior concepts of the students. Second,
encourage the students to learn and share the prior concepts in the classroom while the
teacher explains the scientific concepts to the students. Third, the teacher has the
students do an experiment that is designed to provoke a conflict between students’
prior concepts and their new concepts. Finally, generate new knowledge to use in
other situations. IPST’s teaching strategy is a strategy that is used in the IPST teacher
guide book and it is based on the processes of inquiry, problem solving and hands-on
/minds-on activities. The study compared test scores after using the two strategies
and found that Witrock’s teaching strategy helped the students understand more than
the IPST’s strategy. In addition, Wittrock’s teaching strategy created fewer
misunderstandings than the IPST strategy.

Implication of Social Constructivism on Teaching Light

To enhance students’ scientific understanding of light, the teaching approaches
as presented earlier, ask students to actively involved in the process of socially shared
their thought. Teaching approaches for the concept of light, for instance, ask the
students to work in groups or in pairs to share and examine their idea related with the
concept of light. The students in collaboration with others have to determine their

thought and solving problems.

Theoretical Framework of this Thesis

The literature on students understanding of the concept about light indicates
that the concept of light is an abstract and hard to understand especially the concept of
image formation by mirror and lens, color. Previous studies show that students had
their prior knowledge in the concept about light. These may be scientific or alternative
conception from the students’ experiences or others that may effect to their

understanding. To get the successful teaching of the concept about light, the students
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should learn and work though their prior knowledge, building a consistent new
understanding based on accurate scientific idea. The students should have opportunity
to share their idea and discuss their own experiences to their friends and the teachers
because the approaches of learning through interacting by comparing with others and
the students are usually more motivating and it also promotes higher order thinking.
By these reasons, this study is informed by the social constructivism with the
emphasis on students’ prior knowledge, language mediates learning, students-students

or students-teachers interactions.

Summary

There are many research studies in science education on student’s
understanding, students’ problems, and teaching and learning of the concept of light.
In Thailand, there has been not much on doing research on the concept of light or
there has been only find out the concept of the students. To know the situation of
teaching and learning the concept of light in Thailand, finding out that situation is
very important. This comes to answer the first two research questions; how do Thai
teachers teach the topic of Light and what do Thai students understand about the
concept of Light.

In addition, the review literature shown there are many teaching approaches
based on social constructivist teaching that promote students understanding of the
concept of light and which are related to Thai National Education Act (1992). The
main strategy focused on learning science under a social constructivist framework
involves students making meaning of the world through both individual and social
processes. Vygotsky proposed the term of Zone of Proximal Development (ZPD).
Zone of proximal development of learners is defined as the learner’s range of ability
with and without assistance. Thus one end of the range is the student’s ability level
without assistance and the other end of the range is the learner’s ability level with
assistance. There are collaborative and cooperative learning, discussion, and
questioning. Some of teaching approach was developed and used as learning activities

in the light learning unit which aim to promote students’ understanding the concept of
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light. Not only the information of the review literature used to develop the unit, but
also used the information from the pilot study about the situation of teaching and

learning the concept of light and the students’ understanding about light.

In next chapter, Chapter 3 methodology will start by reviewing the
methodology of the study, interpretivism, and its philosophical basis, characteristics,
research design, and the research framework. It also presents the data and analysis in
each phase of the study. Finally, the researcher discusses the ethical concerns and how

to confirm the trustworthiness of the research results of this study.



CHAPTER I

RESEARCH METHODOLOGY

Introduction

This chapter describes the research methodology used in the study. The
chapter first starts by reviewing the methodology of the study, interpretivism, and its
philosophical basis, characteristics, and research design. All these ideas are applied to
the current research design. Then, the research explains the research framework, three
phases of the study, the exploratory phase, the unit design and development, and the
unit implementation and evaluation. It also presents the data and analysis in each
phase of the study. The data sources include the primary and secondary data sources,
surveys, individual and focus group interviews, reflection, students’ pre and post tests,
classroom observations, and researcher field notes. Then, this chapter describes the
data analysis. Finally, the researcher discusses the ethical concerns and how to

confirm the trustworthiness of the research results of this study.

Research Methodology

Interpretivism

A paradigm is a way of looking at the world or a way of breaking down the
complexity of the real world and expressing what is important, what is legitimate,

what is reasonable (Kuhn, 1970).

There are two ways to view the world; positivism and naturalistic paradigm.
The positivism paradigm believes that one truth exists out there, and one must be
objective to find it. The aim is to try and standardize the field of study to make sense
of it and to get the answer to one specific question. On the contrary, the naturalistic
paradigm believes that there are many truths as we socially construct the truth. There

are multiple realities and different people have different perceptions and experiences.
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The naturalistic paradigm is used to inductively and holistically understand human
experience in context-specific settings (Patton, 1990). This paradigm allows for and
appreciates the study of phenomena within its natural setting, insisting that the
research interaction should take place with the entity-in-context for fullest
understanding (Lincoln and Guba, 1985). It recognizes the researcher as the
instrument, taking into account the experiences and perspectives of the researcher as
valuable and meaningful to the study (Lincoln and Guba, 1985). It relies on
qualitative methods, which capture a more complete picture of individual-lived
experience instead of a narrow perspective of generalizations (Lincoln and Guba,
1985). It employs inductive data analysis to provide more understanding of the
interaction of mutually shaping influences and to explicate the interacting realities and
experiences of researcher and participant (Lincoln and Guba, 1985). It allows for
emergent design because it is inconceivable that enough could be known ahead of
time about the many multiple realities to devise the design adequately and because the
diverse perspectives and value systems of researcher and participant interact in

unpredictable ways to influence the outcome of the study (Lincoln and Guba, 1985).

In summary, the naturalistic paradigm states that realities are multiple,
constructed, and holistic (Lincoln and Guba, 1985). The aim of such a paradigm is to
seek information about the reality of the individual or group being studied. This is in
contrast to the positivist view that reality is single and fragmented. This study focuses
on information from the participants about their own perceptions and roles. A
naturalistic approach used to obtain this type of information and the naturalistic
paradigm is more consistent with the interpretive research for studying and

understanding the experiences and perspectives of the participants in this study.

Characteristics of Interpretive Research

Interpretive research is based on a naturalistic paradigm. Interpretive research

allows the researcher to examine:

- The science classroom as socially and culturally constructed environments.
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- The nature of teaching as one feature of that learning environment.

- The way in which teachers and students make sense of, and give meaning

to their interactions as the central element of educational process (Erickson, 1986).

The procedure of interpretive research tends to enter into long relationships
with the teachers for the purpose of learning about the manner in which teachers do
their work, how they think about it, and what forces influence their thought and
actions. The interpretive researcher enters into long term relationships with teachers
that permit discourse with them about their work. The discourse begins with
observation of teachers at work in their classrooms, in laboratories, and in interactions
with students. Ultimately, over time, as rapport among teachers, students, and the
researcher develops, it leads naturally to discussion of the meaning-perspectives.

To analyze data, interpretive research uses inductive data analysis. Inductive analysis
helps the researcher to understand the interpreted data and produces explicit,
recognizable, and accountable interaction between the researcher and participants
(Lincoln and Guba, 1985). The important considerations in planning and conducting
interpretive research are multiple perspectives, multiple data generation methods,

ethics, and ways of ensuring trustworthy data generation and analysis.

Due to interpretive research, it was important to include multiple perspectives
and multiple data generation methods when investigating the views of Thai teachers
and students. To validate inquiry outcome, the researcher always negotiates the
meanings and interpretations of participants from which data have been drawn (Guba

and Lincoln, 1985; Bryman, 2001).

Multiple data generation methods use various types of data that help the
researcher to build thick descriptions of the participants’ frameworks (Southerland,
Smith and Cummins, 2000). The use of multiple sources of data can help the
researcher gain different insights into the participants. The researcher used
interpretive research as a methodology in this study because it is concerned with the

understanding of human behavior from participants’ own frames of reference and
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attempts to interpret and understand the meaning and perspective of participants, i.e.,
teachers and students in the classroom, in the search for patterns of meanings-in-

action (Hoepfl 1997).

Research Design: Case Study

A case study is an ideal methodology when a holistic, in-depth investigation is
needed (Feagin, Orum, and Sjoberg, 1991). Case studies, on the other hand, are
designed to bring out the details from the viewpoint of the participants by using
multiple sources of data. Case studies have been used in varied investigations,
particularly in sociological studies and in instruction. Yin (1994) saw the case study
as an empirical enquiry that investigates a contemporary phenomenon within its real-
life context when the boundaries between phenomenon and context are not clearly
evident. The qualitative approach to a case study is described wherein the value of a
case study relates to the in depth analysis of a single or small number of units such as
a person, an organization, or an institution and it is the common research strategy in
different disciplines, for example, education (Ball 1983, Burgess 1985, Hammersley
1986, Stake 1995, Hancock, 1998). Moreover, Yin (1994) writes that the case study
inquiry copes with technically distinctive situations in which there will be many more
variables of interest than data points, as one result, relies on multiple sources of
evidence, with data needing to converge in a triangulating fashion, as another result,
and benefits from the prior development of theoretical propositions to guide data
collection and analysis. Yin (1994) presented at least four applications for a case

study model:

To explain complex causal links in real-life interventions.

To describe the real-life context in which the intervention has occurred.

To describe the intervention itself.

To explore those situations in which the intervention being evaluated has

no clear set of outcomes.
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In this research, the case study method helped the researcher to understand the
teachers’ implementation and impact of the unit on the teachers and students in their
real-life context. It helped the researcher to investigate how and to what degree Thai
science teachers are able to implement the Light Learning Unit (LLU) and how
teacher implementation of the Light Learning Unit (LLU) influenced students’

scientific understanding of light.

Research Quality: Trustworthiness

The criteria for judging quality in a naturalistic paradigm are creditability,
transferability, dependability, and confirmability. These criteria are intentionally
designed to parallel the rigorous criteria that have been used within the positivist
paradigm: creditability parallel to internal validity, transferability parallel to external
validity, dependability parallel to reliability, and confirmability parallel to objectivity
(Guba and Lincoln, 1989).

Credibility: In the positivist paradigm, the researcher employs experimental
methods and quantitative measures to test hypothetical generalizations (Hoepfl,
1997). They also emphasize the measurement and analysis of causal relationships
between variables (Denzin and Lincoln, 1998). Internal wvalidity is defined
conventionally as the extent to which variations in an outcome or dependent variable
can be attributed to control variation in an independent variable (Guba and Lincoln,
1989). Joppe (2000) provides the following explanation of what validity is in
quantitative research: validity determines whether the research truly measures that
which it was intended to measure or how truthful the research results are. Researchers
generally determine validity by asking a series of questions, and will often look for
the answers in the research of others. The internal validity is established by
controlling and/or randomizing processes to diminish a number of threats including
history, maturation, testing, instrumentation, statistical regression, differential
selection, experimental mortality, and selection. Conversely, a naturalistic paradigm
seeks to understand phenomena in context-specific settings, such as real world

settings [where] the researcher does not attempt to manipulate the phenomenon of
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interest (Patton, 1990). Internal validity is replaced by creditability criterion. There
are many techniques used to increase creditability including the adequacy of data
from the field, which should involve drawing on different data types gathered in

different ways from different participants (Lincoln and Guba, 1985).

Transferability: In the positivist paradigm or traditional criteria for judging
quantitative research, external validity is defined as the generalizability of the findings
of a particular inquiry to other contexts or with other subjects (Guba and Lincoln,
1989; Cohen, Manion, and Morrison, 2000). However, alternative criteria for judging
qualitative research can use external validity as transferability. Transferability refers
to the degree to which the results of qualitative research can be generalized or
transferred to other contexts or settings. From a qualitative perspective, transferability
is primarily the responsibility of the one doing the generalizing. In qualitative
research, there are many ways that can enhance transferability, including doing a thick
description. The person who wishes to transfer the results to a different context is then

responsible for making the judgment of how sensible the transfer is.

Dependability: In the positivist view, reliability means the consistency of an
inquiry and is a precondition for validity (Guba and Lincoln, 1989; Maykut and
Morehouse, 1994; and Cohen et al., 2000). On the other hand, it emphasizes the need
for the researcher to account for the ever-changing context within which research
occurs. The researcher is responsible for describing the changes that occur in the

setting and how these changes affect the way the researcher approaches the study.

Confirmability: This refers to the extent to which the characteristics of the
data, as posited by the researcher, can be confirmed by others who read or review the
research results (Bradley, 1993). confirmability is determined by checking the internal
coherence of the research product, namely: the data, the findings, the interpretations,
and the recommendations. There are many strategies to enhance confirmability. The
researcher can document the procedures for checking and rechecking the data
throughout the study. The researcher can actively search for and describe negative

instances that contradict prior observations. And, after the research study, one can
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conduct a data audit that examines the data collection and analysis procedures and

makes judgments about the potential for bias or distortion.

Ethical Concern

Because educational and social research is a part of human research, ethical
dilemma is an issue in educational and social research (Cohen et al., 2000). Therefore,
each stage in the research sequence may be a potential source of ethical problems
(Cohen, et.al, 2000). The costs/benefit ratio is a fundamental concept expressing the
primary ethical dilemma in social research. So, in planning research, researchers have
to consider the social benefits, and possible benefits accruing from the research may
take the form of crucial findings leading to significant advances in theoretical and
applied knowledge. The benefits to participants could take the form of satisfaction in
having made a contribution to science and a greater personal understanding of the
research area under scrutiny (Frankfort-Nachmias and Nachmias, 1992). Access to
the organization or school where the research is to be conducted and acceptance by
those whose permission one needs before embarking on the task is important (Cohen,
et.al, 2000). The access to personal records, both as a primary or secondary source of

data, must be approached both ethically and legally (Anderson and Arsenault, 1998).

Informed consent, confidentiality, and the safety and welfare of the
participants are employed by a significant number of studies for ethical reasons
(Cohen et al., 2000). The participants were informed about the purposes and
procedures of the investigation and they also were informed that they had a right to
participate or withdraw from any step of the study. In addition, in the final report, all
participants are expected to use pseudonyms. Another person who can identify them

from the information given must be provided.



50

Design for Current Research

Introduction

This section explains the research framework of the study which includes
three phases of the study; exploratory phase, design and development of the unit, and
implementation and evaluation of the unit. The research design section of the first
phase includes the development of probing data collection, the current state of
teaching and learning the concept of light in the academic year 2005, and light
diagnostic tests in the academic year 2006. In the second phase, the guiding principles
for constructing the unit, the structure of the unit, and the unit itself were described.
The unit called the Light Learning Unit (LLU), which includes its content, activities,
and the duration of each lesson, are previewed. The full details of the design and
development of the LLU will be presented in Chapter V, The design and development
of the Light Learning Unit (LLU). The last phase, implementation and evaluation of
the unit, includes a section which first describes the workshop that was set up to
introduce the LLU to the teachers. It then describes the data collection process and
analysis in each phase of the study. Finally, the researcher discusses the ethical
concerns and techniques used to enhance the trustworthiness of the research results of

this study.

Research Framework

The research study is divided into three phases: the exploratory phase, the

design and development of the unit, and implementation and evaluation of the unit.

The exploration phase focuses on the exploration of the current state of
teaching and the learning of the concept of light in the academic year 2005, and Thai
students’ understanding of the concept of light in the academic year 2006. The
procedure of this phase, the current state of teaching and learning the concept of light,
is first explored by a questionnaire called the “Current State of Teaching and Learning

the Concept of light (CSTLL). The teachers filled out the CSTLL and 3 of them were
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randomly selected to participate in in-depth interviews on the current state of teaching
and learning the concept of light. Second, the exploration of the students’
understanding of the concept of light was measured by testing. Three classes from
three schools took the Light Diagnostic Test (LDT) in November 2006. The students

were selected from one class of each selected teacher.

The designing and development of the unit phase focuses on the design and
development of a unit called the Light Learning Unit to promote scientific
understanding of the concept of light. The unit was designed from March-November,
2007 under the supervision of a research committee which consisted of three
university lecturers, one from the faculty of science, and the other two from the
faculty of education who had expertise in curriculum planning and design, pedagogy,
and assessment and evaluation. Based on the test and survey results from the
exploratory phase, the guidelines for school science curriculum were developed from
the National Science Curriculum Standards (IPST 2002), student backgrounds, Thai

classroom contexts, and school policies.

The unit implementation and evaluation phase examines how and to what
degree Thai science teachers are able to implement the Light Learning Unit.
In November 2007, a workshop was set up for the Grade 8 Science teachers who
would be participating in the first phase of the study. The workshop aimed to
introduce the use of the LLU and asked teachers to comment and make suggestions.
In December 2007, in the second semester of the academic year 2007, the LLU was
implemented by three teachers. The researcher conducted a multi-site case study to
examine how the implementation of the LLU in the classroom setting could enhance
student scientific understanding of the concepts of light. In conducting a case study,
participants’ observations were the key data gathering method used. Using
participants’ observations, multiple measures and data sources such as testing,
interviewing, classroom observation, were combined to make meaning of what had
happened in the classroom setting to answer the research questions. This data was

used to evaluate the effectiveness of the unit in terms of the promotion of scientific
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understanding and student and teacher satisfaction. The phases of study, research

questions, data collection, and timeline are summarized in Table 3.1.

Table 3.1 Data sources and timeline of the implementation of the unit

Phases of the Stuo!y and Participants Data Sources Timeline
Research Questions
Exploratory Phase
RQ1: How do Thai teachers 37 science Questionnaire, and November
typically teach the concept teachers for Interview questions 2005
of Light in grade 8? the
questionnaire
3 of them to
be
interviewed
3 grade 8
science
teachers
RQ2: How do Thai students 114 students  Light Diagnostic November
understand the concept of from three Test (LDT) 2006
Light? schools in
Bangkok
Unit Design and Designing the LLU  March-
Development Phase unit November,
2007
Unit Implementation and
Evaluation Phase
RQ3: How and to what 3 science 21 Classroom December
degree are Thai science teachers observations, 21 2007
teachers able to implement field notes, 24 -
the Light Learning Unit teacher reflections,  February
(LLU)? 3 teacher focus 2008
group meetings, 9
students’ reflection,
and interviews
RQ4: How does teacher 9 eighth grade 9 concept tests and ~ December
implementation of the Light  students from classroom 2007 -
Learning Unit (LLU) 3 schools (3 in observations, 9 February
influence students’ scientific each school) samples of student’s 2008

understanding of light?

work sheets
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Data Gathering Methods

This section presents all data sources, data collection, and data analysis used in

three phases of the study. The data sources used in this study include:

1.

Light Diagnostic Test (LDT)

The Current State of Teaching and Leaning the Concept of Light
Questionnaire (CSTLL)

Interview questions to explore Current state of Teaching and Leaning the

Concept of Light

Light Learning Unit (LLU)

. Workshop and Teaching Support Meeting

Classroom observation

Light Concept Test (LCT)

Writing Reflection sheet from students

Students’ work sheets

Light Diagnostic Test (LDT)

The Light Diagnostic Test (LDT) is a test which was completed by 114 eighth

grade students to determine their understanding of the concept of light. The Light

Diagnostic Test (LDT) was designed to determine the students’ understanding of

Light in schools under the Bangkok Metropolitan Administration in the 2006

academic year. There were 27 items in LDT. This test probed students’ understanding

of eight concepts: the nature of light, the reflection of light, the Curve Mirrors, the
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refraction of light, image formations from lenses, optical instruments, color, and light
intensity and seeing. Some items on the test were adapted from previous research
(Anderson and Karrqvist, 1983). LDT is two-tier. To complete the test, the students
first chose the right answer and then chose or wrote down the correct reason that
corresponded to multiple choice answers. The students’ responses and explanations
related to light concepts were analyzed into four categories. These were: scientific
conception (SC), partial scientific conception (PSC), alternative conception (AC), and

no response (NR).

The Current State of Teaching and Leaning the Concept of Light Questionnaire
(CSTLL)

The Current State of Teaching and Learning Light Questionnaire (CSTLL
Questionnaire) was designed to explore the current state of teaching and learning the
concept of light in schools under the Bangkok Metropolitan Administration in the
2005 academic year. The questionnaire consists of three parts: personal data, teaching
and learning light, problems, and teachers’ needs. The questionnaire was used to
gather 1) background information; 2) data on the current state of teaching and
learning which included the use of curriculum and textbooks, teaching preparation,
teaching methods, and measurement and evaluation, and 3) problems encountered
while teaching the concepts of light, and the needs of teachers related to the teaching

and learning of the concepts of light.

The format used on the first part was a checklist. The teachers were asked to
complete questions about their sex, age, highest degree, area of science they had
graduated from, experiences teaching the topic of Light, hours per week teaching
science, and workshops they had participated in. The format used on the second part
consisted of both a checklist and open-ended questions. On the checklist, teachers
were asked to complete the questions concerning the curriculum, the books they used,
preparation time prior to teaching, the role they acted while they taught, and how they
assessed their students. In the open-ended question section, they were asked to

complete the questions concerning the way they prepare their lesson plans, the
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strategies they used when they started their lessons, and how they set up activities for
their students. The format for the teachers’ problems and needs section consisted of
open-ended questions. To analyze data gathered by descriptive statistics and

percentage.

Interview Questions to Explore Current State of Teaching and Leaning the

Concept of Light

Three teachers were interviewed in-depth about 1) background information; 2)
the state of instruction including the use of curriculum and textbooks, teaching
preparation, teaching methods, and measurement and evaluation, and 3) problems
encountered when teaching the concept of light, and the needs of the teachers related
to teaching and learning. The process used to construct the teacher interview protocol

was:

1. Formulate the purpose of the interview, which was to explore the current

state of teaching and learning and the concept of light.

2. Study criteria and theories of constructing the types of questions and
responses that fit with teachers’ definitions of the exploration of the current state of

teaching and learning the concept of light.

3. Construct items regarding the exploration of the current state of teaching

and learning the concept of light.

4. Consult the committee and science teachers and examine content validity,

language, and suitability of items.

5. Revise interview protocol based on the committee’s and science teachers’

feedback and suggestions.

6. Try out interview protocol to examine the clarity of language and

suitability of items and revise again.
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7. Implement interview questions with individual science teachers.

To analyze the data, transcripts were categorized. The responses of all teachers
to each of the questions were then compared to determine similarities and differences

among teachers’ answers.

The Light Learning Unit (LLU)

For teachers, the unit is ready to use and includes lesson plans, a student
manual, instructional materials, and resources. Each lesson plan contains information
about the content, learning outcomes, teaching guidelines, instructional materials,
worksheets and suggestions on formative assessment. The content of the unit follows
the National Science Curriculum Standards (IPST, 2002). The eight concepts
regarding the topic of light include the nature of light, the reflection of light, curve
mirrors, the refraction of light, image formations from lenses, optical instruments,
color, and light intensity and seeing. The activities included in all lessons use social
interaction between the teacher and students and students and students. Group work
and whole class discussion were the main strategies of the unit. The organization of

the content and the activities of the light learning unit is shown in Table 3.2

Table 3.2 The organization of content and activities of Light Learning Unit (LLU)

Lessons Activities Hours
Lesson One: The Nature of Design a concept map about light by
Light working in groups, present the concept
map to the whole class, and discuss the
concept map. 2
Lesson Two: The Reflection Discuss the students’ experiences with
of Light reflection from a mirror. Do the reflection
experiment and draw a ray diagram. All
activities are done working in groups. 3
Lesson Three: Curve Pair discussion about curve mirrors. Do a
Mirrors reflection experiment and draw a ray

diagram. All activities are done working
in groups. 2




Table 3.2 (Continued)
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Lessons

Activities

Hours

Lesson Four: The Refraction Answer a question about refraction to

of Light

Lesson Five: Image
Formation From Lenses

Lesson Six: The Optical
Instruments

Lesson Seven: Color

Lesson Eight: Light
Intensity and Seeing

determine prior knowledge. Do the
refraction and formation of rainbow
experiments and draw a ray diagram. All
activities are done in groups.

Answer the questions about image
formation from lenses to determine prior
knowledge. Do the image formation from

lenses experiment and draw a ray diagram.

The students will use a computer program
about image formation from lenses and
watch a movie clip about image formation
from lenses. All activities are done in
groups.

Answer the questions about the optical
instruments to determine prior knowledge.
Then, design and construct simple optical
instruments and present the results to the
whole class.

Answer the questions about color to
determine prior knowledge. Do the color
experiment. The students will use a
computer program and watch a movie clip
about color. All activities are done in
groups.

Answer the questions about light intensity
and seeing to determine prior knowledge.
Then, design an activity about light
intensity and seeing and present it to the
whole class.

Workshop and Teacher Support Meeting

Three eighth grade science teachers who participated in the exploratory phase

were asked to implement the unit. Before implementing the unit, the researcher set up

a one day workshop during the first week of November 2007 to demonstrate the

lessons for the teachers. Then, the researcher set up two meetings (the last week of

January 2007 and the first week of March 2007) with the teachers to hear the results

of the unit implementation from the teachers and also to understand the problems each
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teacher faced during their implementation. The teachers were given an opportunity to

ask questions about the unit regarding either the demonstration or the materials.

Classroom Observation

Classroom observation was an important method used to gather data to answer
the third research question. It started in three schools in December 2007, during the
second semester of the 2006 academic year. It was used to investigate how and to
what degree Thai science teachers are able to implement the Light Learning Unit
(LLU). The researcher observed eight lessons of all grade 8 classes in all schools by
himself. Before implementation, the researcher had visited the classrooms to build the
rapport with the students and tried to become part of the class. The following process

was used to obtain the observation data:

1. Construct classroom observation field notes to see how participating
teachers implement the Light Learning Unit (LLU) and how students learn using the
units.

2. Identify the purpose of each observation that is to be examined.

3. Study the criteria and theories of constructing the classroom observations

and analyze the characteristics of what will be observed.

4. Revise field notes.

5. Observe 3 eighth grade classrooms.

To analyze the data, the researcher coded and categorized the data and then
developed a set of categories from the data. Then, the categories were refined, finding

the relationships and patterns across the categories to understand the teachers’

implementations being studied.
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Interview questions to explore implementation and learning while using the
Light Learning Unit (LLU)

Teachers were asked about the teacher’s role, student’s role, teaching
approaches, teaching activities, materials and media, questioning and assessment
strategies used by teachers, and responses and participation of students in the
classroom. Moreover, teachers were asked what their satisfaction level was regarding
the lesson when they use the unit and any problems or suggestions they had. The

process of constructing the teacher interview protocol was:

1. Formulate the purpose of the interview which is to explore the

implementation and learning while using the Light Learning Unit (LLU).

2. Study criteria and theories of constructing different types of questions and

responses that fit with teachers’ definitions of implementation and learning.

3. Construct items about implementation and learning units.

4. Consult the committee and science teachers and examine content validity,

language, and suitability of items.

5. Revise interview protocol based on the committee’s and science teachers’

feedback and suggestions.

6. Try out the interview protocol to examine the clarity of language and

suitability of items and revise again.

7. Implement the interview protocol with individual science teachers.
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To analyze the data, the transcripts were categorized. The responses to each
question from all of the teachers were then compared to determine the similarities and

differences between the teachers’ answers.

Light Concept Test (LCT)

LCT is a concept test that was used 2 times, before and after the implantation
of the unit, like a pre-test and post test. There were 27 items like those in the LDT.
This test probes student understanding of eight concepts: the nature of light, the
reflection of light, the curve mirrors, the refraction of light, image formations from
lenses, optical instruments, color, and light intensity and seeing. Some items on the
test were adapted from previous research (Anderson and Karrqvist, 1983). The LCT is
a four choice multiple test. The students’ responses and explanations related to light
concepts were analyzed into four categories. These were: scientific conception (SC),

partial scientific conception (PSC), misconception (MC), and no response (NR).

The steps used to construct the Light Concept test (LCT) were:

1. Define the content framework of light with a concept map.

2. List proportional knowledge statements and agree that concept maps and

the proportional knowledge statements are accurate (Treagust, 1988, 1995).

3. Review related documents and text books concerning the concepts of light.

4. Construct tables of specification.

5. Construct the test.

6. Consult the committee to examine content validity, correctness, and

the suitability of the questions on the test.
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7. Revise the test.

8. Preparation.

Writing Reflection Sheet from Students

Students wrote down their reflections focusing on teaching and learning in the
classroom, and their feelings about the teaching of their teachers, and their level of
satisfaction while in the classroom. The teachers allowed their students to write their
reflections after finishing all of the lessons. To analyze the data, the researcher coded
and categorized the data and then developed a set of categories from the data. He then

refined the categories to find relationships and patterns.

Students’ Work Sheets

Three focused students of each school’ worksheets were used to reflect their
understanding of the concepts about light. The students wrote their thought in the
worksheets in the students’ book. The students’ worksheets used to support as an

evidence for the Light Concept Test (LCT).

Ethical Concerns

In this study, ethical concerns are an important topic. Informed consent,
confidentiality, and the safety and welfare of the participants were used in the study.
Before the collection of data, the researcher and all participants including both
teachers and students were informed about the purposes and procedures of the
investigation. Moreover, the students were guaranteed that their answers would not
have any effect on their scores or grades. All teachers and students were addressed
using pseudonyms. The researcher avoided any harassment of the participants. For
example, the researcher did not threaten students, teachers, or people who were
involved in any steps of the research procedure. All participants were informed that

they had a right to participate or withdraw from any step of the study. At the end of
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the study, the researcher reported his findings to the participants and asked the

participants to give permission to publish those findings.

Techniques Used to Enhance the Trustworthiness of the Research Results of this
Study

In addressing credibility, the researcher attempted to demonstrate that a true
picture of the phenomenon under scrutiny is being presented by using data
triangulation. Data triangulation is a method to enhance credibility by crosschecking
the findings between time, space, and persons. An example of data triangulation in
this study was the use of multiple methods of data collection. These methods included
teacher interviews, a student diagnostic test, student writing reflection, classroom

observations, and students’ work.

To allow transferability, the researcher provided sufficient details of the
context of three schools and backgrounds of the teachers’ and students’ achievements
to decide whether the prevailing environment was similar to another situation and

whether the findings could justifiably be applied to another setting.

To allow the dependability, researchers should at least strive to enable a future
investigator to repeat the study. To do so, the researcher reported any and all changes
during the study to allow the reader to understand what factors were changed, in what

context the changes were made, and how those changes were interpreted.

Finally, to achieve confirmability, researchers must take steps to demonstrate
that findings emerge from the data and not their own predispositions. This means that
all the facts in the study presented can be tracked to their source and the logic used to

interpret the facts can be confirmed by the advisory committee.
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Summary

An interpretive methodology was used in this study because it suits the
research questions which involved the study and understanding of the experiences and
perspectives of the participants including student conceptions and teachers’ teaching
in natural settings and interpreting these phenomena from multiple perspectives. This
study used multiple data methods. To interpret the data, qualitative data analysis
methods including triangulation were used. The criteria developed by Lincoln and
Guba (1985) were used to ensure the trustworthiness of the findings. Ethical concerns
were also addressed in the chapter. The next chapter (Chapter 4) presents the results
from Phase I of this study concerning the students’ understandings about Light and

the situation regarding teaching and learning about Light.



CHAPTER IV

EXPLORATORY PHASE

Introduction

This chapter presents the results and discussion of two studies. The first was
on teachers’ opinions on the current state of teaching and learning the concept of light
in Thailand in the academic year 2005. The participants were 37 science teachers in
schools under the Bangkok Metropolis Administration (BMA). Science teachers
completed the questionnaire in November, 2005 and 3 of 37 teachers were selected to
be interviewed about 1) background information 2) the current state of teaching and
learning which included the use of curriculum and textbooks, teaching preparation,
teaching methods, and measurement and evaluation, and 3) problems encountered
when teaching the concepts light and the needs of the teachers related to teaching and
learning the concepts of light. The three teachers were selected because they were
willing to be interviewed in-depth and willing to implement the Light Learning Unit
(LLU). The second study was on students’ understanding of the concepts of light. 114
students of three selected teachers were asked to complete the Light Diagnostic Test
(LDT) in November 2006 in schools under the Bangkok Metropolitan Administration
(BMA) in the academic year 2005. The three classes were from public lower
secondary schools consisting of mixed ability and gender Grade 8 students (13-14
years old). There were 26-42 students per class who had studied the concepts of light.
The students were taught about the concept of light for five weeks following the
National Science Content Standards and School-based Curriculum. At the end of this

chapter, the implications of the findings for teaching and learning are discussed.

The State of Teaching and Learning the Concept of Light

This phase of the study focused on the current state of teaching and learning

the concept of light by 37 eighth grade science teachers in schools under the Bangkok
Metropolitan Administration (BMA) in the 2005 academic year. The researcher sent a
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questionnaire to 58 teachers from 58 schools from October-December 2005. Thirty-
seven completed questionnaires from 37 teachers were returned to the researcher,
63% of the completed questionnaires. Then, the researcher selected 3 teachers to be
interviewed in-depth regarding the current state of teaching and learning the concept
of light. The three selected teachers were a purposive sampling and they were willing
to be interviewed in-depth. They wanted to develop their social constructivist teaching
skills and wanted to participate in the implementation of the light learning unit (LLU).
The three selected teachers were interviewed about 1) background information, 2) the
current state of teaching and learning the concept of light which included the use of
curriculum and textbooks, teaching preparation, teaching methods, and measurement
and evaluation, and 3) problems encountered and the needs of the teachers when

teaching the concepts of light in the academic year 2005.

Results

This section presented the results of the questionnaire and teacher interviews
regarding the current state of teaching and learning the concept of light. The results of
the questionnaire are shown in terms of 1) background information, 2) the current
state of teaching and learning which included the use of curriculum and textbooks,
teaching preparation, teaching methods, and measurement and evaluation, and 3)
problems encountered when teaching the concepts of light and the needs of the
teachers related to teaching and learning in the academic year 2005. Following are

details of the results.

Background Information

The results from the questionnaire showed that seventy-six percent of the
teachers were female and twenty-four percent were male. The majority of teachers
were from 26 to 30 and 31 to 35 years old, had less than 6 years of experience
teaching the concept of light, had bachelor’s degrees in science as their highest
degree, and taught science 16-20 hours per week. They also taught other disciplines

including mathematics, health science, physical science, and vocational education.
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Only 19 percent of the teachers had participated in the concept of light workshop and
24 percent had participated in the teaching preparation workshop which included
ways to develop lesson plans, and how to use the activities in the classroom. Three
teachers out of 37 were interviewed. These 3 teachers, Sompong, Pranee, and
Chaichana, wanted to develop their social constructivist teaching skills and wanted to
participate in the implementation of the Light Learning Unit (LLU). Following are

details of the background information of the three teachers from the interview.

Sompong was a male lower secondary school teacher. He usually taught the
seventh and eighth grade. He had 10 years of experience teaching science and 4 years
of experience teaching the concept of light. He had a teaching workload of 18 hours
per week. He was a classroom teacher and was involved in preventing and solving
students’ problems. He was 35 years old and had a bachelor’s degree in education
with a major in biology. He had participated in a concept of astronomy workshop, but
had never participated in any concept of light teaching workshops. For that reason, he
skipped some topics when he taught the concept of light including the curved mirror,
and the calculation of image formation including the focus and distance of an image

and the drawing of a ray diagram from both mirrors and lenses.

Pranee was a female lower secondary school teacher. She usually taught
eighth grade. She had 15 years of experience teaching science and 2 years of
experience teaching the concept of light. She taught grade 8 science and health
science. She had a teaching workload of 16 hours per week. She also was a classroom
teacher and school activity teacher. She was 40 years old. She had a bachelor’s degree
in education and her major was biology. She had never participated in any workshop
involving the concept of light or teaching the concept of light at all. She admitted that
she had no confidence teaching the concept of light. Sometimes, when teaching, she
skipped some concept of light topics including the curve mirror, calculations about
image formation including focus and the distance of an image, and the drawing of a
ray diagram from both mirrors and lenses. Sometimes, she invited other teachers who

were familiar with advanced concepts to teach to her students.
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Chaichana was a male lower secondary and high school teacher. He usually
taught the seventh, eighth and eleventh grade students. He had 16 years of experience
teaching science and 6 years of experience teaching the concept of light. He had a
teaching workload of 20 hours per week. He also was a classroom teacher, a teacher
assigned to prevent and solve student problems, and he had responsibility for Army
Reserve Force students. He was 45 years old. He had a bachelor’s degree in
education, his major was biology, and he had a master’s degree in botany. He had
never participated in any workshop regarding the concept of light or taught the
concept of light.

The Current State of Teaching and Learning the Concept of Light

The current state of teaching and learning the concept of light is presented in
terms of the use of curriculum and textbooks, teaching preparation, teaching methods,
and measurement and evaluation. Following are the details of the current state of

teaching and learning.

The Use of Curriculum and Textbooks

All 37 science teachers used the school curriculum that is based on the
IPST Science Curriculum. Regarding textbooks, most of the teachers (59%) used
science textbooks from private publishers. Ten percent of the teachers used both IPST
science textbooks and textbooks from private publishers. One percent of the teachers

used only the IPST science textbook.

All three of the interviewed teachers used the school curriculum,
based on IPST standards, as a core curriculum. Chaichana and Sompong used the
textbook from ISPT, but Ms. Pranee used textbooks from various publishers. Pranee
thought that the IPST textbook was not intensive enough in its content. For example,
the students should know about the concept of color, but concepts of color are not

covered in the IPST textbook
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Teaching Preparation

Most of the teachers (81%) usually spent 2-10 hours each week to
prepare their lessons. The process of the preparation had two steps. First the teachers
looked at the whole content from the science textbook and then matched the content
with the IPST Science Curriculum Standard. After that, they wrote their lesson plans
which included the learning objectives, main ideas, instructional processes, materials,
equipment and learning resources, assessment, and the teachers’ journals, which were

completed after their teaching was finished.

All of the three interviewed teachers spent 2-10 hours each week to
prepare their lessons. Pranee looked at the whole content from the science textbook.
Then she wrote down her conclusions. After that, she wrote her lesson plan which
included the learning objectives, main ideas, instructional processes, materials,
equipment and learning resources, assessment, and her teaching journal. Sompong
and Chaichana looked at the whole content from the science textbook and then
matched the content with the IPST Science Curriculum Standards. After that, they
wrote their lesson plans which included the learning objectives, main ideas,
instructional processes, materials, equipment and learning resources, assessment, and
their teaching journals. Sometimes, they performed the planned experiments

themselves prior to teaching their lessons.

Teaching Methods

To start the lesson, most of the teachers (59%) discussed the concepts
that the students had studied in the previous period and sometimes administered pre-
tests to encourage the students to think and to be prepared to study the intended
concepts. The teachers used about 13-18 hours total to teach the concepts of light.
They taught 6 concepts including the reflection of light, image formation by lenses
and mirrors, refraction of light, optical instruments, seeing and light intensity. There
are only 2 teachers who did not teach the concept of light intensity. When they taught

the concept of the reflection of light, refraction of light, and image formation by
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mirror and lens, most teachers (67%) used experiments as their teaching strategy.
When they taught the concepts of the application of the refraction of light, seeing, and

light intensity, most teachers (45%) used lectures as their teaching strategy.

On the questionnaire, the researcher asked the teachers to indicate their
teaching methods when teaching the concept of light. All teachers used lecturing,
demonstrating, and experimenting. Among the three teachers who were interviewed
and willing to participate this study, Pranee used both lecturing and experimentation.
She explained, “I let my students write a report before they studied the concept.
Then, I let them determine if the report they had completed and the results from the
experiment were the same or different. Finally, we had question and discussion period

about the concept.” (Pranee’s interview, November, 2006)

Regarding his teaching strategy, Chaichana said, “When I teach the
concept of light, I usually gave my students some knowledge before teaching. Then I
let my students do the experiment and a presentation. I am concerned that my
students have to do all of the activities cooperatively.” (Chaichana’s interview,

November, 2006)

Sompong said, “First, I gave the students some idea about the topic of
light by explaining the content because my students had low attention spans, then I let
them do the experiment to support the content that I had given them.” (Sompong’s

interview, November, 2006)

Measurement and Evaluation

All of the teachers assessed their students’ learning by observing,
testing, and reviewing students’ homework or notebooks. The teachers also used lab
reports and presentations as student tasks. They used observation records to check
student participation while doing activities, both individually and in groups, and they

also used peer assessment.
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Pranee used pretests and posttests, students’ homework or notebooks,
student presentations, lab reports, and students’ presentations, as teaching strategies.
Pranee also used the performance assessment. She compiled the observation records
by herself to assess her students’ learning. Sompong and Chaichana used pretests and

posttests.

Problems Encountered upon Instructing the Concept of Light and the
Needs of the Teachers

Followings are details of the problems encountered upon instruction of the

concepts of light and the needs of the teachers.

Problems Encountered upon Instructing about Light

Most teachers (81%) faced the problem of a lack of content
knowledge. Fifty-seven percent of the teachers had problems writing lesson plans.
Eighty-one percent of the teachers lacked new teaching strategies and equipment,
materials, and learning resources. When the researcher asked the teachers which was
the most difficult concept of light to teach, 68 percent of them thought that image

formation from mirror and lens was the most difficult. Details are shown in table 4.1

Table 4.1 Percentages of the teachers choosing the topics of light which they found
difficult to teach to their students

Concept of Light Percentages
Image formation from mirrors and lenses 68.9
The refraction of light 44.8
The reflection of light 41.3
Seeing 344
Light intensity 31.0

The application of refraction of light 27.5
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The three interviewed teachers, Pranee, Sompong and Chaichana, also
had a lot of problems when they taught the concept of light. Pranee thought that she
had problems with the content. She said, “After two years teaching the concept of
light, I feel that this concept is hard to understand and to teach. The students don’t
want to study it because it is difficult. For me, I don’t want to teach the calculations
needed to find the quantity of lenses. For example the focal length, and the image
distance. 1 feel that I do not have expertise regarding this concept”. (Pranee’s

interview, November, 2006)

Chaichana and Sompong also agreed with Pranee about the problems
they encountered when they taught the concept of light. Chaichana said, “The concept
of light is difficult for both teachers and students. To understand this concept, the
students have to understand the basic concept first and the students should have

necessary mathematical skills.” (Chaichana’s interview, November, 2006)

When the researcher asked the teachers which were the most difficult
concepts of light to teach, three of them had the same answer. They thought that

image formation from mirrors and lenses was the most difficult concept.

Needs of the teachers

Most of teachers (89.1%) needed to know more about content
knowledge. When the researcher asked the teachers which concepts of light they
needed to know the most about, most of the teachers (70.27%) said that they needed
to understand image formation from mirrors and lenses, followed by the application

of refraction of light (54.1%), and the refraction of light (51.3%).

Fifty-seven percent of the teachers needed to know more about writing
lesson plans. Eighty-one percent of the teachers needed to know more about new

teaching strategies, equipment, materials, and learning resources.
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Among the three teachers who were interviewed, Pranee needed to
know more about content knowledge, and Sompong and Chaichana needed to know

more about new teaching strategies, equipment, materials, and learning resources.

Discussion

This research study is the study of the current state of teaching and learning
which included the use of curriculum and textbooks, teaching preparation, teaching
methods, and measurement and evaluation, and also problems encountered upon

instructing about light and needs of the teachers related to the teaching and learning.

The result of this research is consistent with the study of Boonchoob (2000)
and Meinoratha (1997) which found that most of science teachers were female. This
research is also consistent with Rodlong (1986) which found that the majority of
science teachers graduated with a bachelor's degree majoring general science and this
is appropriate to teach lower secondary school science class because teaching science
in lower secondary school requires knowledge of all science disciplines together with
science content from primary education through high school. Moreover, science
teachers have to teach other subjects, such as mathematic, health science, physical
science and vocational education. This is consistent with research of Meinoratha

(1997) and Rodlong (1986).

For use of curriculum and textbooks, the result of this research is consistent
with the research of Meinoratha (1997) which found that science teachers used the
curriculum of the Institute for the Promotion of Teaching Science and Technology

(IPST.).

For the use of science textbook, this study found that most teachers used the
IPST science and private publisher textbooks. For the teaching preparation, the result
of this research is consistent with research of Meinoratha (1997) which found that
science teachers spent approximately 2-10 hours a week for teaching preparation by

studying the content in textbook and Teacher Guide book. Teaching Preparation is
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important because it gives teachers more confidence to teach. But research is not
consistent with the study of Rodlong (1986) which found that the majority of teachers
(57.1%) didn’t spend time for teaching preparation because teachers have many
responsibilities and tasks. To start the lessons, the result found that teachers reviewed
the concept from the previous period. The teachers didn’t connect the student prior

knowledge to the new concept.

The use of teaching methods was consistent with the research of Meinoratha
(1997) and Rodlong (1986). The teacher used lecture, demonstration and experiment.
Considering of prior knowledge, hand on and mind on activities can help the students
have a better understanding by doing experiment. This result is the same as the study
of Tinsandee (2004), Pulputsa (2004) and Taraban et al. (2006). For the measurement
and evaluation, the results of this research is consistent with research of Meinoratha
(1997) and Chotisoot (2003) which found that science teachers used various kinds of
assessment including pretest and posttest, students’ homework or notebooks, lab

report, the student’s presentation and the assignment as the report, student task.

The use of various kind of assessment is consistent with IPST (2002) which
stated that science should assess both knowledge and process skills as well as the
attitude towards science. Moreover, this study was consistent with Jonassen (1992)
which said that measurement and evaluation should be part of the process of teaching.
So, the use of a variety of assessments is to help students develop a better learning
(Black and Wiliam, 1998; White and Frederiksen, 1998). For problems and needs of
teachers, teachers needed equipment, material, and learning resources. The result of
this research was consistent with the research of Meinoratha (1997) and Rodlong
(1986) which found that science teachers needed equipment, material, and learning

resources.

Not only the current state of teaching and learning the concept of light but also
the students’ prior knowledge is influential to their understanding the concepts of

light. The following section presents students’ prior knowledge is influential to their
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understanding the concepts of light and also discussed how it affected on their

learning.

Students’ Understanding of the Concepts of Light

This phase of study focused on students’ understanding of the concepts of
light. The students in three classes in three lower secondary schools taught by three
selected teachers were asked to complete the Light Diagnostic Test (LDT) in
November 2006 in schools under the Bangkok Metropolitan Administration (BMA) in
the academic year 2005. The three classes were in public lower secondary schools
consisting of mixed ability and mixed gender grade 8 students (13-14 years old).
There were 26-42 students per class. They had studied the concepts of light. The
students were taught by teachers during a 5-week unit on the concepts of light
following the National Science Content Standards and School-based Curriculum. The
following sections report on the results of the students’ understanding of the concepts

of light.

Results

This section shows the percentage of students who selected scientific, partial
scientific concepts, alternative conceptions, and no response to the concepts of light
from the Light Diagnostic Test (LDT). The concepts of light include Nature of Light,
Image Formation, Refraction of Light, Optical Instrument, Color, and Seeing.

Following are the details of students’ understanding of the concepts of light.

The Nature of Light

There are three sub concepts which make up the concepts of the Nature of

Light: the travel of light, light source, and media of light. Table 4.2 shows the

students’ understanding of each sub-concept of the nature of light.
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Table 4.2 Percentages of students’ understanding in each sub concept of nature

of light

Percentages of the Students’ Understanding
Partial

Scientific Scientific Alternative No
Nature of Light Concepts Concept Concept Conception Response
Travel of light 45 0 53 2
Light source 3 0 94 3
Media of light 8 43 44 5

To determine students’ understanding of the travel of light concept, the
researcher let the students choose the sentence which explained how far light goes and
why. Forty-five percent of the students chose the concept that states that light can go
further and further until it is blocked by something. Fifty-three percent of the students
held the alternative conception that light only travels as far as it is visible, that light
travels as far as possible, and that light travels until it is out of energy. Two percent

of the students did not respond to the question.

Regarding the light source concept, three percent of the students believed the
scientific concept that light emanates, leaving each point of the light source, and
propagates, diverging in all spatial directions. On the other hand, 94% of the students
held the alternative conception that light is an entity which is located in space (a
region around the light source), light from a luminous object travels only as far as it
can illuminate the area surrounding the luminous object, light fades away with
distance from the source, light goes out only in a radial direction, or each point on a
luminous object emits light in one direction. Three percent of the students did not

respond to the question.

Regarding the media of light concept, the researcher presented a situation to
the students concerning the three media and showed the amount of light that could
pass through them. The students were asked to classify which of the media was
transparent, translucent, or opaque. Eight percent of the students demonstrated an

understanding of the scientific concept because they chose the correct answer calling
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an object that can block light an opaque object, calling an object that allows light to
totally pass through it a transparent object, and calling an object which allows light to
partially pass through it a translucent object. Forty-four percent of the students held
alternative conceptions because they did not choose the correct answer. Some of
them thought that light can partially pass through an opaque object. Forty-three
percent of the students had a partial understanding of the concept because they
thought that light can pass through both transparent and translucent objects, but they
incorrectly believed that there is no difference between transparent and translucent

objects. Five percent of the students didn’t respond to the question.

The common alternative conceptions of the nature of light are summarized as

follows:

- Light travels as far as it is visible or light travels as far as it is possible.

- Light travels as far as possible until it is out of energy.

- Each point on a luminous object emits light in one direction.

- Light from a luminous object travels only as far as it can illuminate the

area surrounding the luminous object.

- Light fades away with distance from the source.

- Light can pass through an opaque media.

- There is no difference between transparent and translucent objects.

Image Formation

There are three sub concepts that make up the concept of image formation

including image formation by a plane mirror, a curved mirror, and a lens. Table 4.3
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shows the students’ understanding of each sub concept of image formation by a plane

mirror, a curved mirror, and a lens.

Table 4.3 Percentages of students’ understanding of each sub concept of image

formation
Percentages of the Students’ Understanding
Mirror and Lens Concepts Scientific P_artl_al_ Alternative No
Concept Sclentific Conception Response
P Concept P P
Image formation by plane mirror
1. Image formation by a
plane mirror lies behind
the mirror 4 0 89 7
2. Image is a left-right 75 0 73 )
reversal
Image formation by a curved
mirror
1. Concave mirror 26 0 61 13
2. Convex mirror 23 0 61 16
Image formation by a lens
1. Ilmage formation by lens 26 0 46 73
2. gmage formation by lens 16 0 60 24

Regarding the concept of image formation by a plane mirror, 24.5 percent of
the students believed that the image lies behind the mirror. Eighty-nine percent of the
students held this alternative conception because they thought that an object has its
image behind the surface of the mirror in a position in front of the observer. Seven

percent of the students did not respond to the question.

Regarding the concept of image formation by plane mirror, the image is a left-
right reversal. Twenty-five percent of the students held this scientific concept.
Seventy-three percent of the students held the alternative conception because they
thought that the image of the object was exactly the same as the actual object. Two

percent of the students did not respond to the question.
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Concerning the concept of image formation by a curved mirror, the researcher
let the students explain where the image existed and the size of the image. He asked
them to calculate the focal length of the concave mirror when the researcher put the
object between the focal point (f) and 2f by the concave mirror. Twenty-six percent of
the students believed the correct concept because they knew that the image existed
between 2f to infinity and the image would be bigger than the actual object. Sixty-one
percent of the students held a alternative conception because they thought that the
image existed between the focal point (f) and 2f, and that the image would be the
same size as the actual object. Thirteen percent of the students did not respond to the

question.

There was one more question about image formation by a curved mirror. The
researcher gave a situation where the object was placed 0.05 meters in front of the
curved mirror. Therefore, the virtual image would exist 0.1 meters behind the mirror.
The researcher asked the students if the curved mirror was concave or convex and
asked them to calculate the focal length of the curved mirror. Twenty-three percent of
the students could calculate the focal length, which was 0.1 meters, and they could
explain that the curved mirror was concave. Sixty-one percent of the students believed
the alternative conception because they chose the wrong answer. Thirteen percent of

the students did not respond to the question.

On the topic of image formation by a lens, the researcher presented a situation
where an object was placed 0.18 meters in front of the lens. Therefore, the image
existed 0.06 meters in front of the lens. The researcher asked the students if the lens
was a converging or diverging lens and asked them to calculate the focal length and
the magnification of the lens. Twenty-six percent of the students correctly calculated
the focal length of 0.09 meters, and they could explain that the lens was a converging
lens. They could also explain that the magnification of the lens was 1/3. Forty-six
percent of the students held a alternative conception because they chose the wrong

answer. Twenty-eight percent of the students did not respond to the question.
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There was one more question about image formation by a lens. The researcher
gave a situation where an object was placed 0.1 meters in front of a converging lens
with a focal length of 0.05 meters. The researcher asked the students to find the types
of image, the image distance, and the magnification of the lens. Sixteen percent of the
students correctly calculated the image distance of 0.1 meters, could explain that the
image was a real image, and that the magnification of the lens was 1. Sixty percent of
the students held a alternative conception because they chose the wrong answer.

Twenty-four percent of the students did not respond to the question.

The common alternative conceptions about image formation by a plane mirror,

a curved mirror, and a lens are summarized as follows:

- The image of an object is on the mirror surface.

- An object has its image behind the surface of the mirror in a position in

front of the observer.

- The image of an object is exactly the same as the actual object.

- When the object is between the focal point (f) and 2f of the concave
mirror, the image exists between the focal point (f) and 2f and it would be the same

size as the actual object.

The Refraction of Light

There are three sub concepts used to measure the concepts of the refraction of
light: refraction, the refraction of a prism, and refraction when the incident light rays
are perpendicular to two medium. Table 4.4 shows the students’ understanding of

each sub concept of the refraction of light.
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Table 4.4 Percentages of students’ understanding of each sub concept of the

refraction of light

Percentages of the Students’ Understanding

Refraction of Light Concepts Scientific Pgrtl_al_ Alternative No
Concept Scientific Conception Response
Concept
The refraction of light
1. the refraction of light 1 17 0 82 1
2. the refraction of light 2 16 0 84 0
The refraction of a prism 8 4 87 1
The refraction that occurs
when the incident light rays 1 7 77 5

travel perpendicularly to two
medium

Regarding the concept of the refraction of light, the researcher let the students
chose the possible refracted ray that expressed the refraction of light when light
traveled from oil into water. Seventeen percent of the students chose the correct
refracted ray that expressed the refraction of light when light traveled from oil into
water. Eighty-two percent of the students held alternative conceptions because they
did not choose the correct refracted ray. Only 1 percent of the students had no

response.

On another question, the students were asked to point to the location of an
image of a fish when the observer stood on the bank. Sixteen percent of the students
chose the correct answer and reasoned that when they observed the fish, it would have
appeared to have been shallower than it actually was because of the refraction of light.
Eighty-four percent of the students had the alternative conception that when they saw
the fish, they would have seen the image of fish appearing deeper than it actually was
because the speed of light through the water is faster than the speed of light through

the air.

Regarding the concept of refraction of a prism, the researcher let the students

choose a picture and give reasons for the refraction of light when light travel into a
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prism. Eight percent of the students chose the correct picture and gave the correct
reason for the refraction of light when light travels into prism. They thought that when
white light travels through a prism, the angle of refraction is different for different
colors of light. Purple is refracted the most and the red is refracted the least. Eighty-
seven percent of the students held alternative conceptions because they did not choose
the correct picture and the correct reasons to explain why purple light is the least
refracted and red light is the most refracted. Four percent of the students had partially
correct scientific conceptions because they chose the picture which expressed the
refraction of light, but they thought that the spectrum of a rainbow made by a prism is
continuous and each color has its own exact boundary. Only one percent of the

students had no answer.

Concerning the concept stating that refraction occurs when incident light rays
travel perpendicular to two medium, the researcher let the students choose the answer
and reasons which explained what happens when light passing from one medium into
another hits the second medium at right angles to its surface. Eleven percent of the
students believed that light will not change direction when passing from one
transparent material into another if it hits the second material at right angles to its
surface. Because the front waves of the incident light travel to the medium at the same
time, refraction of light does not occur. Seventy-seven percent of the students held the
alternative conception that refraction still occurs because light travels from one
medium to another medium or there is just the transmission of light from one medium
to another. Four percent of the students had partial scientific conceptions because
they thought that the refraction of light does not occur, but that light will reflect to the

opposite side. Five percent of the students did not respond to the question.

The common alternative conceptions regarding the refraction of light are

summarized as follows:

- When students see the fish and they see the image of a fish is deeper than
it actually is because the speed of light through water is faster than the speed of light
through the air.
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- When white light travels through a prism, the angle of refraction is
different for different colors of light. Purple rays are the least refracted and red rays

are the most refracted.

- When light travels from one medium into another it hits the second
medium at right angles to its surface. Refraction still occurs because light travels from
one medium to another medium, or there is just the transmission of the light from one

medium to another.

Color

There are four sub concepts used to measure the concepts of color which
include color in white light, a colored object in colored light, color by filter, and
seeing color. Table 4.5 illustrates the students’ understanding in each sub concept of

color.

Table 4.5 Percentages of students’ understanding of each sub concept of color

Percentages of the Students’ Understanding

Color Concepts Scientific P.art'f”’ll. Alternative No
Concept Scientific Conception Response
Concept
Color in white light 2 0 95 3
Color object in color light 10 48 38 4
Color by the filter 8 0 87 5
Seeing color 8 0 88 4

Concerning the concept of color in white light, two percent of the students had
scientific conceptions about color in the white light because they knew that when
someone sees the color black, light from the object doesn’t reflect to his/ her eyes, and
when someone sees the color white, the light rays from the object reflect all of it to
his/her eyes. Ninety-five percent of the students had alternative conception regarding

the concept that the color of an object is a physical property of that object and the
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color of an object is determined by the color of light it absorbs. Three percent of the

students did not respond to the question.

Regarding the colored object in a colored light concept, the researcher let the
students choose the answer and reason which explained what happened when the
students wore striped T-shirts with white and red stripes, and green caps in a green
spotlight. Ten percent of the students held the scientific concept that they would see
themselves wearing striped T-shirts with green and black stripes, and a green cap in
the green spotlight. Thirty-eight percent of the students held a alternative conception
because they did not choose the right answer and reason. They thought that they
would see themselves wearing a green T-shirt and a green cap in the green spotlight.
Forty-eight percent of the students had partial scientific conceptions because they
thought that it was a combination of two colors. Four percent of the students did not

respond to the question.

Concerning the color by the filter concept, the researcher let the students
choose the answer and reasons which explained how a color filter works. Eight
percent of the students used a scientific concept because they chose the right answer
and reason explaining how a color filter works. They thought that the color of an
object is the color of the light that is reflected by that object. Eighty-seven percent of
the students gave a wrong answer and a wrong reason about the way a color filter
works. They thought that the function of a filter is to change the color of the

transmitted light. Five percent of the students did not respond to the question.

Regarding the concept of seeing color, the researcher let the students choose
an answer and a reason which explained what happened when the students looked at a
green object for a long time and then looked at a white wall. Eight percent of the
students held the scientific concept, stating that they would see the purple wall
because they had seen a green object for a long time which caused the green cone
cells in the fovea of the eye not to respond and the red and blue cone cells to respond.
Eighty-eight percent of the students held alternative conceptions because they did not

choose the right answer and reason. They thought that they would see a green wall
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because the brain would recognize the color they looked at the first time. Four percent

of students did not respond to the question.

The common alternative conceptions on color are summarized as follows:

The color of an object is a physical property of that object.

- The color of an object is determined by the color of the light it absorbs.

- The function of a filter is to change the color of transmitted light.

- When the students looked at a green object for a long time and then look at
a white wall, they saw a green wall because the brain recognized the color they looked
at the first time.

Optical Instrument

There are three sub concepts used to measure the concepts of optical
instruments: telescopes, microscopes, and the comparison between a camera and the
human eye. Table 4.6 shows students’ understanding of each sub concept of optical

Instruments.

Table 4.6 Percentages of students’ understanding of each sub concept of optical

Instruments

Percentages of Students’ Understanding

Optical Instrument Concepts Scientific P_artlg! Alternative No
Concept Scientific Conception Response
Concept
Telescope 17 0 68 15
Microscope 7 0 83 10

The comparison between
camera and human’s eyes 1 0 84 15




85

Concerning the concept of telescopes, the researcher let the students choose
the answers and reasons which explain how a telescope works. Seventeen percent of
the students held a scientific concept because they chose the right answer and reason.
They thought that the objective lens of the telescope made the actual upside down
image and that the eyepiece lens made the image bigger. Sixty-eight percent of the
students gave a wrong answer and a wrong reason about how a telescope works. They
thought that the objective lens of the telescope made the larger image. Fifteen percent

of students did not respond to the question.

To test students’ understanding of microscope concepts, the researcher let the
students choose the answer and reason which explained how a microscope works.
Seven percent of the students held a scientific concept because they chose the right
answer and reason. They thought that the image from the microscope was big and the
position of the actual image formed by the objective lens was less than the focal
length of the eyepiece lens. Eighty-three percent of the students gave a wrong answer
and a wrong reason about how a microscope works. They thought that the image from
the microscope was big and the position of the actual image formed by the objective
lens was more than two focal lengths of the eyepiece lens. Ten percent of the students

did not respond to the question.

To determine the students’ responses to a comparison between a camera and
the human eye, the researcher let the students select an answer and a reason to explain
whether there is a difference between the image from a camera and an image from the
human eye. One percent of the students held a scientific concept because they chose
the correct answer and reason. They thought that both the image from a camera and
from the human eye are the actual image, and that both are smaller than the real
object. Eighty-four percent of the students gave a wrong answer and a wrong reason.
They thought that there is difference between the image from a camera and the image
from the human eye. The image from the camera is the real image and smaller than
the actual object, but the image a human eye is a virtual image and smaller than the

actual object. Fifteen percent of the students did not respond to the question.
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The common alternative conceptions regarding optical instruments are

summarized as follows:

- The objective lens of a telescope makes a larger image.

- The image from a microscope is big and the position of the real image

formed by the objective lens is more than two focal lengths of the eyepiece lens.

- There is difference between the image from a camera and an image from
the human eye. The image from a camera is the real image and smaller than the actual
object, but the image from a human eye is the virtual image and smaller than the

actual object. Each point on a luminous object emits light in one direction.

Seeing

There are three sub concepts included within the concept of seeing: seeing a
candle flame, a candle stick, and the eye problem. Table 4.7 shows the students’

understanding of each sub concept of seeing.

Table 4.7 Percentages of students’ understanding of each sub concept of seecing

Percentages of Students’ Understanding

Seeing Concepts Scientific P_arng! Alternative No
Concept Scientific Conception Response
Concept
Seeing the candle flame 16 0 68 4
Seeing the candle stick 11 0 46 5
The eye problem 8 0 85 7

Regarding the concept of seeing the candle flame, the researcher let the
students choose the answer that explained how they saw the candle flame in a dark
room. They also sketched a picture to represent what they saw. Sixteen percent of the
students held a scientific concept because they chose the right answer and the correct

reason which explained how the light from the candle flame traveled to their eyes.
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Sixty-eight percent of the students gave the wrong answer and the wrong
explanation for the way they saw the candle flame. The students thought that the
reflected light from the candle flame traveled to the their eyes, the light from their
eyes traveled to the candle flame, and the light from the candle flame traveled to their
eyes and then back to the candle flame again. Four percent of the students did not
respond to the question. Figure 4.1 shows the students’ drawings that express the
correct scientific concept of seeing the candle flame )a) and their alternative

conceptions in (b) and (c).

(a) (b) (c)
Figure 4.1 The students’ drawings show their correct scientific conceptions about

seeing the candle flame (a) and their alternative conceptions in (b) and

(c)

Regarding the seeing candlestick concept, the researcher let the students
choose the answer that explained how they saw the candlestick in a dark room and
also asked them to draw a picture to represent what they had seen. Eleven percent of
the students held a scientific concept because they chose the right answer and correct
reason: that the light from the candle flame shined from the candlestick and then
reflected to the students’ eyes. Forty-six percent of the students gave the wrong
answer and reason about the seeing the candlestick concept. They thought that the
light from the candlestick traveled to their eyes, the light from their eyes traveled to
the candlestick, and the light from the candlestick traveled to their eyes and then back
to the candlestick again. Five percent of the students didn’t respond to the question.
Figure 4.2 shows the students’ drawings which illustrate their correct scientific
conceptions about seeing the candlestick (a) and their alternative conceptions in (b)

and (c).
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Figure 4.2 The students’ drawings illustrated their correct scientific conceptions
about seeing the candlestick (a) and their alternative conceptions in (b)

and (c)

Concerning the eye problem concept, the researcher let the students choose the
answer and reason that best explained what the eye problem was in the given picture.
Eight percent of the students held the correct scientific concept because they chose the
right answer and reason. They thought that the given picture illustrated
nearsightedness. When the people become nearsighted, diverging eyeglass lenses are
used to correct this condition. When the students put the diverging lens into the
eyeglasses, the lens spread the light out before it reached the eye-lens, and when the
eye-lens converged the light, the light then converged on the back of the eye to
produce the proper focus. Eighty-five percent of the students responded with the
wrong answer and wrong reason to the eye problem. They thought that the given
picture showed nearsightedness. When the students put diverging lenses into the
eyeglasses, the lens spread the light out before it reached the eye-lens, and when the
eye-lens converged the light, the light then converged on the back of the eye to

achieve proper focus. Seven percent of students did not respond to the question.

The common alternative conceptions regarding seeing are summarized as

follows:

- The reflected light from the candle flame traveled to the students’ eyes.
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- The light from the eyes traveled to the candle flame.

- The light from the candle flame traveled to the students’ eyes and then

back to the candle flame again.

- The light from the candlestick traveled to the students’ eyes.

- The light from the eyes traveled to the candlestick.

- The light from the candlestick traveled to the students’ eyes and then back

to the candlestick again.

- When the students put a diverging lens into the eyeglasses, the lens spread
the light out before it reached the eye-lens, and when the eye-lens converged the light,

the light converged on the back of the eye to achieve the proper focus.

In summary, the majority of the students had alternative conceptions about the
concept of color, refraction of light, and image formation by a mirror and lens. Many
concepts about light are connected to each other. For example, the concept of optical
instruments is connected to the concept of image formation by a mirror and lens. The
concept of seeing is connected to the concept of the reflection of light. The students
should understand the fundamental concept first, and then they will be able to

understand more advanced or more complicated concepts.

Discussion

The majority of students had both scientific conception and misconception in
all concepts about Light. In the concept of Nature of Light, The results found that the
concepts that most students had misconception are light source, media of light, travel
of light respectively. The students’ misconception about travel of light is consistent
with the findings of Andersson and Karrqvist (1983) and Sangsupata (1995). These

studies found that the students in these studies explained that light only travels as far
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as it is visible, light travels as far as it is possible, and light travels as far as it is out of
energy. The same as the concept about light source, the students’ misconception
found is consistent with the finding of Sangsupata (1995) which is found that the
students thought that light is an entity which is located in space (region around the
light source), and light goes out only in radial direction. The students’ misconceptions
may come from the students used their experiences explained what they have seen.
Moreover, the concept about the ray of light is the abstract concept (Donovan and

Bransford, 2005). So, the imagination is required for understanding of this concept.

For the concept of the image formation by mirror and lens, the results found
that the most students had misconceptions in plane mirror, lens, and Curve mirror
respectively. The students’ misconception about image formation by plane mirror is
consistent with the findings of Goldberg and McDermott (1986) and Sangsupata
(1995). The students in these studies explained that the image by plane mirror is on
the mirror instead of behind it and also they did not understand about left-right
reversal. All of misconceptions the students held may come from the instruction. So,
the teacher should be careful when he/she explained the particular concept or the
students used their experiences explained what they have seen. The same as the
concept of image formation by lens, the students’ misconception found similarly with

the study of Goldberg and McDermott (1987).

For the concept of the refraction of light, the results found that most students
had misconceptions in refraction of prism, refraction when the incident light ray
perpendicular, and refraction respectively. The students’ misconception about
refraction of light found that the students did not understand when light travel one
medium to another medium, the refraction occurs because refraction is a phenomenon
that close to students and sometime they did not notice what is going on. For example,
most of students thought that when they observe the fish, they see the image of fish is
deeper than it should be.

For the concept of Color, the result found that most students had

misconceptions in color in the white light, color by eye’s problem, color by the filter
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and colored object in colored light respectively. The students’ misconception about
color is consistent with the findings of Salley (1996). The students thought that color
is stimulated by the particular object to observer’s eyes or color is come from object
and also from light. The students held misconception because they used their
experiences explained what they have seen and they did not understand the
fundamental concept. The students did not understand the reflection of light and did
not understand the connection between reflection of light and color. The reflected

light ray may be an abstract concept.

For the concept of Optical Instrument, the result found that most students had
misconceptions in the comparison between camera and human’s eyes, microscope and
telescope respectively. The students held misconception because the students used
their experiences explained what they have seen and they did not understand the
fundamental concept. For example, the students did not understand the concept of
image formation by mirror and lens and the connection between image formation by

mirror and lens and optical instrument.

For the concept of seeing, the result found that most students had
misconception in the eye problem, candle stick, and seeing the flame candle
respectively. The students held misconceptions because they did not understand the
fundamental concept. For example, if the students do not understand the reflection of
light, the students may not understand the concept of seeing. The students’
misconception about seeing is consistent with the findings of Andersson and
Karrqvist (1983), Ramadas and Driver, (1989) and Osborne, Smith, and Meadows
(1993). The students in these studies thought that there is light from the eyes to the

object instead of reflected light from that object bounce into the observer’s eyes.

Implications of Two Survey Results for Designing the Unit

The students’ misunderstanding of light might come from poor instruction.

The survey about the current state of teaching and learning the concept of light

revealed that the teachers didn’t use social constructivist teaching methods. The
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teachers preferred to use lecturing, demonstrating, experimenting, and assigning the
students to do a report and a group presentation. The teachers didn’t use discussion

and didn’t give the students an opportunity to construct their learning.

The teaching strategies that the teachers had been using do not facilitate
student understanding. These teaching strategies cause most of the students to hold
alternative conceptions about all concepts, especially the concepts of color, refraction

of light, and image formation by mirror and lens.

These students’ alternative conceptions about light and the current state of
teaching and learning about the concept of light will guide the researcher to plan

activities that will promote these scientific concepts to students.

The next chapter will be a discussion on the design and development of the
Light Leaning Unit (LLU) which will promote scientific understanding of the concept
of light. The development of the Light Learning Unit (LLU) will be guided by the
findings from the exploratory phase, students’ difficulty understanding of the concept
of light, the teachers’ teaching methods, and teachers’ needs when teaching and

learning the concept of light.



CHAPTER V

THE DEVELPOMENT OF THE LIGHT LEARNING UNIT

Introduction

This chapter discusses the design and development of the Light Leaning Unit
(LLU) which will be used to promote scientific understanding of the concept of light.
The development of the Light Learning Unit (LLU) is guided by the findings from the
exploratory phase and a review of literature on this subject. The process of the unit
design and the development and the organization of content and activities of the Light
Learning Unit (LLU) are then discussed. Moreover, the comparison of contents and
activities between the Light Leaning Unit (LLU) and the former curriculum will be

presented.

Design and Development of the Light Learning Unit (LLU)

The design and development of the Light Learning Unit were based on the
Thai National Education Act and the social constructivist approach. The details of
Thai National Education Act and the social constructivist approach were discussed in
Chapter 2. Below is a summary of the Thai National Education Act and the social

constructivist approach.

The learning process as discussed in the Thai National Education Act is based
on the principle that all learners are capable of learning and development. This is
regarded as being of great importance. The teaching methods detailed in the act aim to
provide training in thinking processes, develop management skills, find ways to face
various situations, teach students to apply knowledge for obviating and solving
problems, organize activities to allow learners to draw from authentic experiences,
provide practical work drills for complete mastery, enable learners to think critically
and to acquire the habit of reading, and develop a continuous thirst for knowledge

within students. So, it can say that learning has become more student-centered.
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Learning science under a social constructivist framework requires students to
make meanings of the world through both individual and social processes. Vygotsky
proposed the term Zone of Proximal Development (ZPD). Zone of proximal
development of learners is defined as the learner’s range of ability with and without
assistance. Thus, one end of the range is the student’s ability level without assistance,

and the other end of the range is the learner’s ability level with assistance.

Two surveys in the exploratory phase revealed the state of teaching and
learning the concepts of light, and along with the students’ understanding of the
concept of light, were used to design the light learning unit. The details of teaching
and learning the concept of light, including the students’ understanding of the concept
of light, were discussed in chapter 4. This section presents only a summary of
teaching and learning the concept of light and includes the students’ understanding of

the concept of light.

Teaching and Learning the Concept of Light in the Classroom

The results from the questionnaire reveal the big picture of the state of
teaching and learning of the concept of light in schools under the Bangkok
Metropolitan Administration (BMA) in the 2005 academic year. Most teachers
normally use both lectures and experiments in their teaching and use various kinds of

assessment.

The results from the interview showed that the teachers let the students be part
of the teaching and learning processes, but they did not obviously focus on students’
prior knowledge. They did not use social constructivist teaching. They preferred to
use lecturing, demonstrating, experimenting, and assigning reports and group
presentations. They didn’t use discussion and didn’t give the students an opportunity
to construct their own knowledge. Teachers used various kinds of assessment
including students’ tasks, their performance during teaching and learning, and

participation during teaching and learning.
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Students’ Understanding of the Concept of Light

The results of this study showed that the students held both scientific
conceptions and misconceptions in each of the main concept areas. Most students had
misconceptions about color, the refraction of light, and image formation by mirrors
and lenses. The student held misconceptions about these concepts because light is an
abstract concept. The imagination must be used to understand some concepts
including the concept of light rays. Students did not have enough of an understanding
of fundamental concepts to explain advanced concepts. For example, the reflection of
light is a fundamental concept of sight. The image formation from mirrors and lenses
is the fundamental concept of optical instruments. Moreover, the students usually only
memorized the concepts without understanding or using their experiences to explain

the situations they faced.

The research findings reported here and a review of the relevant literature
were used as guiding principles for the design and construction of the light learning
unit. There were 6 guiding principles used in the process of designing and

constructing the concept of light unit:

1. The unit should address students’ prior knowledge of the concept of
light. Students come to the classroom with their own prior knowledge. The unit

should build scientific understanding from the students’ prior knowledge.

2. The unit should give students an opportunity to construct their own

learning through interaction with their peers.

3. The unit should use a meaningful context to help students develop the

concepts in the real world.

4. The unit should use thoughtful, open-ended questions to encourage

students.
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5. The unit should focus on students working cooperatively.

6. Assessment in the unit should be authentic and interwoven with teaching.

The Light Learning Unit (LLU) was designed in January 2007 (academic year
2006) and is based on the social constructivist approach. The Light Learning Unit is
designed for grade 8 students. The unit consists of 8 lessons covering 20 hours. The

unit will;

1. Analyze sources including the content of the National Science Education

Standard provided by the IPST, and light and optics text books.

2. Study the constructivist teaching approaches from previous research, text

books, and articles.

3. Be based on the light content section of the IPST science education in

Thailand, social constructivist approaches, and the results from the exploratory phase.

4. Be designed using constructivist approach-based instructional units,
including learning objectives, main concepts, instructional procedures, instructional
materials, and assessment.

The unit will be implemented following four steps:

1. The first draft of the instructional unit will be sent to the committee to

consider the aspects of teaching, learning, and content.

2. The unit will be revised following the committee’s suggestions.

2. The second draft of the unit will be sent to the committee for

reconsideration and revision for a second time.

4. The instructional unit will be implemented.
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Light Learning Unit (LLU) was designed in January 2007 (Academic year
2006) which based on social constructivist approach. Light learning unit is the unit for

grade 8 students. The unit consists of 8 lessons covering 20 hours. The followings are:

1. Analyze the content of the National Science Education Standard provide by

IPST and from other sources such as light and optics text book.

2. Study constructivist teaching approaches from previous researches, and text

books and articles

3. Based on the light content of the IPST science education in Thailand, social
constructivist approaches and the result from the exploratory phase, design
constructivist approach-based instructional units, including learning objectives, main

concept, instructional procedure, and instructional materials and assessments.

4. Send the first draft of instructional unit to the committee to consider the unit

both in aspect of teaching and learning and content.

5. Revise the instructional unit according to the committee suggestions.

6. Send the second draft of the unit to the committee to reconsider and revise

for the second time.

7. Implement the instructional unit.

Content of Light Learning Unit (LLU)

The unit is comprised of lesson plans, a student manual, instructional materials
and media, and is ready for use by teachers. Each lesson plan contains information
about the main concept, learning outcomes, instructional procedures, instructional
materials, worksheets, and suggestions on formative assessment. The content of each

unit is according to the National Science Curriculum Standards (IPST, 2002). In the
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IPST Textbook, the content of light is divided into 3 themes: light and seeing, the
refraction of light and its application, and seeing and the intensity of light. However,
the LLU content is divided into eight lessons on the topic of light: the nature of light,
the reflection of light, curved mirrors, the refraction of light, image formation from
lenses, optical instruments, color, and seeing and light intensity. The activities of all
lessons used social interaction between teachers and students, and between students
and students. Group work and whole class discussion are the main strategies of the
unit. There are some differences between the contents of the light learning unit (LLU)
and the IPST Textbook. A comparison of content between the light learning unit and

the IPST Textbook is shown in Table 5.1

Table 5.1 Comparison of contents and the activities of the Light Learning Unit
(LLU) and IPST Textbook

IPST Science Textbook LLU
Theme 1: Light and seeing

Lesson 1*: The nature of light
* The meaning of light

* The importance of light

= The travel of light

* The types of media

The reflection of light by plane mirror Lesson 2: The reflection of light

= The law of reflection of light = The law of reflection of light

* The application of plane mirror * The characteristics of image formed by
The image formation by plane mirror the plane mirror

* The virtual image * The ray diagram of the image formed
= The ray diagram by plane mirror.

The image formation by curved Lesson 3: The curved mirror

mirror = The characteristics of curved mirrors
* The real image (concave and convex mirrors)

= The virtual image = The characteristics of image formed

* The ray diagram and ray diagram by the curved mirror

= The reflection of light by curved

mirror

Theme 2: The refraction of lightand  Lesson 4: The refraction of light

its application = The refraction of light

= The refraction of light * The rainbow

* The formation of rainbow = The refraction of light in daily life

= The application of refraction of light




Table 5.1 (Continued)
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IPST Science Textbook

LLU

Theme 2: The refraction of light and
its application

* The refraction of light by lens

= The image formation by lens

* The ray diagram

* The internal total reflection

The optical instrument

* Microscope

= Telescope

= Camera

Theme 3: seeing and the intensity of
light Seeing

* The nearsightedness, farsightedness and

the correction
* The intensity of light

Lesson 5: The image formation by
lens

*The characteristics of lenses
(converging and diverging lenses)

= The light ray when the light passes
through the lenses

* The image formation by the lenses
= The total reflection of light

Lesson 6: The optical instrument
* Microscope

= Telescope

= Camera

Lesson 7*: The color

* The combination of color light

= The color of colored object when
shined the other colors to that object
= The application of the color
combination

Lesson 8: seeing and light intensity
= Seeing

* The eye problems and its correction
= The light intensity

* The eye care

Note: * is the lesson found only in LLU

For more understanding about the comparison between LLU and IPST

Textbook, the conceptual framework of the topic of light in LLU and in IPST

textbook is shown below.
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Activities of Light Learning Unit (LLU)

A description of the activities in each lesson is briefly outlined below.

Lesson 1: the Nature of Light

This lesson will introduce students to the nature of light. The lesson takes two
hours to complete. The lesson begins by asking students to think and share ideas
about the nature of light in their daily lives. Then, working in groups, the students
share their ideas on the nature of light by constructing a concept map. The students
are asked to design and do an experiment working in groups to verify that light travels
in a straight line. In this activity, the students work collaboratively to design the
experiment by using these materials: 2 paper cards, modeling clay, 2 straws, a ruler,
and scissors. The students are free to design the experiment using higher-order
thinking skills. Next, the students in each group present their design and explain it to
the rest of the class. After that, the students are asked to classify the types of media by
using the property of light as it passes through the media. The objects used for
classification are objects which appear in students’ daily lives. For example, a piece
of paper, a glass plate, a wood plate, and a waxed sheet. The teachers ask the students
to classify the media into three types: transparent, translucent, and opaque media. The

nature of light concepts are then be identified by the students and their teacher.

Lesson 2: the Reflection of Light

Lesson 2 discusses the reflection of light. The students are asked to discuss
their experiences with reflections from a plane mirror and then they are asked to use
think-pair-share to discuss the plane mirror in given situations. The students are asked
to do the experiment working in groups to verify the law of reflection and to
investigate image formation using one mirror and two mirrors. Then, the students
present and explain their results to the class. The students learn how to draw a ray
diagram from the teachers’ guide. Finally, the reflection of light concept is concluded

by the students and their teacher.
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Lesson 3: the Curved Mirror

Lesson 3 emphasizes the curved mirror. First, the students are asked to share
their ideas about the differences between a plane mirror and a curved mirror. Then
they are asked to use think-pair-share in a given situation to discuss image formation
by a curved mirror. Second, the students are asked to do experiment involving image
formation by a curved mirror working in groups. Then, the students present and
explain their results to the rest of the class. Third, the students learn how to draw a ray
diagram from the teachers’ guide. Finally, the curved mirror concept is concluded by

the students and their teacher.

Lesson 4: the Refraction of Light

Lesson 4 is about the refraction of light. First, the students are asked to share
their ideas about phenomena involving the refraction of light that they have seen or
known. Then, they share their ideas in groups and with the entire class while they are
observing a teacher demonstration. Second, the students are asked to do a refraction
of light experiment working in groups. After that, they present and explain their
results to the class. Third, the students learn how to draw a ray diagram from the
teachers’ guide. Fourth, they are asked to share their ideas about phenomena that is
related to the refraction of light including mirages and rainbows. Then they are asked
to do an experiment which involves making a rainbow. After that, they present and
explain their results to the class. Fifth, they are asked to design and do an experiment
which examines ways to make internal total reflection. Finally, the refraction of light

concept is concluded by the students and their teacher.

Lesson 5: Image Formation by Lens

Lesson 5 discusses image formation by a lens. First, the students are asked to
share their ideas about the refraction of light that are related to a lens and then they
are asked to use think-pair-share to discuss refraction by a lens in a given situation.

Second, the students are asked to do a group experiment to verify the principals of
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refraction by a lens and image formation by a lens. Then, the students present and
explain their results to the class. Third, the students learn to draw a ray diagram from
the teachers’ guide. After that, the students learn to calculate the qualities of lenses
including the focal length, the image distance, and the image size. Finally, the image

formation by a lens concept is concluded by the students and their teacher.

Lesson 6: Optical Instruments

Lesson 6 discusses optical instruments. Firstly, the students are asked to share
their ideas and knowledge about optical instruments and then they are asked to use
think-pair-share to discuss ideas about optical instruments. After that, the students and
the teacher conclude the concept of optical instruments. Second, the students are
asked to design and do a group experiment regarding a simple camera. Then, the
students present and explain their design to the class. Third, the students are asked to
do an experiment about image formation by telescopes and microscopes. Then, the
students present and explain their results to the class. Finally, the optical instrument

concept is concluded by the students and their teacher.

Lesson 7: Color

Lesson 7 emphasizes color. First, the students are asked to share their ideas
about the different colors produced from the refraction of a prism and to use think-
pair-share to discuss the idea of classifying the 7 colors. Second, the students are
asked to do a group experiment about color. Then, the students present and explain
their results to the rest of the class. Third, the students do an experiment about colored
objects in colored light. Then, the students present and explain their results to the

class. Finally, the color concept is concluded by the students and their teacher.

Lesson 8: Intensity and Seeing

Lesson 8 is about intensity and seeing. First, the students are asked about the

essential principals regarding sight, and then they take a look into a friend’s eyes and
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share their ideas about the characteristics of eyes with the whole class. Second, the
students share their ideas about eye problems including farsightedness,
nearsightedness, and corrections for these problems. Third, the students are asked to
design and perform a group experiment about the effects of light intensity on living
things. Then, the students present and explain their design to the class. Finally, the

light intensity and seeing concepts are concluded by the students and their teacher.

The concepts and the activities of all lessons are summarized in table 5.2



Table 5.2 Concepts and activities of Light Learning Unit (LLU)

Lessons

Concepts

Activities

Duration
(hours)

Lesson 1: The nature of light

Lesson 2: The reflection of
light

Lesson 3: The curve mirror

* The meaning of light, nature of light

= The importance of light

* The travel of light

= The types of media by using the
property of allowing light to pass through

* The law of reflection of light

* The characteristics of image formed by
the plane mirror

* The ray diagram of the image

formed by plane mirror.

* The characteristics of curved mirrors
(concave and convex mirrors)

* The characteristics of image formed by
the curved mirror

* The ray diagram of the image formed
by curved mirrors

* The use of the reflection by curved
mirrors

= Identify prior knowledge about light

= Construct the concept map about the
nature of light

= Design and do the experiment about the
travel of light

= Identify types of media by using the
property of allowing light to pass through

= Identify prior knowledge of reflection of
light

= Discuss the reflection from mirror

= Do the experiment about the reflection of
light

* Draw the ray diagram of the image formed
by plane mirror

= Use think-pair-share to discuss about the
curve mirrors and the image formation by
curve mirror

= Do the experiment about reflection

* Draw the ray diagram of the image formed
by curved mirror

2

901



Table 5.2 (Continued)

Lessons

Concepts

Activities

Duration
(hours)

Lesson 4: The refraction of
light

Lesson 5: The image
formation by the lenses

Lesson 6: The optical
instruments

* The refraction of light

= The light dispersion

* The refraction of light in daily life

= The application of refraction of light.

= The characteristics of lenses
(converging and diverging lenses)

= The light ray when the light passes
through the lenses

* The image formation by the lenses
* The total reflection of light

= The concept of optical instruments
(camera, telescope and microscope)

* Demonstrate refraction of light
* Do the experiment about refraction of light

= Find out the prior knowledge about the
image formations

* Do the experiment about the image
formations from lenses

* Draw the ray diagram of the image
formations from lenses

» Identify student prior knowledge about the
optical instruments

= Design and construct the simple camera

* Do experiment about the image formation
from telescope and microscope

3

LOI



Table 5.2 (Continued)

Lessons Concepts Activities Duration
(hours)
Lesson 7: Color = The combination of color light = I[dentify student prior 2
* The color of colored object when knowledge about color using worksheets,
shined the other colors to that object questions
* The application of the color * Do the experiment about color
combination
Lesson 8: Intensity and = Seeing = I[dentify student prior 3

seeing

* The eye’s problems
= The light intensity
* The eye care

knowledge about the intensity and seeing

= Discuss about eye’s problems such as
nearsightedness, farsightedness and the eye
correction

= Design the activity about light intensity and
seeing

801
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Summary

This chapter explained the design and development of the Light Learning Unit
(LLU) using guiding principles. Schools can adopt or adapt the unit to suit their

needs.

In the next chapter, the unit implementation and evaluation phase, the Light
Learning Unit (LLU) was implemented in three schools to answer the last two
research questions: how and to what degree are Thai science teachers able to
implement the Light Learning Unit (LLU) and how does teacher implementation of

the Light Learning Unit (LLU) influence students’ scientific understanding of light?



CHAPTER VI

Unit Implementation and Evaluation

Introduction

This chapter discusses the implementation and evaluation of the Light
Learning Unit (LLU). The chapter describes a workshop that was set up to train the
teachers to implement the LLU and to gather their input for further improvements to
the unit. The next section introduces the implementation of the Light Learning Unit
(LLU) in three schools. Teachers’ background information, students’ background
information, and school and classroom settings are also examined in this section. The
implementation of the Light Learning Unit (LLU) is discussed separately for each
school. The last two research questions are posed and investigated for each school in

the study.

Participants and Settings

Three teachers from three schools were involved in implementing the LLU in
the second semester of the 2006 academic year. They had all participated in the first
exploratory phase of the study, as discussed in Chapter IV. Two schools are large
(more than 1,500 students) and one school is medium sized (1,300 students). This
research was conducted in schools under the Bangkok Metropolitan Administration.
There were three schools used in this study and all were lower secondary schools. In
all cases, pseudonyms were used to represent the schools’ and teachers’ names.
Sompong was a teacher in Sara School, Pranee was a teacher in Pattana School, and
Chaichana was a teacher in Charoen School. Sara and Pattana were in the same
district. The distance between two schools was around 3 kilometers. Charoen is about

15 kilometers from Sara and Charoen is about 17 kilometers from Pattana.
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Implementation of the Light Learning Unit (LLU)

Three teachers from three schools started their implementation by attending a
workshop. This workshop was set up to discuss the Light Learning Unit (LLU), and
how each teacher implemented it. The feedback and comments of the teachers on the
LLU were used for the improvement of the LLU. Moreover, while they implemented
the LLU, there were teacher support meetings which were established for to support
and encourage the teachers while they implemented the unit. At the first meeting, the
teachers were asked to reflect upon their teaching, their satisfaction with their
teaching, how the students responded to their teaching, and the problems that the

teachers faced in the classroom.

A workshop and teacher support meetings were set up to facilitate the
teachers’ reflections upon their teaching. The timing and focus of these workshops is

summarized in table 6.1.



Table 6.1 Overview of the workshop

Workshop Topics

Before Implementation
Workshop
(November,2006)

During Implementation

* Overview of the research study

*» Teachers’ teaching strategies for teaching the
concepts of light in the last academic year

* The National Education Act B.E. 2542 (1999),
National Science Curriculum Standards, and the
findings from the exploratory phase

= Social constructivism

* The design and construct of LLU and a
comparison of LLU and IPST

= Lesson plans and materials

» Demonstration of the lesson plans

= Roles of the researcher

Teacher Support Meeting 1 Teacher Support Meeting 2
(January,2007) (February,2007)
» Reflect on their teaching (lesson plan 1- = Reflect on their teaching (lesson plan 5-8)
4) * Students’ responses
* Students’ responses * Problems with teaching
= Students’ responses » Evaluation of the LLU

* Problems with teaching

= Preparation of the next 4 lesson plans

48!
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The Workshop

This workshop was set up to discuss the Light Learning Unit (LLU), and how
each teacher implemented the unit. The teachers’ feedback and comments on the LLU
were used to improve the LLU. Three teachers were given the LLU documents to read
before the workshop to allow them to prepare for the meeting. The researcher started

the workshop by presenting the following topics:

- An overview of the research study

- The National Education Act B.E. 2542 (1999) and the National Science

Curriculum Standards statement about the learner-centered approach
- Findings from the exploratory phase including the current state of
teaching
and learning the concept of light and students’ understanding of the concept of light
- Social constructivism underpins the teaching and learning process

- The importance of students’ prior knowledge

- Teachers’ teaching strategies for teaching the concepts of light in the last

academic year

The design and construction of the LLU

- A comparison of the LLU and the IPST

- Lesson plans and materials

- Demonstration of the lesson plans

- Roles of the researcher
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The Light Learning Unit was introduced by comparing it to the current
National Science Curriculum Standards (IPST, 2002). The researcher discussed ways
to design and construct the LLU and also showed the teachers the process of
designing and constructing the LLU. Then, the researcher compared the Light
Learning Unit and The National Science Curriculum Standards in terms of content
and activities for eighth graders. Next, the teachers were introduced to 8 lessons,
lesson by lesson. The objectives, the concepts, teaching procedures, materials, and
assessment of each lesson were discussed. After presenting each lesson, teachers were

asked for comments or suggestions on the lesson.

Content

The content of the Light Learning Unit is divided into 8 main concepts: the
nature of light, the reflection of light, the curve mirror, the refraction of light, image
formation by a lens, color, and seeing and light intensity. The LLU covers all 6
concepts of light in the National Science Curriculum Standard (IPST, 2002) for eighth
grade students. The researcher added more two concepts: the nature of light, and color

in the LLU.

In lessons 1, 5, and 6 students are encouraged to design experiments by
themselves. Each lesson emphasizes that the students build knowledge by themselves

by working in groups.

All teachers accepted that the content of the LLU covers all concepts as
suggested by the curriculum standards. All teachers thought that the content of the

LLU was intensive and maybe difficult for their students in some parts.

Activities

Teachers believed that the LLU would help their students to better understand

the concept of light. All activities in each lesson focused on group work. At first, the

students were probed with questions from their teacher. They were allowed to discuss
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their explanations with other students which gave them the opportunity to share their
ideas with other students. For example, in lesson 1, “The nature of light”, the students
shared an idea which led to the construction of a concept map using 11 words that
were related to the concept of light. The teachers were concerned about activities
which allowed their students to design the experiments because the students had never
done so before. They thought that these activities would take a lot of time. In an
activity which discussed finding the critical angle that makes a total internal
reflection, the teachers asked additional questions to help their students understand
what a critical angle is. When discussing the concept of the refraction of light, the
teachers asked students to use the real thing to demonstrate the refraction of light
instead of using a picture. In an activity which involved calculating qualities of a
lens, the teachers were concerned that they couldn’t teach the topic to their students
because they had skipped teaching it for many years. And in an activity about color,
the teachers suggested that a document describing this concept should be printed in

color instead of in black and white.

Teacher Support Meetings

The teacher support meeting was established to support and encourage the
teachers while they implemented the unit. At the first meeting, the teachers were
asked to reflect upon their teaching, their satisfaction with their teaching, how the
students responded to their teaching, and the problems that the teachers had faced in
the classroom. All of this information would help the researcher to understand how
the teachers implemented the LLU. The teachers and researcher found the best
solution to answer all of the problems. The teachers implemented the LLU in the mid
December 2006. There were two teacher support meetings. The first was held in late

January 2007 and the second was held in late February 2007.
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Themes from Teacher Support Meetings

Student Responses

All teachers had the same conclusions about their teaching, believing that the
students enjoyed learning in the classroom and paid more attention to the lessons,
especially when doing experiments in groups. The students performed the processes,
along with the instructions, correctly. This means that the teaching was clear to them.
One teacher said that the LLU enhanced his students’ understanding of the concept of
light because the students could explain the concept to their peers and they could
apply the lessons to other situations. For example, in the study of the concept of a
curved mirror, the students learned how to make a ray diagram from a curved mirror.
After that, most students could correctly apply that idea to other problems. Moreover,
the teachers said that the students enjoyed learning when they studied the concepts of
lenses, optical instruments, and color because these concepts were studied using a

computer program to help them to understand.

The teachers said that their students were happy to learn in groups because the
students had to share their ideas and everyone in the group had their own
responsibilities. The responsibilities were not the same as the students had
experienced before. They knew that everyone in a group had a responsibility, for
example, the president, vice president, secretary, and so on, but responsibility in the
LLU required a person to do the experiments, a person to collect data, and a person to

present the data.

Teacher Responses

The teacher responded to the intervention both during and after teaching each
lesson. During the teaching, all teachers felt good because they had the confidence to
teach concepts that they usually skipped or shortened. When they taught their lessons,
they usually followed the steps that were suggested by the LLU. All teachers said that
the LLU helped them a lot when teaching the concept of light and they were happy
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every time they finished the lesson. Moreover, one teacher said that the LLU changed
his teaching technique from giving knowledge to the students to letting the students
construct knowledge by themselves. The LLU helped him to understand the concepts
as he learned with his students, performing the curved mirror experiments and doing

lens calculations.

Difficulties of Teachers

Teacher Content Knowledge

Teacher content knowledge would be investigated during the workshop
before the implementation of the LLU, and teachers’ problems would be examined
before and after they taught their students. All teachers lack some content knowledge.
For example, one teacher had a problem with the concept of a curved mirror because
he had never taught it before and he also had problems with calculations involving
lenses such as the focal length and the image distance. The teacher explained this

during the workshop.

For the 2 years that I have taught the concept of light, I have felt that the
content of this topic was very hard to understand, not only for students but
also for the teacher. I can only say that I didn’t want to teach the concept of
light because I had almost no knowledge of the concept. (Ms. Pranee’s

meeting interview: January, 2007)

This section introduces three case studies of three lower secondary schools. In
each case, school context, classroom setting, teachers’ background information, and
students’ background information are described. The last two research questions are
posed and answered in each case. The results are presented in terms of the teachers’
teaching practices and their problems with teaching practices, their perceptions of the
teachers regarding social constructivist teaching, students’ perceptions of their
teaching, and the student’s understanding of concepts about light. In all cases,

pseudonyms were used to represent the schools and teachers. Sompong was the
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teacher at Sara School, Pranee was the teacher at Pattana School, and Chaichana was

the teacher at Charoen School.

Case |I: Sara School

School Context

The school was established in 1943 in a suburban area of Bangkok. It is close
to Pratumtani Province. It is a medium sized school with 1,335 students with thirty
two classrooms. This school has kindergarten, primary, and secondary classrooms.
There are 4 kindergarten classrooms with 40-45 students per class. In grades 1-4, each
grade level has 4 classrooms with 40-45 students per class. In Grades 5-6, each grade
has 3 classrooms with 40-45 students per class. In Grades 7-9, each grade has 2
classrooms with 25-35 students per class. One class consists of high ability students,
and others contain students with mixed abilities. The school is surrounded by a field
and a small community. Teaching hours begin at 8.30 a.m. and finish at 3.30 p.m.
There are seven periods a day. Each period is 60 minutes long at the lower secondary
level. The students have science class for 3 hours each week. One semester consists of
eighteen weeks including seventeen weeks for the teaching and one week for the final

examination.

Teacher’s Background

Sompong was a male lower secondary school teacher. He usually taught the
seventh and eighth grade. He had 10 years experience teaching science and 4 years
experience teaching the concept of light. He had a teaching workload of 18 hours per
week. He also was a classroom teacher and the teacher in charge of preventing and
solving student problems. He was 35 years old. He had a bachelor degree in education
and his major was biology. He participated in a workshop on the concepts of
astronomy, but never participated in any workshops involving the concept of light or
teaching the concept of light. For that reason, he sometimes skipped teaching some

topics regarding the concept of light including curved mirrors, calculations about
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image formation such as the focus and distance of an image, and the drawing of ray
diagrams from both mirrors and lenses. Even though he believed in constructivism, he
usually taught science using teacher-centered learning. He explained a particular
concept to his students and then he had them do an experiment. Sometimes he used
textbooks or ready to use science lessons that he bought from a private publishing
company. He believed that it is an important part of the teacher’s role to offer all
available knowledge to his students. He also said that his students don’t pay attention;
therefore, he often used a lecturing technique to teach his students. He believed that
lectures can promote students’ understanding of the subject matter and that lectures
are more suitable for his students. He had no ideas regarding other teaching strategies.
When the researcher asked him to participate in the study, he agreed to join
immediately. He thought that this would be an opportunity to gain more teaching

strategies and also new media materials to use with his students.

Students’ Background

Most of the students were 14 years old and came from low socioeconomic
families. They were average achieving students. There were 26 students in the class,
16 males and 10 females. Most of the students, 15, had moderate GPAs (2.0). Six
students had high GPAs (3.5) and five had GPAs of 3.0. However, no students
achieved the highest GPA (4.0). The students loved to do experiments. When they
were doing experiments, they looked happy. This study focuses on three students
who were purposely selected to be studied in depth concerning the development of
their understanding of the concept of light. The selection was based on a students’
personalities in terms of talkativeness. Pseudonyms, Soraya, Dongdao, and Pakphum,
were used to represent the students’ names. The details of these students are described

below.



120

Soraya

Soraya was a fourteen year old girl. Her mother was a housewife, and her
father owned a small business. Soraya liked to study science. She believed that

science was necessary for her daily life. Her science achievement score was 3.0.

Dongdao

Dongdao was a thirteen year old girl. Her mother and father were laborers.
She didn’t like science because she thought that science was hard to understand. Her

science achievement score was 2.0.

Pakphum

Pakphum was a fourteen year old boy. His mother and father were laborers.
He liked science because he loved to do experiments. His science achievement score

was 2.0.

Classroom Setting

Sompong’s classroom was a laboratory room with 8 tables in the room and
one for the teacher as shown in Figure 6.1. When the researcher looked at the
classroom, it was crowded with tables and chairs and everything was dirty. There was
a lot of dust on the tables in the room. A lot of equipment and material was unpacked
and some was broken. Sompong taught in a science laboratory with insufficient
equipment and material, including lenses, prisms, and optical instruments, that is

necessary for the study of the concept of light.
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Figure 6.1 Sompong’s classroom setting

Research Questions 3: How and to What Degree Are Thai Science Teachers Able
to Implement the Light Learning Unit (LLU)?

To answer this research question, Sompong’s teaching practices, including
teaching and assessment strategies, are described. Moreover, the problems that he
faced during the implementation the unit and the perceptions of Sompong and his
students about the unit implementation were investigated as well. The in-depth
information on the process of Sompong’s implementation of the LLU is discussed

below.

Sompong’s Teaching Practices: Sompong Served in the Role of Facilitator.

Sompong was very worried about implementing the LLU, because he was not
familiar with the teaching strategies in the LLU. The teaching strategies in LLU were
different from his previous teaching styles. In the first week, he seems to have had
some stress when he taught the lesson. Sompong made many efforts to ask students
questions, and encouraged students to participate in the lessons. Sometimes, he read
the teacher manual for two or three minutes to be sure that what he had taught was

complete. However, in the later weeks, Sompong felt comfortable and free with
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teaching the LLU. He was able to adapt and felt more comfortable with the LLU. His
students paid more attention, listened, thought, discussed, and shared their ideas with
him and their peers. The details of Sompong’s teaching practices are discussed in

terms of teaching and assessment strategies below.

Sompong’s Teaching Strategies

Sompong implemented the unit by following the guidelines in the teacher
manual. He usually assessed students’ prior knowledge by asking and discussing
questions. His teaching strategies focused on cooperative group work. He also
prepared hands-on and minds-on activities that allowed students to think and discuss
with their peers in small groups. The classroom observations confirmed that students’
understanding was enhanced by working in groups. The students were given time to
discuss their findings and make conclusions within their group and within the whole
class. This helped students to understand the concepts they studied. Sompong’s

teaching strategies are presented below.

Sompong Focused on Students’ Prior Knowledge.

During the first week of the implementation, Sompong was nervous
about teaching the lesson, but he followed the instructional unit step by step. He also
used all of the instructional media and materials and he often used all of the questions
to determine the students’ prior knowledge. As time passed, he seemed to have more
confidence in his teaching. Sometimes he added more questions in addition to the
ones suggested in the lesson plan. To further investigate students’ prior knowledge, he
asked the students to give the reasons for their answers. This was evidenced by
classroom observations. In the lesson one, the Nature of Light, the students were
expected to explain the meaning, the nature, and the importance of light and to design,
do experiments, and classify types of media by using the property of light as it passed
through. Sompong first let the students close and then open the classroom doors and
windows. Then he asked his students about the difference between these two

situations to engage them and he let his students think and share their ideas. Then he
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asked, “What is the importance of light to humans?” and “Without light will humans
still survive and why?” He was trying to pose more questions to increase the students’
prior knowledge. Sompong found that his students’ answers were not right, but he did
not tell them that they were wrong. He then asked the students more questions
including “Why do you think like that? Explain more about your understanding.”
Moreover, he used group activities or concept maps to illustrate the students’ prior
knowledge of the nature of light. He gave his students time to discuss and share ideas
from their own understanding to construct concept maps and then the concept maps
from each group were presented. Sompong and his students then made a conclusion
from the students’ presentations. The following week, he used all of the questions to
check the students’ understanding of the concepts. When the students could not
answer the questions, he gave them time for discussion. He asked more questions

including “Do you understand the question?”” and “What do you think?”

Nevertheless, sometimes, he moved back to his old teaching style. He
did not wait for the students’ answer to elicit their prior knowledge. For example,
while explaining the concept of image formation by a plane mirror, he asked the
students about the size of an image produced by a plane mirror. When the students
answered that the size of the image would be smaller than the actual object, Sompong
argued suddenly that it was not smaller but it was the same size. He asked the students
to remember that the image size from a plane mirror is the same size as the actual

object.

Sompong Used a Meaningful Context to Help Students Develop the
Concepts in the Real World.

When Sompong taught the students the concept of the reflection of
light, he used learning material which is related to the students’ lives. He helped his
students to develop an understanding of the concept of the reflection of light by using
a real life situation. This was evidenced by classroom observations. In lesson two, the
reflection of light, Sompong first let the students look at a plane mirror and discussed

what the students saw in the mirror, what the reflection looked like, and where
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reflection existed. Then, he asked the students to solve a real situation problem that
was related to the reflection of light by a plane mirror. He helped the students to
develop some ideas about the reflection of light. This was evidenced by classroom

observations.

The students in each group cooperatively talked and thought about the
reflection of light and image formation by plane mirror. They used a real plane
mirror to check their reflections. Then the teachers asked them more about
how to draw a ray diagram of the situation. While the students worked
cooperatively in groups, Sompong walked from group to group to help his
students. He asked them more questions about the relationship between the
angle of incident and reflected rays to stimulate his students’ thinking on ways

to draw the ray diagram. (Field note, December, 2006)

One more example of Sompong’s use of a meaningful context was
when he taught the concept of the curved mirror. Sompong asked the students to
observe and touch shiny silver paper that can be bent. He asked the students about
their reflection from that paper. Then, he asked more questions about ways to make
your reflection to appear upside down, and ways to make their reflections shorter and
shrunken, and taller and thinner than normal. The students answered that they had to
bend the paper. The students then bent the paper and tried to make strange reflections.
After that Sompong related the paper to a curved mirror and asked the students to do
an experiment about image formation by curved mirror. Then, he asked the students

about the use of the curved mirror in their lives.

Sompong Encouraged Students by Asking Thoughtful, Open-

ended Questions.

In the first week of the implementation, Sompong used the questions to
make students think and explain their ideas. For example, in lesson one, the Nature of
Light, Sompong asked his students to think about how to investigate the reasons that

light travels in a straight line, He used open-ended questions such as, “What do you
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think would happen if there was no light and how would you classify the types of
media when using their properties of allowing light to pass through them?” He also

gave his students time to think about the questions.

The following week, he still asked his students thoughtful and open-
ended questions. For example, in lesson three, the Refraction of Light, Sompong
asked his students to find ways to make internal total reflections and to use total

internal reflections in their daily lives.

However, sometimes he used “yes” or “no” questions. For example, in
the lesson on the concept of image formation by a plane mirror, after the students
finished the experiment, he asked the students about the characteristics of an image
formed by a plane mirror. Sompong asked “Is the image made by a plane mirror a
virtual image? “Does it have the same size as the actual object?”” He did not ask the

students to explain the reasons behind their answers.

Sompong Gave the Students an Opportunity to Construct Their

Learning Through Interaction with Their Peers.

In the first week of the implementation, Sompong usually gave his
students an opportunity to learn as active learners and to work cooperatively. For
example, in an activity, How Light Travels, Sompong asked the students about the
nature of light by asking “how does light travel?” to encourage his students to think.
He then asked them to demonstrate the travel of light using some objects (2 paper
cards, modeling clay, 2 straws, ruler, and scissors). He asked each group of students
to read the worksheet directions and then to explain how to do the activity. In this
activity, Sompong gave the students time to work in groups to discuss and share their
ideas about designing and doing the experiment. Sompong supported the students’
active learning by encouraging them to think and to try to design the experiment. He
said, “You should try to do it”. The results in each group were presented and followed

by Sompong’s and the students’ conclusions about this activity.
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One more example of Sompong’s students’ study of the nature of light
was when students were asked to classify types of media according to the properties
which allowed light to pass through them. Sompong distributed twelve objects to each
group of students. The objects that Sompong used were ones that appeared in the
students’ daily lives such as a piece of paper, a glass plate, a wooden plate, and a
waxed sheet. Students observed the twelve objects in terms of three measures of their
ability to allow light to pass through: transparent, translucent, and opaque. He asked
the students to read the directions in the worksheet and then to explain how to do the
activity. The students looked and touched each of twelve objects. To do the
worksheet, the students in each group had an opportunity to interact with each other
or with the teacher to classify each type of media according to its property of allowing
light to pass through. After doing the experiment, the students helped each other to
answer the questions. The results of the activity in each group were presented, and
Sompong and the students made conclusions about the each type of media according
to its property of allowing light to pass through. In the following week, Sompong’s
students were still active learners because he gave them the opportunity to construct

their own knowledge by active doing.

Sompong Focused on the Students Working Cooperatively

He divided the students into groups. Each group consisted of five
students. When forming the groups, Sompong explained the role and responsibility of
each student in each group as a collector, a reporter, a presenter, and a supporter.
Then, he explained how to do the activity. This activity was used to increase the
students’ prior knowledge by letting them construct a concept map from 11 given
words. In this activity, Sompong gave time to the students to discuss and share their
ideas on the construction of the concept map. Sompong walked from group to group
to observe and give help when needed. He asked students questions to help them
think. He gave praise and encouragement during in-class group work. He was also an
extended participant and involved group member. After the presentation, he used peer

assessment techniques to grade the students’ experiment as suggested by the LLU.
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Assessment Strategies

Sompong used various ways to assess the students’ learning; test scores,
presentations, worksheets, and participation in the classroom as suggested by LLU.
He also focused on assessing students’ prior knowledge. He asked the students to
share their ideas. Students often presented the results of their experiments to the
whole class. He usually observed while his students were doing the experiment or
assignment. For example, while students were doing the “design an experiment about
the travel of light” assignment, he observed the students working, asked them about
their work, and sometimes gave suggestions. At the end of some lessons, he allowed
students to conclude the concepts they had learned by having a class discussion. He

also used peer assessment techniques to grade students’ experiments.

Sompong’s Problems Teaching

Time Constraints

Sompong felt that there were too many activities. He worried that he needed
more time to finish all of the lessons. Unfortunately, he could not finish the last three
lessons of the unit on time. He provided more time for these lessons and gave lectures
to summarize the content and skipped the activities. There were many reasons that he
could not finish the last three lessons. First, there were many days off which shortened
the teaching time. The students had to attend the school sports competition day. They
had to take the National Test for two days. Before taking the National Test, they had
to prepare for one week. Second, the teacher was asked to attend a workshop for one
week, so his students did not learn science that week. Last, Sompong was sick for a

week, so his students did not learn science for another week.
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Sompong’s Perception of Teaching

During the implementation, Sompong had changed his teaching strategy from
transmitting the knowledge to his students to letting his students construct their own

knowledge from the group experiments. Sompong said,

This unit made me changes my old teaching style. I was able to teach some
topics that I had skipped in past years by reading and following the unit in the
teacher’s guide. I can say that when I finished my teaching, I felt happy.
(Sompong, Interviewed in January, 2006)

Moreover, Sompong noticed that his students enjoyed doing some of the
activities in the LLU unit including the nature of light, curved mirrors, and lenses.
Students paid more attention when doing the activities. Sompong agreed that giving
students an opportunity to do hands-on activities in groups could increase their

attention and understanding. Sompong said,

I felt like the students paid more attention when they learned by themselves
through the activities and the group experiments. (Sompong, Interviewed in

January, 2006)

Students’ Perception of Sompong’s Teaching

The students felt the changes in their teacher’s teaching practices and thought
that they had a chance to express their understanding and ideas when they were in the

class. One student said,

I felt that all the activities and the experiments about light helped me to
understand the concept of light. We had unity in our working group. In the
learning of light, we gained more knowledge of the reflection of light,
refraction of light, image formation from mirrors and lenses, color, and other

important topics. I can tell that I know it (the concept of light) better. We also
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had a chance to present the results of the experimental data and I loved the
questions before and after the experiment. Those questions can help and guide
us to understand more. Finally, when we were in the classroom, we had a
chance to express our thinking or ask something that we were curious about.

(Soraya, Student reflection, February, 2006)

Research Questions 4: How Does the Implementation the Light Learning Unit
(LLU) Enhance Students’ Scientific Understanding of Concept about Light?

To answer this research question, this section presents the percentages of
students choosing either scientific or partial scientific concepts, misconceptions, or no
response to the concept of light from the Light Concept Test (LCT) after
implementing the LLU. Next, this section presents the conceptions of three focused

students before and after the implementation.

The Students’ Conceptions of the Concept of Light

Students were asked to complete a light concept test (LCT) after the
implementation of the LLU. The LCT was like the light diagnostic test (LDT),
divided into six concepts: nature of light, image formation by plane mirror and lens,
curved mirrors, refraction of light, optical instruments, color, and seeing. The
students’ responses and explanations related to light concepts were analyzed and
placed into four categories: scientific conceptions (SC), partial scientific conceptions
(PSC), Misconceptions (MC), and No response (NR). The percentage of students
choosing scientific concepts, partial scientific concepts, misconceptions, and no
response to the concept of light from the Light Concept Test (LCT) before (pretest)
and after (posttest) implementing the LLU are included as well. The students’

conceptions of light are presented below.
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The Nature of Light

There are three sub-concepts used to determine the concepts of the
nature of light: the travel of light, light sources, and the media of light. The
percentages of Sara school students in each category of nature of light before (pretest)

and after (posttest) implementing the LLU is shown in Table 6.2.

Table 6.2 Percentages of Sara school students in each category of nature of light
before (pretest) and after (posttest) implementing the LLU

Percentages of Students
Partial

Nature of Light Test Scientific Scientific Misconception No

Concepts Concept Response
Concept

. Pre 27 0 73 0

Traveloflight o0 5756 0 42.4 0

Lisht sour Pre 15 0 85 0

ght souree Post 73.1 0 26.9 0

. . Pre 15 19 66 0

Mediaoflight  p o 53 154 30.8 0

For the travel of light concept, the researcher let the students choose
the sentence which explained how far light goes and why. A total of 57.6 percent of
the students held the scientific concept that light can go further until it is blocked by
something. A full 42.4 percent of the students held the misconceptions that light only
travels as far as it is visible, light travels as far as possible, and light travels until it is

out of energy.

For the light source concept, 73.1 percent of the students held the
scientific concept that light emanates from each point of the light source and
propagates, diverging in all spatial directions. On the other hand, most of students,
26.9 percent, held a misconception by explaining that light is an entity which is
located in space (region around the light source), light from a luminous object travels

only as far as it can illuminate the area surrounding the luminous object, light fades
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away with distance from the source, light goes out only in a radial direction, or each

point on a luminous object emits light in one direction.

For the media of Light concept, the researcher gave the students a
situation where three media show the amount of light that can pass through and asked
students to classify which one is transparent, translucent, or opaque media. Fifty three
percent of the students used a scientific concept to classify the media because they
chose the correct answer and they called an object that can block light an opaque
object, they called an object a transparent object if light can totally pass through it,
and they called an object a translucent object if light can partially pass through it. A
total of 30.8 percent of the students held a misconception because they could not
choose the correct answer and some of them thought that light can pass through an
opaque object. Only 15.4 percent of the students used partial scientific concepts
because they thought that light can pass through both transparent and translucent

objects, but that there is no difference between transparent and translucent objects.

Image Formation

The concept of image formation can be divided into three sub
concepts: image formation by a plane mirror, curved mirrors, and lenses. The
percentages of Sara school students in each category of image formation before

(pretest) and after (posttest) implementing the LLU is shown in Table 6.3.

Table 6.3 Percentages of Sara school students in each category of image formation

before (pretest) and after (posttest) implementing the LLU

Percentages of the Students
Partial

Image Formation Test Scientific e . . No
Scientific Misconception
Concepts Concept Response
Concept
Image formation by Pre 4 0 96 0
plane mirror lies Post 65.4 0 34.6 0

behind the mirror
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Table 6.3 (Continued)

Percentages of the Students

Image Formation Test Scientific P_artl_al_ . . No
Concepts Concept Scientific  Misconception Response
Concept

Image is a left-right Pre 19 0 81 0

reversal Post 60.4 0 38.4 1.2
Curve mirror 1 Pre 0 0 o6 4

Post 11.6 0 84.6 3.8

Curve mirror 2 Pre 0 0 89 1
Post 15.4 0 84.6 0

Image formation by Pre 0 0 85 15
lens 1 Post 50 0 50 0
Image formation by Pre 0 0 96 4
lens 2 Post 46.1 0 53.9 0

For the image formation by plane mirror concept, 65.4 percent of the
students held the scientific concept that the image lies behind the mirror and it is just
as far behind the mirror as the actual object is in front of the mirror. A total of 34.6
percent of the students held a misconception because they thought that an object has

its image behind the surface of a mirror in a position that is in front of the observer.

The other question about the image formation by a plane mirror is a
left-right reversal. A total of 60.4 percent of the students held the scientific concept,
while 38.4 percent held a misconception because they thought that an object has its
image behind the surface of the mirror in a position that is in front of the observer.

Just 1.2 percent of the students didn’t respond to the question.

For the image formation by a curved mirror concept, the researcher let
the students explain where the image exists, asked them to find the size of the image
and to calculate the focal length of the concave mirror when the researcher put the
object between the focal point (f) and 2f of the concave mirror. Only 11.6 percent of
the students held a scientific conception because they knew that the image existed
between 2f to infinity and the image would be bigger than the actual object. A total of
84.6 percent of the students had a misconception because they thought that the image
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existed between the focal point (f) and 2f and the image would be the same size as the

actual object. Just 3.8 percent of the students didn’t respond to the question.

The other question was about image formation by a curved mirror. The
researcher created a situation where an object was placed 0.05 meters in front of a
curved mirror and the virtual image existed 0.1 meter behind the mirror. The
researcher asked the students if the curved mirror was concave or convex and asked
them to calculate the focal length of the curved mirror. Only 15.4 percent of the
students were able to calculate the focal length of 0.1 meter and they were able to
identify the type of curved mirror (which was a concave mirror). A total of 84.6

percent of the students held a misconception because they chose the wrong answer.

To investigate the image formation by a lens concept, the researcher
placed an object 0.18 meters in front of a lens. The image existed 0.06 meters in front
of the lens. The researcher asked the students if the curved mirror was concave or
convex, and asked them to calculate the focal length and the magnification of the lens.
Fifty percent of the students calculated a focal length of 0.09 meters, knew that the
lens was a converging lens, and that the magnificent of the lens was 1/3. Fifty percent

of the students held a misconception because they chose the wrong answer.

Regarding the second question about image formation by a lens, the
researcher placed the object 0.1 meters in front of the converging lens which had a
focal length of 0.05 meters. The researcher asked the students to identify the type of
image, the image distance, and the magnification of the lens. Forty six percent of the
students calculated the correct image distance of 0.1 meters and they knew that the
image was a real image with a lens magnification of 1. Another 53.9 percent of the

students held a misconception because they chose the wrong answer.
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The Refraction of Light

The refraction of light can be divided into three sub concepts:
refraction, the refraction of a prism, and refraction when the incident light ray travels
perpendicular to two media. The percentages of Sara school students in each category
of refraction of light before (pretest) and after (posttest) implementing the LLU is
shown in Table 6.4.

Table 6.4 Percentages of Sara school students in each category of refraction of light

before (pretest) and after (posttest) implementing the LLU

Percentages of Students

Refraction of Test  Scientific Ssiaegtlﬁlic Misconcention No
Light Concepts Concept P Response
Concept
The refraction of Pre 7 0 93 0
light 1 Post 69.2 0 30.8 0
The refraction of Pre 4 0 96 0
light 2 Post 77 0 23 0
The refraction from Pre 8 8 84 0
a prism Post 154 23 61.6 1
The refraction Pre 23 0 77 0
occurs when the
incident light ray
travels Post 154 7.7 76.9 0
perpendicular to
two media

To test the refraction of light concept, the researcher let the students
choose the possible refracted rays that can express the refraction of light when light
travels from oil into water. A total of 69.2 percent of the students chose the correct
refracted ray which expressed the refraction of light when light travels from oil into
water. Another 30.8 percent of the students held a misconception because they could

not choose the correct refracted ray.

The students were given an additional problem. They were asked about
the location of the image of a fish when seen by an observer on the bank. A total of 77

percent of the students chose the correct answer and reason. They thought that the
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image of the fish was shallower than it should have been because of the refraction of
light. Only 23 percent of the students held a misconception when they saw the fish.
They thought that the image of the fish was deeper than it should have been because
the speed of light through the water is faster than the speed of light through the air.

To study the refraction of a prism concept, the research let the students
choose a picture and reason that could express the refraction of light when light
travels into a prism. Just 15.4 percent of the students chose the right picture and the
right reason which correctly showed the refraction of light when light travels into
prism. They thought that when white light travels through a prism, the angle of
refraction is different for different colors of light. The purple is refracted the most and
the red is refracted the least. A total of 61.6 percent of the students held a
misconception because they could not choose the right picture and chose the incorrect
answer which stated that purple is the least refracted and the red is the most refracted
color. Only 23 percent of the students held a partial scientific conception because they
chose the correct picture, which expressed the refraction of light, but they thought that
the spectrum of a rainbow by a prism is continuous and each color has its own exact

boundary. Only 1 percent of the students had no answer.

For the refraction when the incident light ray travels perpendicular to
two media concept, the researcher let the students choose the answer and reason
which explained what happens when light passes from one medium into another
medium if it hits the second medium at right angles to its surface. Only 15.4 percent
of the students held the scientific concept that light will not change direction when
passing from one transparent material into the other medium if it hits the second
material at right angles to its surface. Because front waves of the incident light
incident the medium at the same time, the refraction of light does not occur. A total
of 76.9 percent of the students held the misconception that refraction still occurs
because light travels from one medium to the other medium or there is just a
transmission of light from one medium to the other medium. Just 7.7 percent of the
students had a partial scientific conception because they thought that the refraction of

light does not occur, but that the light will reflect to the incident light.
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Color

The concept of color can be divided into four sub concepts: color in
white light, colored objects in color light, color using a filter, and seeing color. The
percentages of Sara school students in each category of color before (pretest) and after

(posttest) implementing the LLU is shown in Table 6.5.

Table 6.5 Percentages of Sara school students in each category of color before

(pretest) and after (posttest) implementing the LLU

Percentages of the Students

e Partial
Color Concepts Test  Scientific Scientific Misconception No
Concept Response
Concept

Color in white Pre 0 0 100 0
light Post 115 0 88.5 0
Colored objectin ~ Pre 0 0 92 8
colored light Post 27 0 73 0
. Pre 0 0 100 0

Color using a filter Post 15.4 0 R4.6 0
Seeing color Pre 8 0 02 0
g Post  53.8 0 46.2 0

For the color in white light concept, 11.5 percent of the students had a
scientific conception about color in white light because they knew that when someone
sees black, light from the black object didn’t reflect to his/ her eyes, and when
someone sees white, the light rays from the object reflect all of the rays to his/her
eyes. A total of 88.5 percent of the students had a misconception about color because
they did not understand that the color of an object is a physical property of that object

and the color of an object is determined by what color of light it absorbs.

For the colored object in a colored light concept, the researcher let the
students choose the answer and reason which best explained what happened when the
students wore red and white striped T-shirts with green caps in a green spotlight.

Twenty seven percent of the students held the scientific concept that they would see
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themselves wearing a striped T-shirt with green and black stripes and a green cap in
the green spotlight. A total of 73 percent of the students held a misconception because
they could not choose the right answer and reason. They thought that they would see

themselves wearing a green T-shirt with and a green cap in the green spotlight.

For the color by filter concept, the researcher let the students choose
the answer and reason which best explained how a color filter works. Only 15.4
percent of the students used a scientific concept because they chose the right answer
and reason about how a color filter works. They thought that the color of an object is
the color of the light that is reflected by the object. A total of 84.6 percent of the
students gave the wrong answer and reason about how a color filter works. They

thought that the function of a filter is to change the color of the transmitted light.

For the seeing color concept, the researcher let the students choose the
answer and reason which best explained what happened when the students looked at a
green object for a long time and then looked at a white wall and why. A total of 53.8
percent of the students had the scientific concept that they would see a purple wall
because they had stared at the green object for a long time, and it made the green cone
cells in the fovea of the eye unresponsive while the other cells responded (red and
blue cone cells). A total of 46.2 percent of the students held a misconception because
they could not choose the right answer and reason. They thought that they would see a
green wall because the brain would recognize the color they had looked at the first

time.

Optical Instruments

The concept of optical instruments can be divided into three sub
concepts: telescopes, microscopes, and a comparison between a camera and the
human eye. The percentages of Sara school students in each category of optical
instrument before (pretest) and after (posttest) implementing the LLU is shown in

Table 6.6.
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Table 6.6 Percentages of Sara school students in each category of optical instruments

before (pretest) and after (posttest) implementing the LLU

Percentages of Students

Partial
Optical Instrument  Test Scientific Scientifi Misconceptio No
Concepts Concept c n Response
Concept
Telescopes Pre 0 0 26 4
Post 30 0 70 0
Microscopes Pre 0 0 o6 4
Post 30 0 62 8
A comparison Pre 0 0 96 4
between a camera and  Post 50 0 50 0

the human eye

For the telescope concept, the researcher let the students choose the
answer and reason which best explained how a telescope works. Thirty percent of the
students had a scientific concept because they chose the right answer and reason.
They thought that the objective lens of the telescope made the real upside down image
and then the eyepiece lens made the image bigger. Seventy percent of the students
gave the wrong answer and reason about how a telescope works. They thought that

the objective lens of a telescope makes a bigger image.

For the microscope concept, the researcher let the students choose the
answer and reason which best explained how a microscope works. Thirty percent of
the students held a scientific concept because they chose the right answer and reason.
They thought that the image from a microscope is big and the position of the real
image formed by the objective lens is less than the focal length of the eyepiece lens.
Sixty two percent of the students gave the wrong answer and reason about how a
microscope works. They thought that the image from the microscope is big and the
position of the real image formed by the objective lens is more than two focal lengths

of the eyepiece lens. Eight percent of the students did not respond to the question.

For the comparison between a camera and the human eye concept, the

researcher let the students choose the answer and reason to a question about the
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difference between an image from a camera and an image from the human eye and
why. Fifty percent of the students held a scientific concept because they chose the
right answer and reason. They thought that both the image from a camera and from
the human eye were the real images, and smaller than the actual object. Fifty percent
of the students gave a wrong answer and reason about how a microscope works. They
thought that there is a difference between the image from a camera and the image in
the human eye. The image from the camera is the real image, and smaller than the
actual object, but the image from the human eye is a virtual image and smaller than

the actual object.

Seeing

The concept of seeing can be divided into three sub concepts: seeing
the candle flame, the candle stick, and eye problems. The percentages of Sara school
students in each category of seeing before (pretest) and after (posttest) implementing

the LLU is shown in Table 6.7.

Table 6.7 Percentages of Sara school students in each category of seeing before

(pretest) and after (posttest) implementing the LLU

Percentages of the Students

L Partial . .
Seeing Concepts  Test Scientific Scientific Misconceptio No
Concept n Response
Concept
Seeing the candle  Pre 8 0 84 8
flame Post 15.4 0 84.6 0
Seeing the candle ~ Pre 8 0 88 4
stick Post 30 0 70 0
Eye problems Pre 8 0 82 0
Post 34.6 0 65.4 0

For the concept of seeing the candle flame, the researcher let the
students choose the answer that explained how the students saw the candle flame in a
dark room and asked them to draw a picture to represent it. Just 15.4 percent of the
students held a scientific concept because they chose the right answer and reason to

explain how the light from the candle flame traveled to their eyes. Eighty four percent
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of the students gave the wrong answer and reason about seeing the candle flame. They
thought that the reflected light from the candle flame traveled to their eyes, the light
from their eyes traveled to the candle flame, and the light from the candle flame

traveled to their eyes and then to the candle flame again.

For the seeing the candle stick concept, the researcher let the students
choose the answer that best explained how the students saw the candle stick in the
dark room and asked them to draw a picture to represent it. Thirty percent of the
students held a scientific concept because they chose the right answer and reason: the
light from the candle flame shined to the candle stick and then reflected to the
students’ eyes. Seventy percent of the students gave the wrong answer and reason
about seeing the candle stick. They thought that the reflected light from the candle
stick traveled to their eyes, the light from the eyes traveled to the candle stick, and the
light from the candle stick traveled to the students’ eyes and then to the candle stick

again.

For the eye problem concept, the researcher let the students choose the
answer and reason that best explained what the eye problem was in a picture that was
given to them. A total of 34.6 percent of the students held a scientific concept because
they chose the right answer and reason. They thought that the given picture showed
nearsightedness. When people become nearsighted, a diverging eyeglass lens is used
to correct this condition. When the students put a diverging lens into the eyeglasses,
the lens spread the light out before it got to the eye-lens. When the eye lens
converged the light, the light converged at the back of the eye for proper focus. A
total of 65.4 percent of the students gave a wrong answer and reason about the eye
problem. They thought that the given picture showed nearsightedness. When the
students put a diverging lens into the eyeglasses, this lens spread the light out before it
got to the eye-lens, and when the eye lens converged the light, the light converged on

the back of the eye for proper focus.
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In conclusion, these findings indicate that most of Sompong’s students were
classified as having scientific conceptions of light. Students’ understanding could
result from the learning activities provided in the teaching unit. Sompong’s students
received opportunities to construct their learning through interaction with their peers.
Sompong encouraged the students by asking many questions. He often used
thoughtful, open-ended questions to stimulate the students. He also used a meaningful
context to help students develop the concept in the real world. However, these
findings also show that some students retained misconceptions. Some concepts
appeared more difficult for students to understand, especially the curved mirror and

lens, refraction of light, color, optical instruments, and seeing.

Three Focused Students’ Conceptions about Light before (pretest) and after

(posttest) Implementing the Light Learning Unit (LLU)

The three students’ responses and explanations related to light concepts were
divided into four categories and analyzed. The categories include scientific
conception (SC), partial scientific conception (PSC), Misconception (MC), and No

response (NR). The details of each student’s conception of light are shown below.

Soraya’s Conception of Light before (pretest) and after (posttest) Implementing
the LLU

Table 6.8 shows Soraya’s conception of light before (pretest) and after
(posttest) implementing the LLU.

Table 6.8 Soraya’s conception of light before (pretest) and after (posttest)

implementing the LLU
Concepts Sub Concepts The Pre-Instruction The Post-Instruction
of Light Conceptions Conceptions
Travel of light Light can travel unjcil itis Light can travel unjcil itis
Nature bl.ocked by somet.hlng.(SC’) bl.ocked by something.(SC)
of light Light from a luminous object  Light emanates from an

Light source travels only as far as it can object leaving each point of
illuminate the object the light source and
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Concepts Sub The Pre-Instruction The Post-Instruction
of Light Concepts Conceptions Conceptions
. area surrounding the propagates diverging in all
Light source luminous object.(MC) spatial directions.(SC)
Light can totally pass Light can totally pass
N through a transparent through a transparent
ature . . . .
: . object and light can object and light can
of light Media of 3 .
light partially pass t.hrough a partially pass t‘hrough a
translucent object, but translucent object, but
light cannot pass through  light cannot pass through
an opaque object.(SC) an opaque object (SC)
The image of an objectis ~ The image lies behind the
Image lies on the mirrored mirror and it is just as far
behind the surface.(MC) behind the mirror as the
mirror actual object is in front of
the mirror.(SC)
Image is a The image is a left-right The image is a left-right
left-right reversal.(SC) reversal.(SC)
reversal
The image existed The image existed
Curve mirror between the focal point (f) between the focal point
) and 2f and the image (f) and 2f and the image
would be the same size as  would be the same size as
the actual object.(MC) the actual object.(MC)
The focal length is 0.1 The focal length is 0.03
The Curve mirror  meters and they can tell meters and they can tell
image 2 that the curved mirroris a  that the curved mirror is a
formation concave mirror.(SC) convex mirror.(MC)

Image
formation by
lens 1

Image
formation by
lens 2

The focal length is 0.09
meters and they can tell
that the lens is a
converging lens and the
magnification of the lens
is 1/3.(SC)

The image distance is 0.1
meters, and they can tell
that the image is a real
image and the

magnification of the lens
is 2.(MC)

The focal length is 0.09
meters and they can tell
that the lens is a
converging lens and the
magnification of the lens
is 1/3.(SC)

The image distance is
0.05 meters and they can
tell that the image is a
real image and the

magnification of the lens
is 2.(MC)
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Concepts Sub The Pre-Instruction The Post-Instruction

of Light Concepts Conceptions Conceptions
The refraction The refracted ray that The refracted ray that
of light 1 correctly expresses the correctly expresses the

The refraction
of light 2

refraction of light when
light travels from oil into
water bends toward the
normal line. (MC)

The image of a fish is
shallower than it should be
because the speed of light

refraction of light when
light travels from oil
into water bends away
from the normal line.
(SC)

The image of a fish is
shallower than it should
be because the speed of

through the water is slower  light through the water
than the speed of light is slower than the speed
Th through the air. (SC) of light through the air.
e
refraction ) . (5C) .
of light The refraction  Purple is the least refracted  Purple is the most
of a prism and the red is the most refracted and red is the
refracted. (MC) least refracted and the
spectrum of a rainbow
made by a prism is
continuous and each
color has its own exact
boundary. (PSC)
Refraction The refraction of light does  The refraction of light
when an not occur but the light will ~ does not occur but the
incident light  reflect to the opposite. (MC) light will reflect to the
ray travels opposite. (MC)
perpendicular
to two media
Color in white The color of an object is a When someone sees
light physical property of that black color, light from
object. (MC) the object doesn’t
reflect to his/ her eyes
and when someone sees
white color, the light
rays from the object
Color reflects all of it to

Colored
object in
colored light

No response (NR)

his/her eyes. (SC)

The students would see
themselves wearing
striped T-shirts with
green and black stripes
and green caps in the
green spotlight. (SC)
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Concepts Sub The Pre-Instruction The Post-Instruction
of Light Concepts Conceptions Conceptions
Color using a The function of a filter isto ~ The color of an object
filter change the color of the is the color of the light
transmitted light. (MC) that is reflected by that
object. (SC)
C Seeing color  The students would see a The students would see
olor .
green wall because the brain the green wall because
would recognize the color the brain would
they had looked at the first ~ recognize the color
time. (MC) they had looked at the
first time. (MC)
Telescope The objective lens of the The objective lens of
telescope makes a bigger the telescope makes the
image. (MC) real upside down image
and the eyepiece lens
makes the image
bigger. (SC)
Microscope  The image from a The image from a
microscope is big and the microscope is big and
position of a real image the position of a real
Ot formed by the objective lens image formed by the
ptical . Lo .
Instrument is less than two fogal objective lens is less
lengths of the eyepiece lens. than two focal lengths
(SC) of the eyepiece lens.
(SC)
A The image from a camera is Both the image from a
comparison  the real image and is smaller camera and from the
between a than the actual object, but human eye are real
camera and  the image from a human eye images, and smaller
the human is the virtual image and than the actual object.
eye smaller than the actual (SC)
object. (MC)
Seeing the The reflected light from the ~ The light from the
candle flame candle flame travels to the candle flame travels to
students’ eyes. (MC) students’ eyes. (SC)
Secing Seeing the The light from the candle The light from the

candle stick

stick travels to the students’

eyes. (MC)

candle flame shines on
the candle stick and
then is reflected to the
students’ eyes. (SC)
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Concepts Sub The Pre-Instruction The Post-Instruction
of Light Concepts Conceptions Conceptions
The eye The given picture is The given picture is
problem nearsightedness. When the nearsightedness. When
students put a converging  the students put a
lens into the eyeglasses, converging lens into the
this lens spreads the light  eyeglasses, this lens
. out before it gets to the spreads the light out
Seeing

eye-lens, and when the
eye-lens converges the
light, the light will
converge on the back of
the eye for proper focus.
MO)

before it gets to the eye-
lens, and when the eye-
lens converges the light,
the light will converge on
the back of the eye for
proper focus. (MC)

While Soraya showed evidence of holding a misconception of light in the pre-
instruction phase for several concepts, she did have a scientific conception of the
nature of light (travel of light and media of light), image formation by a plane, curved
mirror, and lens (image is a left-right reversal, convex mirror, image formation by a
lens), the refraction of light, and the optical instrument (microscope). After the
instruction, many of Soraya's pre-instruction misconceptions were no longer apparent.
Soraya’s conception changed from misconceptions to scientific conceptions regarding
the concept of the nature of light (light source), image formation by plane, curved
mirror, and lens (the image formation by plan mirror lies behind the mirror), the
refraction of light, color (color in white light, color using a filter), optical instrument
(telescope, the comparison between a camera and the human eye), seeing (seeing the
candle flame and seeing the candle stick). This was supported by Soraya’s worksheet
that showed her understanding about the image formation by a plane mirror. She
wrote that “the image by a plane mirror is behind the mirror and the distances of
object and image are the same.” However, as Table 6.8 shows, Soraya still had

misconceptions about some sub concepts of the nature of light.
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Dongdao’s Conception of Light before and after the Implementation

Table 6.9 shows Dongdao’s conception of light before and after implementing

the LLU.

Table 6.9 Dongdao’s conception of light before and after implementing the LLU

Concepts of

Sub Concepts

The Pre-Instruction

The Post-Instruction

Light Conceptions Conceptions
Travel of light Light only travel as far Light can travel until
as it is visible, (MC)  1L1S blocked by
' something.(SC)
Light source Light from a luminous  Light emanates from
object travels only as each point of the light
far as it can illuminate ~ source and
the area surrounding the propagates, diverging
Nature luminous object.(MC) iq all §patia1
of light . ' ' dl.rectlons.(SC)
Media of light Light can totally pass Light can totally pass
through a transparent through a transparent
object, and light can object, and light can
partially pass through a  partially pass through
translucent object, but  a translucent object,
light cannot pass but light cannot pass
through an opaque through an opaque
object. (SC) object. (SC)
Image lies The image of an object =~ The image lies behind
behind the is on the mirror the mirror and it is
mirror surface.(MC) just as far behind the
mirror as the actual
object is in front of
the mirror.(SC)
The i Image is a left- The image of an object ~ The image is a left-
e image . .
formation right reversal was exactly the same as  right reversal.(SC)

Curve mirror 1

the actual object. (MC)
The image existed
between the focal point
(f) and 2f and the image
would be the same size
as the actual
object.(MC)

The image existed
between the focal
point (f) and 2f and
the image would be
the same size as the
actual object.(MC)
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Concepts of

Sub Concepts

The Pre-Instruction

The Post-Instruction

Light Conceptions Conceptions
Curved mirror 2 The focal length is 0.1  The focal length is
meter and they identify  0.03 meters and they
the curved mirror as a identify the curved
concave mirror.(SC) mirror as a convex
mirror.(MC)
Image formation = No response (NR) The focal length is
by a lens 1 0.09 meters and they
. state that the lens is a
The image .
formation converging leqs and
the magnification of
the lens is 1/3.(SC)
Image formation No response (NR) The image distance is
by a lens 2 0.05 meters and they
state that the image is
a real image and the
magnification of the
lens is 2.(MC)
The refraction of The refracted ray that The refracted ray that
light 1 correctly expresses the  correctly expresses
refraction of light when  the refraction of light
light travels from oil when light travels
into water bends toward from oil into water
the normal line. (MC) bends toward the
normal line. (MC)
The refraction of The image of a fish is The image of a fish is
light 2 deeper than it should be shallower than it
because the speed of should be because the
The light through the water  speed of light through
refraction of is faster than the speed  the water is slower
light of light through the air.  than the speed of light
(MC) through the air. (SC)

The refraction of
a prism

Purple is the least
refracted and red is the
most refracted. (MC)

Purple is most
refracted and red is
the least refracted and
the spectrum of a
rainbow made by a
prism is continuous
and each color has its
own exact boundary.
(PSC)



Table 6.9 (Continued)

148

Concepts of
Light

Sub Concepts

The Pre-Instruction
Conceptions

The Post-
Instruction
Conceptions

Refraction when

The refraction of light

The refraction of

the incident light does not occur light does not occur,
The refraction  ray travels because front waves  but the light will
of light perpendicular to  of the incident light reflect to the

two media travel to the medium  opposite direction.
at the same time. (SC) (MC)

Color in white The color of an object Black is the least

light is a physical property  refracted and white
of that object. (MC) is the most reflected.

(MC)

Color object in The students see The students would

color light themselves wearing see themselves
striped T-shirts with ~ wearing striped T-
green and yellow shirts with green
stripes and a green and yellow stripes
cap using a green and a green cap
spotlight. (MC) using a green

spotlight. (MC)

Color by the The filter reflects the ~ The color of an

Color filter color red to the eyes.  object is the color of
(MC) the light that is
reflected by that
object. (SC)

Seeing color The students see a The students would
purple wall because see a purple wall
the students saw a because the students
green object for a saw a green object
long time, and it made for a long time, it
the green cone cells in  made the green cone
the fovea of the eye cells in fovea of the
not responsive while  eye not responsive
the red and blue cone  while the red and
cells responded. (SC)  blue cone cells

responded. (SC)

Telescope The objective lens of  The objective lens
the telescope makes a  of the telescope

Optical bigger image. (MC) makes‘a real upside
down image and
Instruments

then the eyepiece
lens makes the
image bigger. (SC)



Table 6.9 (Continued)

149

Concepts of

Sub Concepts

The Pre-Instruction

The Post-Instruction

Light Conceptions Conceptions
Microscopes The image from a The image from the
microscope is big and  microscope is big and
the position of the real the position of the real
image formed by the = image formed by the
objective lens is less  objective lens is less
than two focal lengths than two focal lengths
of the eyepiece lens. of the eyepiece lens.
Optical . (SC). (SC).
Instruments A comparison The image from 'the The image from 'the
between a camera is a real image camera is a real image
camera and the and smaller than the and smaller than the
human eye actual object, but the  actual object. The
image from the image from the human
human eye is a virtual eye is a virtual image
image and smaller and is the same the
than the actual object.  size as the actual
(MC) object. (MC)

Seeing the candle The reflected light The reflected light

flame from the candle flame from the candle flame
travels to the travels to the students’
students’ eyes. (MC)  eyes. (MC)

Seeing the candle The light from the The light from the

stick candle flame shines to candle stick travels to
the candle stick and the students’ eyes.
then reflects to the (MC)
students’ eyes. (SC)

The eye problem  The given picture The given picture
showed near- showed

: sightedness. When the nearsightedness. When
Seeing

students put a
converging lens into
the eyeglasses, this
lens spread the light
out before it got to the
eye-lens, and when
the eye-lens
converged the light,
the light converged
on the back of the eye
for proper focus.
MC)

the students put a
converging lens into
the eyeglasses, this
lens spread the light
out before it got to the
eye-lens, and when the
eye-lens converged the
light, the light
converged on the back
of the eye for proper
focus. (MC)
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Dongdao showed evidence of holding pre-instruction misconceptions about
several concepts concerning light. For example, the nature of light (travel of light,
light source), image formation by a plane mirror, curved mirror and lens (image
formation by a plane mirror lies behind the mirror, image is a left-right reversal,
concave mirror), the refraction of light (the refraction of light 1, the refraction of light
2, the refraction of a prism), color (color in white light, a colored object in colored
light, color using a filter), optical instruments (telescopes and a comparison between

the camera and the human eye), and seeing (seeing a candle flame, the eye problem).

Throughout the implementation phase of the study, Dongdao’s conceptions
changed from misconceptions to scientific conceptions regarding the concepts of the
nature of light (travel of light and light source), image formation by a plane mirror,
curved mirror and lens (image formation by a plane mirror lies behind the mirror,
image is a left-right reversal, and image formation by lens 1, the refraction of light
(the refraction of light 2 and refraction using a prism), color (color using a filter), and
optical instruments (telescope). This was supported by Dongdao’s worksheet that
showed her understanding about the image formation by a plane mirror. She wrote

that “the image by a plane mirror is a left-right reversal.”

Pakphum’s Conception of Light before and after the Implementation

Table 6.10 shows Pakphum’s conception of light before and after
implementing the LLU.

Table 6.10 Pakphum’s conception of light before and after implementing the LLU

Concepts of Sub Concents The Pre-Instruction ~ The Post-Instruction
Light P Conceptions Conceptions

N Travel of light  Light travels until it is Light travels until it is

Ofaltiugrﬁt blocked by out of energy. (MC)

something.(SC)
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Table 6.10 (Continued)

Concepts of The Pre-Instruction The Post-
Light Sub Concepts Conceptions Instruct_lon
Conceptions
Light source Light from a luminous Light emanates from
object travels only as far as each point of the
it illuminates the area light source and
surrounding the luminous  propagates,
object.(MC) diverging in all
spatial
directions.(SC)
Nature Media of light Light can pass through Light can totally
of light both transparent and pass through
translucent objects, but transparent objects
there is no difference and light can
between transparent and partially pass

translucent objects. (PSC)  through translucent

objects, but light
cannot pass through
opaque objects(SC)

Image lies The image of an objectis ~ The image lies

behind the mirror  on the mirror surface.(MC) behind the mirror
and it is just as far
behind the mirror as
the actual object is
in front of the

mirror.(SC)
Image is a left- The image is a left-right The image is a left-
right reversal reversal.(SC) right reversal.(SC)

Curved mirror I~ The image existed between The image existed
the focal point (f) and 2f between the focal
and the image is the same  point (f) and 2f and

size as the actual the image is the
The image object.(MC) same size as the
formation actual object.(MC)
Curved mirror 2 The focal length is 0.1 The focal length is
meters and students 0.03 meter and
identify the curved mirror  students can identify
as a concave mirror.(SC) the curved mirror as
a convex
mirror.(MC)
Image formation  The focal length is 0.09 The focal length is
by lens 1 meters and students can 0.09 meters and
tell that the lens is a students can tell that
converging lens and the the lens is a
magnification of the lens is  converging lens and
1/3.(SC) the magnification of

the lens is 1/3.(SC)
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Concepts of

Sub Concepts

The Pre-Instruction

The Post-Instruction

Light Conceptions Conceptions
Image formation by The image distance is The image distance is
alens 2 0.05 meters and students  0.05 meters and

can tell that the image is  students can tell that
Image a real image and the the image is a real
formation

magnification of the
lens is 2.(MC)

image and the
magnification of the
lens is 2.(MC)

The
refraction of
light

The refraction of
light 1

The refraction of
light 2

Refraction from a
prism

Refraction when an

The refracted ray that
correctly expresses the
refraction of light when
light travels from oil
into water bends toward
the normal line. (MC)

The image of a fish is
shallower than it should
be because the speed of
light through the water
is slower than the speed
of light through the air.
(SC)

Purple is the least
refracted color and red
is the most refracted
color. (MC)

Refraction of light does

The refracted ray that
correctly expresses the
refraction of light
when light travels
from oil into water
bends away from the
normal line. (SC)

The image of a fish is
shallower than it
should be because the
speed of light through
the water is slower
than the speed of light
through the air. (SC)
Purple is most
refracted color and red
is the least refracted
color. The spectrum of
a rainbow made by a
prism is continuous
and each color has its
own exact boundary.
(PSC)

Refraction of light

Color

incident light ray not occur but the light does not occur, but the
travels will reflect in the light will reflect in the
perpendicular to opposite direction. opposite direction.
two media (MC) (MC)
Color in white light The color of an objectis When someone sees

a physical property of the color black, light

that object. (MC)

from the object does
not reflect to his/ her
eyes, and when
someone sees white
the light rays from the
object reflect all of the
light to his/her
eyes.(SC)
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Concepts of

Sub Concepts

The Pre-Instruction

The Post-Instruction

Light Conceptions Conceptions

Colored objectin  No response (NR) The students see

colored light themselves wearing a

T-shirt with green and
black stripes and a
green cap under the
green spotlight. (SC)

Color using a The function of a filter is to  The color of an object

Color filter change the color of the is the color of the
transmitted light. (MC) light that is reflected
by that object. (SC)

Seeing color The students see a green The students see a
wall because the brain green wall because
would recognize the color  the brain would
they looked at the first recognize the color
time. (MC) they looked at the first

time. (MC)

Telescope The objective lens of a The objective lens of
telescope makes a bigger a telescope makes the
image. (MC) real upside down

image and then the
eyepiece lens makes
the image bigger.
(8C)

Microscope The image from a The image from a
microscope is big and the microscope is big and
position of the real image the position of the real

Optical formed by the objective image formed by the
Instrument lens is less than two focal objective lens is less

A comparison
between a camera
and the human
eye

lengths of the eyepiece
lens. (SC)

The image from the camera

is the real image and
smaller than the actual

object, but the image from
the human eyes is a virtual
image and smaller than the

actual object. (MC)

than two focal lengths
of the eyepiece lens.
(8C)

Both the image from a
camera and the human
eye are real images,
and smaller than the
actual object. (SC)
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Concepts The Pre-Instruction The Po?t‘
. Sub Concepts . Instruction
of Light Conceptions .
Conceptions
Seeing the candle  The reflected light from The light from the
flame the candle flame travels candle flame travels
to the students’ eyes. to the students’
(MC) eyes. (SC)
Seeing the candle  The light from the The light from the
stick candle stick travels to candle flame shines
the students’ eyes. on the candle stick
(MC) and then reflects to
the students’ eyes.
(SC)
The eye problem  The picture illustrates The picture
Sceing nearsightedness. When illustrates
the students put a nearsightedness.

converging lens into the
eyeglasses, the lens
spreads the light out
before it gets to the
eye-lens, and when the
eye-lens converges the
light, the light
converges on the back
of the eye for proper
focus. (MC)

When the students
put a converging
lens into the
eyeglasses, the lens
spreads the light out
before it gets to the
eye-lens, and when
the eye-lens
converges the light,
the light will now
converge on the
back of the eye for
proper focus. (MC)

Before teaching the concepts of light, Pakphum showed evidence of holding

misconceptions regarding several concepts, except for the concept of the nature of

light (travel of light), image formation by plane, curved mirror (image is a left-right

reversal, convex mirror, and image formation by lens 1), the refraction of light (the

refraction of light 2), and optical instruments (microscope).

Many of the pre-instructional misconceptions were no longer apparent and

they became scientific conceptions. This was supported by Pakphum’s worksheet that

showed his understanding about the refraction of light. He wrote that “the refraction

of light when light travels from oil into water bends away from the normal line
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because the speed of light in water is less than that in water.” However, Pakphum still

retained some misconceptions.

In conclusion, students showed scientific conceptions about light in all six
concepts: the nature of light, image formation by a plane mirror and lens, curved
mirrors, refraction of light, optical instruments, color, and seeing. These findings
imply that the implementation the Light Learning Unit (LLU) enhanced students’

scientific understanding of the concepts of light.

Summary of Sompong’s Case

Sompong taught the concepts of light following the teacher manual of the
Light Learning Unit (LLU). He attempted to follow the teacher manual step by step.
He used various kinds of teaching strategies in his teaching practice. For example, he
focused on students’ prior knowledge, used a meaningful context to help students to
understand the concepts in the real world, encouraged students by asking thoughtful,
open-ended questions, gave the students an opportunity to construct their learning

through interaction with their peers, and focused on the students’ cooperative work.

He employed many assessment strategies. He thought that the unit was useful
for his students. His students were encouraged by asking questions. They learned by
doing hands-on and mind-on activities. Moreover, they had opportunities to share
their ideas with their teacher and peers in their group. Consequently, students’
conceptions were improved. Most of the students had scientific conceptions on the
concept of light. Many of the misconceptions were no longer apparent. Nevertheless,
some students showed misconceptions regarding the concept of light. However,
Sompong could not finish the last three lessons of the unit because of time constraints.
To solve this problem, he provided more time for these lessons and gave a lecture to

summarize the content, but skipped the activity.
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Case Il: Pattana School

School Context

The school was established in 1941 at a suburban site in Bangkok. It is close
to Phatumtani Province. It is a large school with 1,507 students and thirty-seven
classrooms. The school is near the community and also near the community temple.
The school has a kindergarten, primary, and secondary classrooms. There were four
kindergarten classrooms with 40-45 students per class. In grades 1-4, each grade has
four classrooms with 40-45 students per class. In grades 5-6, each grade has 4
classrooms with 40-45 students per class. In Grades 7-9, each grade has three
classrooms with 45-50 students per class. One class consists of students with high
abilities, and the others were made up of students with mixed abilities. The teaching
day begins at 8.30 a.m. and finishes at 3.30 p.m. At the lower secondary level, there
are seven periods a day and each period is 60 minutes long. The students have a
science class for three hours a week. One semester consists of eighteen weeks

including seventeen weeks for teaching and one week for final examinations.

Teacher’s Background

Pranee was a female lower secondary school teacher. In the last two years, she
taught primary school, but now she teaches eighth grade. She had fifteen years of
science teaching experience, and two years of experience teaching the concept of light
to eighth grade students. She taught eighth grade science and health science. She had
a teaching workload of sixteen hours per week. She also was a classroom teacher and
school activity teacher. She was 40 years old. She had a bachelor’s degree in
education and her major was biology. She had never participated in any workshop on
the concept of light or taught the concept of light. She admitted that she had no
confidence teaching the concept of light. Sometimes, she eliminated some concept of
light topics from her teaching including curved mirrors, calculations about image
formation including focus and the distance of an image, and the drawing of a ray

diagram from both mirrors and lenses. Sometimes, she invited other teachers to teach
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specialized, intensive concepts to her students. Pranee usually has her students write a
report before they learn a concept. Then, she lets her students do an experiment and
asks them to find similarities and differences between the report and the results from
the experiment. Additionally, she usually blames her students when they express the
wrong answer. Therefore, some of her students seem quiet and sometimes they are
afraid to answer. Most of the time, she did not wait for the students’ answer, but
answered the questions by herself. Pranee loved attending the workshop. When the
researcher asked her to participate in the study, she agreed to join the study

immediately.

Students’ Background

The students were from one grade eight classroom. There were forty-six
students in this class with twelve boys and thirty-four girls. Their ages were between
thirteen and fourteen years old. Most of them came from low and medium
socioeconomic families. Seventeen students achieved moderate GPAs of 2.0.
Fourteen students had high GPAs of 3.5, and twelve students had GPAs of 3.0.
However, there were only four students who achieved the highest GPA of 4.0. The
students loved to do experiments. When they were doing experiments, they looked
happy. This study focuses on three students who were selected to be studied in depth
concerning the development of their understanding of the concept of light. The
selection was based on a student’s personality in terms of his or her talkativeness.
Pseudonyms were used to represent the students’ names: Pimpa, Pasinee, and Apirom.

The details of these students are described below.

Pimpa

Pimpa was a fourteen year old girl. Her mother and father owned a small

business. Pimpa liked to study science and learn science. Her science achievement

score was 4.0.
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Pasinee

Pasinee was a thirteen year old girl. Her mother and father were laborers. She
did not like science because she thought that science was hard to understand. Her

science learning achievement score was 2.0.

Apirom

Apirom was a fourteen year old girl. Her mother and her father were laborers.
She liked science because she loved to do experiments. Her science learning

achievement score was 3.0.

Classroom Setting

Pranee’s classroom was a normal classroom. When the researcher looked at
the classroom, it was crowded with tables and chairs. Her classroom was next to the
laboratory, but she could not do experiments in the laboratory because the laboratory
was not available. Pranee taught in a science laboratory with insufficient equipment
and materials, especially equipment and material necessary for studying the concept
of light including lenses, prisms, and optical instruments. There was some equipment,
but it was  broken or could not be used at all. Sometimes, the equipment and
materials were not available because they were being used by other teachers. In the
classroom, there were seven student’s tables. Each table consisted of six desks. There

was also one table for the teacher. Pranee’s classroom setting is shown in Figure 6.2.
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Figure 6.2 Pranee’s classroom setting

Research Questions 3: How and to What Degree Are Thai Science Teachers Able
to Implement Light Learning Unit (LLU)?

To answer this research question, Pranee’s teaching practice, including
teaching strategies, and assessment strategies, is described. Moreover, the problems
that she faced during the implementation of the unit and the perception of Pranee and
her students about the unit implementation were investigated. In-depth information on

the process of Pranee’s implementation of the LLU is discussed below.

Pranee’s Teaching Practice: Pranee still Played the Role of a Teller.

Pranee was not worried about implementing the LLU. In the first week, she
skipped asking suggested questions to assess students’ prior knowledge and skipped
an explanation to the students about how to do the activity. She started the lesson by
letting students do the activity. She let her students read the instructions themselves.
She let her students work on the activity and then she asked her students to present the
results. She usually told the students the conclusion of the experiment or activity.

However, in the following weeks, she seemed to follow the teacher manual more
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often. She started to use all of the suggested questions to determine the students’ prior
knowledge, but she still did not explain to the students how to do an experiment or
activity. The details of Pranee’s teaching practices are discussed in terms of her

teaching and assessment strategies below.

Pranee’s Teaching Strategies

Pranee often implemented the unit following the teacher manual, but she
sometimes skipped asking suggested questions to assess students’ prior knowledge.
She often asked the students yes-no questions. She also had some problems with some
concepts because she was unclear about the concepts and the activities. Even though
her teaching strategies focused on cooperative group work and she prepared hands-on
activities that allowed students to think and discuss their work with their peers in
small groups, she never explained the procedure of the experiment to her students.
She often told the students the conclusions of the experiment or activities more often
than she asked them to figure out the conclusions on their own in their groups.

Pranee’s teaching strategies are presented below.

Pranee Asked for Her Students’ Prior Knowledge, but She Did Not

Ask for More Detail or Give Time for Discussion.

During the first week of the implementation, Pranee started the lesson
by letting the students do an activity to elicit the students’ prior knowledge, but she
skipped all probing questions and discussion as suggested in the lesson plan. This was
observed during classroom observation. In lesson one, the Nature of Light, the
students were asked to construct a concept map about the nature of light. Before doing
the activity, Pranee did not explain how to do the activity. She let her students read
the instructions by themselves. During student group work, she gave her students time
to discuss and share ideas to construct a concept map from their own understanding.
Then the concept maps from each group wear presented to the whole class. During the
presentation, one student in each group described his/her understanding of light from

the concept map the group had constructed. After the students’ presentation, Pranee
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asked the students, “Light travels in a straight line, doesn’t it? and “You can prove it
in the next activity”. In the following week, she started to use all of the suggested
questions to determine the students’ prior knowledge. For example, in lesson four, the
refraction of light, Pranee started the by letting the students in each group observe a
pen in a glass filled with water. She asked one student from each group to describe
and share what they had seen. She then asked the students to do an experiment to

check their understanding.

Pranee Rarely Used a Meaningful Context to Help Students
Understand the Concept in the Real World.

When Pranee taught lesson four, the refraction of light, she started the
lesson by letting the students in each group observe a pen in a glass filled with water.
She asked one student from each group to describe and share what they had seen. She
just waited for the students’ answers. When the students answered, she asked the next
question. She rarely helped the students to develop the concept or encouraged the
students to relate the concept to a real life situation. When students in each group
cooperatively did an experiment about the refraction of light, Pranee rarely walked

around from group to group to help her students.

Pranee Usually Asked Students Simple or Yes / No Questions.

During the first week of the implementation, Pranee skipped questions
and classroom discussion as suggested in the lesson plans. In the next lesson, she
asked the students questions and the students answered. Then she moved to other
questions without talking or asking the reasons behind the students’ answers. The
students gave responses students and Pranee did not ask the students about the main
concepts. This was evidenced by classroom observations. In lesson four, the refraction
of light, Pranee let the students in each group observe a pen in a glass filled with
water. She asked one student from each group to describe and share what they had
seen. The following dialogue illustrates how Pranee used questions while students

were studying the refraction of light.
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Pranee: Student 1, describe this pen in a glass filled with water.
Student 1: It looks bigger.

Pranee: Is that right, student 2? Explain.

Student 2: It looks broken.

Pranee: How about you, student 3?

Student 3: It’s looks bigger.

Pranee: How about you, student 4?

Student 4: It looks broken.

Pranee: Does anyone see anything different?
Students: No.
Pranee: What are phenomena that are related to this activity and

appear in your daily lives?

Students: A swimming pool (speak quietly)
Pranee: Write in your notebook.
Pranee: Ok, a representative from each group needs to draw a

ray diagram on the blackboard.

As seen in this dialogue, Pranee elicited responses from her students.
She pointed at one student and asked for an answer to her questions. She did not give
the student time to discuss the topic before answering the questions. More
importantly, she did not ask her students about the cause of the situation, called the
refraction of light, which occurs because light travels from one media to the other

media.

Moreover, she sometimes used yes / no questions and she did not wait
for the students to answer. When the students did not respond to her questions, she did
not repeat, rephrase, or add more questions. For example, during a discussion of the
concept of the refraction of light, she asked the students about the direction of a
refracted ray. Pranee asked, “Is the light bending toward or away from the normal
line? “Is it caused by the light traveling through different media?” She also used

leading questions as illustrated in the dialogue below.
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Pranee: Do you remember what happens when light travels
from one medium to another?

Students: Refraction.

Pranee: As you were doing the experiment, what did the
refracted ray express about the refraction of light when
light travels

from air into plastic? Was it bending toward the normal

line?

Students: Yes.

Pranee: And what happens when light travels from plastic into
air?

Students: It is bending away from the normal line.

Pranee Gave the Students an Opportunity to Construct Their

Learning Through Interaction with Their Peers.

Pranee asked the students to do an experiment about multiple
reflections from two plane mirrors. Pranee distributed two plane mirrors and an object
to each group of students. This experiment was used to determine the relationship
between the number of images formed by two plane mirrors and the value of the angle
between these two mirrors. Pranee did not explain how to do the activity. She asked
the students to read the directions on the worksheet themselves. In group work, the
students observed images formed by two plane mirrors with different angles between
the two mirrors. To do the worksheet, the students in each group had the opportunity
to interact with each other. After doing the experiment, the students helped each other
to answer the questions. The results of the activity in each group were presented and
Pranee told the students the right answers and conclusions about multiple reflections
from two plane mirrors. In following weeks, Pranee’s students were still active
learners because she gave them the opportunity to construct their own knowledge

through active learning.
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Pranee Focused on the Students’ Cooperative Work.

Pranee divided the students into groups of mixed ability and mixed
gender with six to seven students in each group. She explained the role and
responsibility of each student in the group: a collector, a reporter, a presenter, and a
supporter. She didn’t always explain how to do the activity. She let the students read
the instructions by themselves. In all activities, even though Pranee gave the students
time to discuss and share ideas, Pranee rarely walked around from group to group to
help her students. At the end of lesson, she asked the students “Are you done?” then
she asked her students to present the results of the experiment. After that, Prance
asked the students to make a conclusion. If the students could not make a conclusion

themselves, she told them the conclusion.

Assessment Strategies

Pranee employed many strategies to assess the students’ learning outcomes
throughout the implementation of the unit. Students often presented their work to the
whole class. Before the presentation, she asked the students to score each presentation
group. Pranee collected and marked student worksheets regularly and returned the
documents to students. However, she did not discuss their work with the class as a
whole. Pranee emphasized participation in the classroom and scores on tests. At the
end of some lessons, she used peer assessment techniques to grade students’

experiments as suggested by the LLU.

Pranee’s Teaching Problems

Time Constraints

Pranee said that there were many activities in the Light Learning Unit (LLU).

This was one of the obstacles to finishing all of the lessons on time. She thought that

there were too many students in her classroom and that it was hard to manage her
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students. She usually skipped some activities and some student presentations. She did

not teach lesson 8 to the students because she thought that she had taught it before.

She skipped some activities and student presentations because she was afraid
that she would not finish all of the lessons on time. There were many days off which
shortened the teaching time and there were many school activities. For example, the
students had to attend the school sport competition day and had to parade to ban drugs
and parade to raise AIDS awareness. Moreover, they had to take two days off to
complete the National Test and before taking the National Test, they had to prepare

for the test for one week.

Teachers’ Difficulties with Content Knowledge

Pranee had difficulties teaching some concepts. During the discussion of the
concepts of reflection of light, Pranee was not aware of using misconceptions in her
explanations of the reflection of light. She used the wrong explanations to the students

as shown in the following dialogue.

Pranee: How do you see yourself in the silver shiny paper? Is it

the same as you see in a plane mirror?

Students: It’s different.

Pranee: Your image seems blurred, right? Why? Is it the paper?
Students: Yes.

Pranee: Why is the paper different from a plane mirror?
Students: (Silent)

Pranee: It is because there is less incident light.

Pranee did not understand the refraction of light. She told the students that the
activity is about refraction when light travels from air to water. Then, she asked
students whether a ray diagram of the refraction of light is different when light travels
from water to air. She asked the students to observe a pen in a glass filled with water

from the bottom. Some students answered there was a difference and some groups
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answered that there was no difference. She gave the students time to observe the pen
in a glass filled with water. Then, she let a representative from each group draw a ray

diagram on the blackboard in front of the class.

In addition, Pranee was not aware of using incorrect terms to ask or explain
concepts to her students. For example, when discussing image formation from a plane
mirror, she and her students used the word ‘“shadow” to refer to “the image or
reflection”. For example, “Have you ever looked at yourself in a plane mirror? Do

you see your shadow in the mirror? How do you describe what you see?”

Pranee’s Perception of Teaching

Pranee noticed that the students were happy when they were doing some
activities in the LLU unit including the nature of light, curved mirrors and lenses, and
color. Students paid more attention when doing the activities. Pranee said that the
students understood more while they were learning and Pranee herself found it easy to

teach.

Students’ Perception on Pranee’s Teaching

The students loved to learn and gained more knowledge when they were in the

class. One student said,

When the teacher taught, I felt it was easy to understand and gained more
knowledge about light such as reflection of light, refraction of light, image
formation from mirror and lens, color, and the rainbow. From those topics, I
loved to learn the concept of color because the teacher took me to the
computer room and taught me about color using a simulation. I will use the
knowledge for higher level study and in my real life. (Pimpa, Student
reflection, February, 2006)
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In Summary, Pranee followed some activities in the LLU. She tended to be
teacher-centered because she did not give the students a chance to discuss. She
usually asked the students for an answer, but then she moved on to other questions
without talking or asking the reason behind the students’ answers. In addition, she
usually asked students yes / no or plain questions. She hardly ever allowed students
to present their reports, because there was not enough time in class and she usually
made a conclusion of the experiment by herself if the students could not make the
conclusion themselves. When students in groups cooperatively did the experiment
about the refraction of light, she rarely walked around from group to group to help her
students and she never explained the procedure for the experiment to her students at
all. She often told the students the conclusions of the experiments or activities rather
than asking them to figure out the conclusions on their own or in groups. She had
many ways to assess the students’ learning during the implementation of the unit. She
had difficulties with content knowledge regarding reflection and refraction of light. In
spite of these problems, Pranee and her students enjoyed teaching and learning the

concept of light using the LLU.

Research Questions 4: How Does the Implementation the Light Learning Unit
(LLU) Enhance Students’ Scientific Understanding of Concept about Light?

To answer this research question, this section presents the percentage of
students having a scientific concept, a partial scientific concept, a misconception, and
no response to the concept of light from the Light Concept Test (LCT) before and
after implementing the LLU. Then this section presents the conceptions of three

students before and after the implementation of the LLU.

The Students’ Conception of the Concept of Light

Students were asked to complete a light concept test (LCT) after the
implementation of the LLU. The LCT was like the light diagnostic test (LDT),
divided into six concepts: the nature of light, image formation by a plane mirror and

lens, curved mirrors, the refraction of light, optical instruments, color, and seeing. The
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students’ responses and explanations related to light concepts were analyzed and
divided into four categories: scientific conception (SC), partial scientific conception
(PSC), misconception (MC), and no response (NR). The table shows the percentage
of students choosing scientific conception, partial scientific conception,
misconception, and no response to the concept of light from the Light Concept Test

(LCT) before (pretest) and after (posttest) implementing the LLU.

Nature of Light

The Nature of Light can be divided into three sub concepts: the travel
of light, light sources, and media of light. The percentages of Pattana school students
in each category of nature of light before (pretest) and after (posttest) implementing

the LLU is shown in Table 6.11.

Table 6.11 Percentages of Pattana school students in each category of nature of light
before (pretest) and after (posttest) implementing the LLU

Percentages of the Students

Nature of Light Test Scientific P_artl_al_ . . No
Scientific Misconception
Concepts Concept Response
Concept

) Pre 33 0 62 5

Travel of light Post 27 0 15 3

) Pre 0 0 94 6

Light source Post 5 0 90 5

. . Pre 6 94 0 0

Media of light Post 65 23 12 0

For the travel of light concept, the researcher let the students choose
the sentence which best explained how far light goes and why. There is an increase in
the percentage of scientific conceptions in this concept. The percentage of scientific
conceptions increases from 33 percent in the pretest to 82 percent in the posttest.
However, 15 percent of the students still held misconceptions, that light only travels
as far as it is visible, light travels as far as it is possible, and light travels until it is out

of energy, after the LLU implementation.
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For the light source concept, the percentage of scientific conceptions
increases from O percent in the pretest to 5 percent in the posttest. The students had
scientific conceptions: that light emanates leaving each point of the light source and
propagates, diverging in all spatial directions. However, after the LLU
implementation, most of the students, 90 %, still held some misconceptions: that light
is an entity which is located in space (region around the light source), light from a
luminous object travels only as far as it can illuminate the area surrounding the
luminous object, light fades with distance from the source, light goes out only in a

radial direction, or each point on a luminous object emits light in one direction.

Regarding the media of light concept, the researcher gave the students
three media, which showed the amount of light that could pass through each one, to
students to classify, asking them which one was transparent, translucent, or opaque.
The percentage of scientific conceptions increased from 6 percent in the pretest to 65
percent in the posttest. The students had scientific conceptions because they called
objects that can block light opaque objects, they called an object transparent if light
totally passed through it, and they called an object translucent if light partially passed
through it. Only 12 percent of the students held misconceptions because they thought
that light can pass partially through an opaque object. A total of 23 percent of the
students held a partial scientific conception because they thought that light could pass
through both transparent and translucent objects, but that there was no difference

between transparent and translucent objects.

Image Formation

The concept of image formation can be divided into three sub
concepts: image formation by a plane mirror, a curved mirror, and a lens. The
percentages of Pattana school students in each category of image formation before

(pretest) and after (posttest) implementing the LLU is shown in Table 6.12.
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Table 6.12 Percentages of Pattana school students in each category of image

formation before (pretest) and after (posttest) implementing the LLU

Percentages of the Students

Image Formation Test Scientific P.art'f"“. . . No
Concepts Concept Scientific Misconception Response
Concept
p
Image formation Pre 3 0 80 17
by a plane mirror ~ Post
lies behind the 23 0 71 6
mirror
Image is a left- Pre 7 0 89 4
right reversal Post 63 0 34 3
Concave mirror Pre 42 0 26 32
Post 28 0 70 12
Convex mirror Pre 28 0 39 33
Post 23 0 71 6
Image formation Pre 32 0 14 54
by a lens 1 Post 28 0 63 9
Image formation Pre 27 0 23 50
by a lens 2 Post 40 0 48 12

Regarding the image formation by a plane mirror concept, there is an
increase in the percentage of scientific conceptions in this concept. The percentage of
scientific conceptions increased from 3 percent in the pretest to 23 percent in posttest.
The students held the scientific conception that the image lay behind the mirror and it
is just as far behind the mirror as the actual object is in front of the mirror. A total of
71 percent of the students held a misconception because they thought that an object
has its image behind the surface of the mirror in a position that is in front of the

observer.

The other question about the image formation by a plane mirror is a
left-right reversal. There was an increase in the percentage of scientific conceptions in
this concept, from 7 percent in the pretest to 63 percent in the posttest. A total of 34
percent of the students held misconceptions because they thought that an object has its
image behind the surface of the mirror in a position that is in front of the observer.

Only 3 percent of the students did not respond to the question.
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Regarding the image formation by curved mirror concept, the
researcher let the students explain where the image exists, had them find the size of
the image, and asked them to calculate the focal length of the concave mirror when
the researcher put an object between the focal point (f) and 2f of the concave mirror.
There was a decrease in the percentage of scientific conceptions concerning this
concept, from 42 percent in the pretest to 28 percent in the posttest. The students held
scientific conceptions because they knew that the image existed between 2f to infinity
and the image would be bigger than the actual object. A total of 70 percent of the
students held misconceptions because they thought that the image existed between the
focal point (f) and 2f and the image would be the same size as the actual object. Just

12 percent of the students did not respond to the question.

The other question asked concerned image formation by a curved
mirror. The object in this situation was 0.05 meters in front of the curved mirror and
the virtual image existed 0.1 meters behind the mirror. The researcher asked the
students whether the curved mirror was concave or convex, and asked them to
calculate the focal length of the curved mirror. There was a decrease in the percentage
of scientific conceptions regarding this concept, from 28 percent in the pretest to 23
percent in the posttest. The students held scientific conceptions because they were
able to calculate the focal length, which was 0.1 meters, and they could identify the
types of curved mirrors that were concave. A total of 71 percent of the students held a
misconception because they chose the wrong answer. Only 6 percent of the students

did not respond to the question.

Concerning the image formation by a lens concept, the object was 0.18
meters in front of the lens and the image existed 0.06 meters in front of the lens. The
researcher asked the students whether the curved mirror was concave or convex and
asked them to calculate the focal length and the magnification of the lens. There was a
decrease in the percentage of scientific conceptions held regarding this concept, from
32 percent in the pretest to 28 percent in the posttest. The students held scientific
conceptions because they correctly calculated a focal length of 0.09 meters, and

identified the lens as converging with a magnification 1/3. A total of 63 percent of the
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students held a misconception because they chose the wrong answer. Only 9 percent

of the students did not respond to the question.

The second question was about an image formation by a lens. The
object was in 0.1 meters front of the converging lens. The lens had a focal length of
0.05 meters. The researcher asked the students to find the types of images, the image
distance, and the magnification of the lens. There was an increase in the percentage of
scientific conceptions held regarding this concept, from 27 percent in the pretest to 40
percent in the posttest. The students held scientific conceptions because they correctly
calculated the image distance of 0.1 meters, they identified the image as a real image,
and they calculated that the magnification of the lens was 1. A total of 48 percent of
the students held a misconception because they chose the wrong answer. Just 12

percent of the students did not respond to the question.

The Refraction of Light

The concept of the refraction of light can be divided into three sub
concepts: refraction, the refraction from a prism, and refraction when the incident
light ray travels perpendicular to two media. The percentages of Pattana school
students in each category of refraction of light before (pretest) and after (posttest)
implementing the LLU is shown in Table 6.13.

Table 6.13 Percentages of Pattana school students in each category of refraction of

light before (pretest) and after (posttest) implementing the LLU

Percentages of the Students
Partial

Refraction of Light Test Scientific Scientific Misconception No
Concepts Concept Response
Concept
The refraction of light Pre 7 0 92 1
1 Post 7 0 88 5
The refraction of light Pre 8 0 92 0
2 Post 8 0 87 5
The refraction froma  Pre 0 10 90 0
prism Post 10 5 85 0
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Table 6.13 (Continued)

Percentages of the Students

_ _ ... Partial : - No
Refraction of Light Test Scientific Scientific Misconceptio Respons
Concepts Concept n
Concept €
Refraction occurs Pre 11 17 60 12
when the incident
light ray travels Post 9 0 76 15
perpendicular to two
media

Regarding the refraction of light concept, the researcher let the
students choose the possible refracted ray that expressed the refraction of light when
light travels from oil into water. The same percentage of students in the pre and
posttests chose the correct refracted ray that expressed the refraction of light when
light travels from oil into water. A total of 88 percent of the students held
misconceptions because they did not choose the correct refracted ray. Only 5 percent

of the students did not respond to the question.

In an additional problem, the students were asked about the location of
an image of a fish when the observer stands on the bank. The same percentage of
students in pre and posttests chose the correct choice and reason when they observed
the fish. They thought that the image of fish was shallower than it should have been
because of the refraction of light. A total of 87 percent of the students held
misconceptions when they saw the fish. They thought that the image of the fish was
deeper than it should have been because the speed of light through the water was
faster than the speed of light through the air. Just 5 percent of the students did not

respond to the question.

Regarding the refraction of a prism concept, the researcher let the
students choose a picture and reason that best expressed the refraction of light when
light travels into a prism. There was an increase in the percentage of scientific
conceptions in this concept, from 0 percent in the pretest to 10 percent in the posttest.

The students held scientific conceptions because they chose the picture and the reason
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which correctly expressed the refraction of light when light travels into a prism. They
thought that when white light travels through a prism, the angle of refraction is
different for different colors of light, with purple being the most refracted and red the
least refracted. A total of 85 percent of the students held a misconception because
they did not choose the correct picture and reason where purple is the least refracted
and red is the most refracted. Only 5 percent of the students held partial scientific
conceptions because they correctly chose the picture which expressed the refraction of
light, but they thought that the spectrum of a rainbow created by a prism is continuous

and that each color has its own exact boundaries.

Concerning the refraction when an incident light ray travels
perpendicular to two media concept, the researcher let the students choose the answer
and reason which best explained what happened when light passing from one medium
into the another medium hit the second medium at right angles to its surface. There
was a decrease in the percentage of scientific conceptions regarding this concept,
from 11 percent in the pretest to 9 percent in the posttest. The students held the
scientific conceptions that light will not change direction when passing from one
transparent material into another medium if it hits the second material at right angles
to its surface. Because front waves of the incident light incident the medium at the
same time, the refraction of light does not occur. A total of 76 percent of the students
held the misconception that refraction still occurs because light travels from one
medium to another medium or that there is transmission of light from one medium to
the other medium. A total of 15 percent of the students did not respond to the

question.

Color

The concept of color can be divided into for sub concepts: color in
white light, a colored object in colored light, color using a filter, and seeing color. The
percentages of Pattana school students in each category of color before (pretest) and

after (posttest) implementing the LLU is shown in Table 6.14.
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Table 6.14 Percentages of Pattana school students in each category of color before

(pretest) and after (posttest) implementing the LLU

Percentages of the Students
Partial

Color Concepts Test Scientific Scientific Misconception No
Concept Response
Concept
Color in white light Pre 4 0 89 7
Post 25 0 70 5
Color object in color Pre 17 0 88 5
light Post 50 0 46 4
Pre 6 0 83 11
Color by the filter Post 20 0 7 ]
Seeing color Pre 14 0 80 6
Post 10 0 90 0

Regarding the color in white light concept, there was an increase in the
percentage of scientific conceptions from 4 percent in the pretest to 25 percent in the
posttest. The students held scientific conceptions about color in white light because
they knew that when someone sees the color black, light from the object does not
reflect to his/ her eyes and when someone sees the color white, the light rays from the
object reflect all of it to his/her eyes. A total of 70 percent of the students had
misconceptions about color because they believed that the color of an object is a
physical property of that object and the color of an object is determined by what the
color of light it absorbs. Only 5 percent of the students didn’t respond to the question.

Regarding the colored object in colored light concept, the researcher
let the students choose the answer and reason which best explained what happened
when the students wore white and red striped T-shirts with green caps in a green
spotlight. The percentage of scientific conceptions increased from 17 percent in the
pretest to 50 percent in the posttest. The students had the scientific conception that
they would see themselves wearing green and black striped T-shirts with green caps
in the green spotlight. A total of 46 percent of the students held misconceptions
because they could not choose the right answer and reason. These students thought
that they would see themselves wearing green T-shirts with green caps in the green

spotlight. Just 4 percent of the students did not respond to the question.
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Concerning the color by the filter concept, the researcher let the
students choose the answer and reason which best explained how a color filter works.
There was an increase in the percentage of scientific conceptions in this concept from
6 percent in the pretest to 20 percent in the posttest. The students held scientific
conceptions because they correctly chose the answer and reason describing how a
color filter works. They thought that the color of an object is the color of the light that
is reflected by the object. Seventy two percent of the students gave a wrong answer
and reason about how a color filter works. They thought that the function of a filter is
to change the color of the transmitted light. Eight percent of the students did not

respond to the question.

For the seeing color concept, the researcher let the students choose the
answer and reason which best explained what happened when the students looked at a
green object for a long time and then looked at the white wall and why this happened.
There was a decrease in the percentage of scientific conceptions in this concept from
14 percent in the pretest to 10 percent in the posttest. The students held the scientific
conception that they would see a purple wall because they had looked at a green
object for a long time, which made the green cone cells in the fovea of the eye not
responsive while the red and blue cone cells did respond. A total of 90 percent of the
students held misconceptions because they did not choose the right answer and
reason. They thought that they would see a green wall because the brain would

recognize the color they had looked at the first time.

Optical Instruments

The concept of optical instruments can be divided into three sub
concepts: telescopes, microscopes, and a comparison between a camera and the
human eye. The percentages of Pattana school students in each category of optical
instrument before (pretest) and after (posttest) implementing the LLU is shown in

Table 6.15.
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Table 6.15 Percentages of Pattana school students in each category of optical
instruments before (pretest) and after (posttest) implementing the LLU

Percentages of the Students

Optical Instrument  Test Scientific P_artl_al_ . . No
Scientific Misconception
Concepts Concept Response
Concept
Telescopes Pre 53 0 23 24
Post 10 0 80 10
Microscopes Pre 22 0 60 12
P Post 13 0 77 10
A comparison between Iljre 1 0 64 35
ost
a camera and the 85 0 15 0
human eye

Concerning the telescope concept, the researcher let the students
choose the answer and reason which best explained how telescopes work. There was a
decrease in the percentage of scientific conceptions regarding this concept from 53
percent in the pretest to 10 percent in the posttest. The students held a scientific
conception because they chose the correct answer and reason. They thought that the
objective lens of the telescope made a real upside down image and then the eyepiece
lens made the image bigger. Eighty percent of the students gave the wrong answer
and reason to describe how a telescope works. They understood that the objective lens
of the telescope made a bigger image. Only 10 percent of the students did not respond

to the question.

For the microscope concept, the researcher let the students choose the
answer and reason which best explained how a microscope works. There was a
decrease in the percentage of scientific conceptions concerning this concept from 22
percent in the pretest to 13 percent in the posttest. The students had scientific
conceptions because they chose the right answer and reason. They thought that the
image from the microscope was big and the position of the real image formed by the
objective lens was less than the focal length of the eyepiece lens. Seventy seven
percent of the students gave the wrong answer and reason about how a microscope
works. They thought that the image formed by the microscope was big and the

position of the real image formed by the objective lens was more than two focal
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lengths of the eyepiece lens. A total of 10 percent of the students did not respond to

the question.

For a comparison between a camera and the human eye concept, the
researcher let the students choose the answer and reason which described the
difference between an image from a camera and an image from the human eye. There
was an increase the percentage of scientific conceptions in this concept from 1 percent
in the pretest to 85 percent in the posttest. The students held scientific conceptions
because they can chose the right answer and reason. They thought that both the image
from a camera and from the human eye are real images and smaller than the actual
object. Fifteen percent of the students gave a wrong answer and reason about how a
microscope works. They thought that there is a difference between the image from a
camera and from the human eye. The image from a camera is the real image and
smaller than the actual object, but the image from the human eye is a virtual image

and smaller than the actual object.

Seeing

The concepts of seeing can be divided into three sub concepts: seeing
the candle flame, the candle stick, and the eye problem. The percentages of Pattana
school students in each category of seeing before (pretest) and after (posttest)

implementing the LLU is shown in Table 6.16.

Table 6.16 Percentages of Pattana school students in each category of seeing before

(pretest) and after (posttest) implementing the LLU

Percentages of the Students

: Scientific P_artl_al_ . . No
Seeing Concepts Test Scientific Misconception
Concept Response
Concept

Seeing the candle flame Pre 34 0 38 28
Post 10 0 85 5

. . Pre 19 0 71 10
Seeing the candle stick Post 53 0 47 5
The eye problem Pre 3 0 91 6
Post 18 0 82 0
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For the seeing the candle flame concept, the researcher let the students
choose the answer that best explained how the students see the candle flame in a dark
room and also asked them to draw a picture to represent what they had seen. There
was a decrease in the percentage of scientific conceptions in this concept from 34
percent in the pretest to 10 percent in the posttest. The students held scientific
conceptions when they chose the right answer, the light from the candle flame travels
to students’ eyes, and the correct reason. Eighty five percent of the students gave the
wrong answer and reason about seeing the candle flame. They thought that the
reflected light from the candle flame traveled to the their eyes, the light from their
eyes traveled to the candle flame, and the light from the candle flame traveled to their
eyes and then back to the candle flame again. Five percent of the students did not

respond to the question.

For the seeing candle stick concept, the researcher let the students
choose the answer that best explained how the students saw a candle stick in a dark
room and asked them to draw a picture to represent it. There was an increase in the
percentage of scientific conceptions in this concept from 19 percent in the pretest to
53 percent in the posttest. The students held scientific conceptions when they chose
the right answer and reason: the light from the candle flame shines to the candle stick
and then reflects to the students’ eyes. Forty two percent of the students gave the
wrong answer and reason about seeing the candle stick. They thought that the
reflected light from the candle stick traveled to their eyes, the light from their eyes
traveled to the candle stick, and the light from the candle stick traveled to their eyes
and then back to the candle stick again. Five percent of the students did not respond to

the question.

For the eye problem concept, the researcher let the students choose the
answer and reason that best explained what the eye problem was in a given picture.
There was an increase the percentage of scientific conceptions in this concept from 3
percent in the pretest to 18 percent in the posttest. The students held scientific
conceptions because they chose the right answer and reason. They thought that the

given picture showed nearsightedness. When people get nearsighted, a diverging
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eyeglass lens is used to correct this condition. When the students put a diverging lens
into the eyeglasses, this lens spreads the light out before it got to the eye-lens, and
when the eye lens converged the light, the light converged on the back of the eye for
proper focus. Eighty two percent of the students gave a wrong answer and reason
about the eye problem. They thought that the given picture showed nearsightedness.
When the students put a converging lens into the eyeglasses, this lens spread the light
out before it got to the eye-lens, and when the eye lens converged the light, the light

converged on the back of the eye for proper focus.

In conclusion, these findings indicate that there is an increase in the
percentage of scientific conceptions in many concepts of light. However, most of
Pranee’s students were classified as having misconceptions about some of the
concepts of light. Student understanding could result from the learning activities
provided in the teaching unit. Even though Pranee’s students received opportunities to
construct their learning through interaction with their peers, she rarely used a
meaningful context to help students develop the light concept in the real world.
Moreover, she did not encourage her students by asking them thoughtful, open-ended
questions, and she did not give them time for discussion or time to ask for more

details.

Three Focused Students’ Conceptions about Light before (pretest) and after

(posttest) Implementation of the Light Learning Unit (LLU)

The three students’ responses and explanations related to light concepts were
analyzed and divided into four categories: scientific conception (SC), partial scientific
conception (PSC), Misconception (MC), and No response (NR). The details of each

student’s conception of light are shown below.

Pimpa’s Conception of Light before (pretest) and after (posttest)
Implementing the LLU

Table 6.17 shows Pimpa’s conception of light before and after implementing.
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Table 6.17 Pimpa’s conception of light before (pretest) and after (posttest)

implementing the LLU

Concepts  Sub Concepts The Pre-Instruction The Post-Instruction
of Light Conceptions Conceptions

Travel of light Light can travel until it is Light can travel until
blocked by something.(SC) it is blocked by

something.(SC)

Light source Light from a luminous object Light emanates
travels only as far as it can leaving each point of
illuminate the area surrounding  the light source and
the luminous object.(MC) propagates, diverging

Nature in all spatial
of light ' ' . d{rectlons.(SC)

Media of light Light can totally pass througha  Light can totally pass
transparent object and light can  through a transparent
partially pass through a object and light can
translucent object, but light partially pass through
cannot pass through an opaque a translucent object
object.(SC) but light cannot pass

through an opaque
object.(SC)

The image lies The image of an object is on the =~ The image lies behind

behind the mirror surface.(MC) the mirror and it is

mirror just as far behind the
mirror as the actual
object is in front of
the mirror.(SC)

The image is a The image of an object was The image is a left-

left-right exactly the same as the actual right reversal.(SC)

reversal object. (MC)

Curved mirror 1 ~ The image exists between 2fto ~ The image existed
infinity and the image is larger between the focal
than the actual object. (SC) point (f) and 2f and

The image the image is the same
formation size as the actual

Curved mirror 2

Image formation
by lens 1

No Response.(NR)

No Response.(NR)

object.(MC)

The focal length is
0.03 meters and they
can tell that the
curved mirror is
convex.(MC)

The focal length is
0.09 meters and they
can tell that the lens is
converging and the
magnification of the
lens is 1/3.(SC)
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Concepts of

Sub Concepts

The Pre-Instruction

The Post-Instruction

Light Conceptions Conceptions
The image Image formation The image distance is 0.1 The image distance is
formation by lens 2 meters and they can tell ~ 0.05 meters and they

that the image is a real
image and the
magnification of the lens
is 2.(MC)

can tell that the image
is a real image and the
magnification of the
lens is 2.(MC)

The refraction of
light 1

The refraction of
light 2

The corrected refracted
ray that can express the
refraction of light when
light travels from oil into
water is bending toward
the normal line. (MC)

The image of a fish
appears deeper than it
should be because the

The correct refracted
ray that can express the
refraction of light when
light travels from oil
into water is bending
toward the normal line.
(MC)

The image of fish
appears shallower than
it should be because the

speed of light through speed of light through
the water is faster than the water is slower than
. the speed of light the speed of light
g?fi;ﬁfractlon through the air.(MC) through the air. (SC)
The refraction of a  Purple is the least When white light
prism refracted and the red is travels through a prism,
the most refracted color.  the angle of refraction
(MC) is different for different
colors of light. Purple
is the most refracted
and the red is the least
refracted color. (SC)
Refraction when The refraction of light The refraction of light
an incident light does not occur, but the does not occur, but the
ray travels light will reflect in the light will reflect in the
perpendicular to opposite direction. (MC)  opposite direction.
two media (MC)
Color in white The color of an objectis ~ When someone sees
light a physical property of black, light from the
that object. (MC) object doesn’t reflect to
his/ her eyes and when
Color

someone sees white,
the light rays from the
object reflect all of it to
his/her eyes. (SC)
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Concepts of Sub Concepts The Pre-Instruction The Post-Instruction
Light Conceptions Conceptions
Colored object in The students would see The students would
colored light themselves wearing see themselves
striped T-shirts with wearing striped T-
green and black stripes shirts with green and
and green caps under a black stripes and
green spotlight. (SC) green caps under a
green spotlight. (SC)
Color using a filter ~ The function of a filteris  The color of an object
Color to change the color of the is the color of the light
transmitted light. (MC) that is reflected by that
object. (SC)
Seeing color The students would see a  The students would
green wall because the see a green wall
brain would recognize the because the brain
color they had looked at would recognize the
the first time. (MC) color they had looked
at the first time. (MC)
Telescope The objective lens of a The objective lens of a
telescope makes a bigger  telescope makes a
image. (MC) bigger image. (MC)
Microscope The image from a The image from the
microscope is big and the  microscope is big and
position of a real image the position of a real
formed by the objective image formed by the
lens is more than two objective lens is less
Optical focal lengths of the than two focal lengths
Instrument eyepiece lens. (MC) of the eyepiece lens.
(8C)
The comparison The image from the Both the image from a
between camera camera is a real image camera and the human
and human’s eyes  and is smaller than the eye are real images,
actual object, but the and smaller than the
image from the human actual object. (SC)
eye is a virtual image and
smaller than the actual
object. (MC)
Seeing the candle ~ The light from a candle The reflected light
flame flame travels to the from the candle flame
students’ eyes. (SC) travels to the students’
Seeing . . eyes. .(MC)
Seeing the candle The light from the candle  The light from the

stick

stick travels to the
students’ eyes. (MC)

candle stick travels to
the students’ eyes.
(MC)
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Concepts of Sub Concepts The Pre-Instruction The P0§t'
. . Instruction
Light Conceptions .
Conceptions
The eye problem The given picture shows The given picture
nearsightedness. When  shows
the students put a nearsightedness.
converging lens into the When the students
eyeglasses, the lens put a diverging lens
spreads the light out into the eyeglasses,
before it gets to the eye- the lens spreads the
Seeing lens, and when the eye-  light out before it

lens converges the light,
the light will converge
on the back of the eye
for proper focus. (MC)

gets to the eye-lens,
and when the eye-
lens converges the
light, the light will

converge on the
back of the eye for
proper focus. (SC)

While Pimpa showed evidence of holding a misconception of the concept of
light in pre-instruction in several areas, she did have a scientific conception of the
nature of light (light source), image formation by plane, curved mirror, and lens
(image formation by a plane mirror lies behind the mirror, the image is a left-right
reversal, image formation by lens 2), the refraction of light, color, optical instruments
and seeing (seeing the candle stick, the eye problem). After instruction, many of
Pimpa's pre-instruction misconceptions were no longer apparent. Pimpa’s conceptions
changed from misconceptions to scientific conceptions in the concepts of image
formation by plane, curved mirror, and lens (the image formation by plane mirror lies
behind the mirror and the image is a left-right reversal), the refraction of light (the
refraction of light 2 and the refraction from a prism), color (color in white light and
color using a filter), optical instruments (a microscope and the comparison between a
camera and the human eye), and seeing (the eye problem). This was supported by
Pimpa’s worksheet that showed her understanding about the image formation by a
plane mirror. She wrote that “the image by a plane mirror is a left-right reversal.”
However, as Table 6.17 shows, Pimpa still had some misconceptions concerning

some sub concepts of light.
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Pasinee’s Conception of Light before (pretest) and after (posttest)

Implementing the LLU

Table 6.18 shows Pasinee’s conception of light before (pretest) and after

(posttest) implementing the LLU

Table 6.18 Pasinee’s conception of light before (pretest) and after (posttest)

implementing the LLU

Concepts of

Sub Concepts

The Pre-Instruction

The Post-Instruction

Light Conceptions Conceptions

Travel of light Light only travels as far ~ Light can travel until it
as it is visible.(MC) is blocked by

something.(SC)

Light source Light from a luminous Light from a luminous
object travels only as far ~ object travels only as far
as it can illuminate the as it can illuminate the

Nature of area surrounding the area surrouqding the
light _ _ luminous object.(MC) lqmlnous object.(MC)

Media of light Light can pass through Light can pass through
both transparent and both transparent and
translucent objects, but translucent objects, but
there is no difference there is no difference
between transparent and ~ between transparent and
translucent objects.(PSC)  translucent

objects.(PSC)

Image formation The image of an object The image lies behind

by a plane mirror lies on the mirror’s the mirror and it is as far

lies behind the surface.(MC) behind the mirror as the
mirror actual object is in front
of the mirror.(SC)

Image is a left- The image of an object The image is a left-right

right reversal was exactly the same as  reversal.(SC)
the actual object. (MC)

Image Curved mirror 1 The image existed The image existed
formation between the focal point between the focal point

Curved mirror 2

(f) and 2f and the image
was the same size as the
actual object.(MC)

The focal length is 0.1
meters and they
identified the curved
mirror as a concave
mirror (SC)

(f) and 2f and the image
was the same size as the
actual object.(MC)

The focal length is 0.03
meters and they
identified the curved
mirror as a convex
mirror.(MC)
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Concepts of

Sub Concepts

The Pre-Instruction

The Post-Instruction

Light Conceptions Conceptions
Image formation No response (NR) No response (NR)
Image by a lens 1
formation

Image formation
by a lens 2

No response (NR)

No response (NR)

The
refraction of
light

The refraction of
light 1

The refraction of
light 2

The refraction from
a prism

The refraction
when of light when
the incident light
ray travels
perpendicular to

The correct refracted ray
that expresses the
refraction of light when
light travels from oil into
water is bending toward
the normal line. (MC)

The image of a fish
appears deeper than it
should be because the
speed of light through
the water is faster than
the speed of light
through the air.

MC)

Purple is the least
refracted color and red is
the most refracted color.
MC)

The refraction of light
does not occur because
the front waves of the
incident light travel to
the medium at the same

The correct refracted ray
that expresses the
refraction of light when
light travels from oil into
water is bending toward
the normal line. (MC)

The image of a fish
appears deeper than it
should be because the
speed of light through
the water is faster than
the speed of light
through the air.

MC)

Purple is the least
refracted color and red is
the most refracted color.
MC)

The refraction of light
does not occur because
the front waves of the
incident light travel to
the medium at the same

Color

two media time. (SC) time. (SC)
Color in white light The color of an objectis  Black is the least
a physical property of refracted color and white

Colored object in
colored light

Color using a filter

that object. (MC)

The students would see
themselves wearing
green and yellow striped
T-shirts and green caps
under a green spotlight.
(MC)

The filter reflects the
color red to the eyes.
(MC)

is the most reflected
color. (MC)

The students would see
themselves wearing
green and black striped
T-shirts and green caps
under a green spotlight.
(8C)

The color of an object is
the color of the light that
is reflected by that
object. (SC)
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Concepts of

Sub Concepts

The Pre-Instruction

The Post-Instruction

Light Conceptions Conceptions
Seeing color The students would seea  The students would see
green wall because the a green wall because
brain would recognize the the brain would
Color color they had looked at recognize the color they
the first time. (MC) had looked at the first
time. (MC)
Telescope The objective lens of a The objective lens of a
telescope makes a bigger  telescope makes a
image. (MC) bigger image. (MC)
Microscope The image from a The image from a
microscope is big and the  microscope is big and
position of a real image the position of real
formed by the objective image formed by the
Optical lens is smaller than the objective lens is more
I focal length of the than two focal lengths
nstrument . .
eyepiece lens. (SC) of the eyepiece lens.
(MC)
The comparison ~ The image from a camera  Images from both a
between a is the real image and camera and from the
camera and the smaller than the actual human eye are the real
human eye object, but the image from images, and smaller
the human eye is a virtual  than the actual object.
image and is smaller than  (SC)
the actual object. (MC)
Seeing the The reflected light froma  The reflected light from
candle flame candle flame travels to the a candle flame travels
students’ eyes. (MC) to the students’ eyes.
(MC)
Seeing the The light from a candle The light from a candle
candle stick flame shines to a candle flame shines to a candle
stick and then reflects stick and then reflects
back to the students’ eyes.  back to the students’
(SC) eyes. (SC)
The eye problem The picture shows The given picture
Seeing nearsightedness. When the shows farsightedness.

students put a converging
lens into the eyeglasses,
the lens spreads the light
out before it gets to the
eye-lens, and when the
eye-lens converges the
light, the light will
converge on the back of
the eye for proper focus.
MC)

When the students put a
converging lens into the
eyeglasses, this lens
spreads the light out
before it gets to the eye-
lens, and when the eye-
lens converges the light,
the light will converge
on the back of the eye
for proper focus. (MC)
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Pasinee showed evidence of holding several pre-instruction misconceptions
about light. For example, she misunderstood the nature of light (travel of light, light
source), image formation by a plane mirror, curved mirror and lens (image formation
by a plane mirror lies behind the mirror, the image is a left-right reversal, concave
mirror), the refraction of light (the refraction of light 1, the refraction of light 2, the
refraction from a prism), color (color in white light, colored object in colored light,
color using a filter), optical instruments (telescopes and a comparison between a
camera and the human eye), and seeing (seeing the candle flame, eye problems).
Throughout the implementation phase of the study, Pasinee’s conceptions changed
from misconceptions to scientific conceptions in the concepts of the nature of light
(travel of light), image formation by plane mirror, curved mirror, and lens (image
formation by a plane mirror lies behind the mirror, the image is a left-right reversal),
color (colored object in colored light), and optical instruments (a comparison between
a camera and the human eye). This was supported by Pasinee’s worksheet that
showed her understanding about the image formation by a plane mirror. She wrote

that “the image by a plane mirror is a left-right reversal.”

Apirom’s conception of light before (pretest) and after (posttest)

implementing the LLU.

Table 6.19 shows Apirom’s conception of light before (pretest) and after
(posttest) implementing the LLU

Table 6.19 Apirom’s conception of light before (pretest) and after (posttest)

implementing the LLU
Conc_epts of Sub Concepts  The Pre-Instruction Conceptions The Post—lns_tructlon
Light Conceptions
Travel of light  Light continues to travel until it is Light travels until it is out
blocked by something.(SC) of energy. (MC)
The Nat
Oef lighlire Light source Light from a luminous object Light emanates from each
travels only as far as it can point of the light source

illuminate the area surrounding the  and propagates, diverging
luminous object.(MC) in all spatial directions.(SC)
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Concepts of

Sub Concepts

The Pre-Instruction

The Post-Instruction

Light Conceptions Conceptions
Media of light Light can pass through Light can totally pass
both transparent and through transparent
translucent objects, but objects and light can
. there is no difference artially pass through
Nature of light between transparent and ¥[)ranslugelrjlt obj ects,gbut
translucent objects. (PSC) light cannot pass
through opaque
objects (SC)
Image formation The image of an objectis  The image lies behind
by a plane mirror on the mirror the mirror and it is just
lies behind the surface.(MC) as far behind the mirror
mirror as the actual object is in
front of the mirror.(SC)
Image is a left-right The image is a left-right The image is a left-
reversal reversal.(SC) right reversal.(SC)
The image existed The image existed
between the focal point between the focal point
Curve mirror 1 (f) and 2f and the image (f) and 2f and the
was the same size as the image was the same
actual object.(MC) size as the actual
object.(MC)
Curve mirror 2 The focal length is 0.1 The focal length is 0.03
Image meters and students know meters and students
formation that the curved mirror isa  know that the curved

Image formation
by lens 1

Image formation
by lens 2

concave mirror.(SC)

The focal length is 0.09
meters and students know
that the lens is a
diverging lens with a
magnification of
1/3.(MC)

The image distance is 0.1
meters and students know
that the image is a real
image and the
magnification of the lens
is 2(MC)

mirror is a convex
mirror.(MC)

The focal length is 0.09
meters and students
know that the lens is a
converging lens with a
magnification of
1/3.(SC)

The image distance is
0.05 meters and
students know that the
image is a real image
and the magnification
of the lens is 2(MC)

The refraction
of light

The refraction of
light 1

The correct refracted ray
that expresses the
refraction of light when
light travels from oil into
water is bending toward
the normal line. (MC)

The correct refracted
ray that expresses the
refraction of light when
light travels from oil
into water is bending
away from the normal
line. (SC)
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Concepts of
Light

Sub Concepts

The Pre-Instruction
Conceptions

The Post-Instruction
Conceptions

The refraction of
light

The refraction of
light 2

The refraction
from a prism

Refraction when
the incident light
ray travels
perpendicular to
two media

The image of a fish
appears shallower than it
should be because the
speed of light through
the water is slower than
the speed of light
through the air.(SC)

Purple is the least
refracted color and red is
the most refracted color.
MC)

The refraction of light
does not occur, but the
light will reflect to the
opposite side. (MC)

The image of fish
appears shallower than
it should be because
the speed of light
through the water is
slower than the speed
of light through the
air. (SC)

Purple is the most
refracted color, red is
the least refracted
color, and the
spectrum of the
rainbow made by a
prism is continuous
and each color has its
own exact boundary.
(PSC)

The refraction of light
does not occur but the
light will reflect to the
opposite side. (MC)

Color

Color in white
light

Colored object in

colored light

Color using a
filter

The color of an object is
a physical property of
that object. (MC)

No response (NR)

The function of a filter
is to change the color of
the transmitted light.
MC)

When someone sees
the color black, light
from the object
doesn’t reflect to his/
her eyes and when
someone sees the
color white, the light
rays from the object
reflect all of it to
his/her eyes. (SC)

The students see
themselves wearing
green and black
striped T-shirts and
green caps under a
green spotlight. (SC)
The color of an object
is the color of the light
that is reflected by that
object. (SC)
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Concepts of

Sub Concepts

The Pre-Instruction

The Post-Instruction

Light Conceptions Conceptions
Seeing color The students see a green  The students see a green
wall because the brain wall because the brain
Color recognizes the color they recognizes the color
had looked at the first they had looked at the
time. (MC) first time. (MC)
Telescope The objective lens of a The objective lens of a
telescope makes a bigger telescope makes the real
image. (MC) upside down image and
the eyepiece lens makes
the image bigger. (SC)
Microscope The image from the The image from the
microscope is big and microscope is big and
the position of the real the position of the real
image formed by the image formed by the
The Optical objective lens is more objective lens is more
instrument than two focal lengths of  than two focal lengths of
the eyepiece lens. (SC) the eyepiece lens. (SC)
The comparison The image from the Both the image from a
between a camera  camera is the real image  camera and from the
and the human eye  and smaller than the human eye are real
actual object, but the images, and smaller than
image from the human the actual object. (SC)
eye is a virtual image
and smaller than the
actual object. (MC)
Seeing the flame The reflected light from  The light from the
Seeing candle the candle flame travels  candle flame travels to

Seeing the candle

stick

The eye problem

to the students’ eyes.
(MC)

The light from the candle
stick travels to the
students’ eyes. (MC)

The given picture shows
nearsightedness. When
the students put a
converging lens into the
eyeglasses, this lens
spreads the light out
before it gets to the eye-
lens, and when the eye-
lens converges the light,
the light will converge
on the back of the eye
for proper focus. (MC)

the students’ eyes. (SC)

The light from the
candle flame shines on
the candle stick and then
reflects to the students’
eyes. (SC)

The given picture shows
nearsightedness. When
the students put a
converging lens into the
eyeglasses, this lens
spreads the light out
before it gets to the eye-
lens, and when the eye-
lens converges the light,
the light will converge
on the back of the eye
for proper focus. (MC)
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Before teaching of the concepts of light, Apirom showed evidence of holding
misconceptions about several concepts except the concept of the nature of light (travel
of light), image formation by a plane, curved mirror (image is a left-right reversal,
convex mirror, and image formation by lens 1), the refraction of light (the refraction
of light 2), and optical instrument (microscope). Many of the pre-instructional
misconceptions were no longer apparent and they became scientific conceptions. This
was supported by Apirom’s worksheet that showed her understanding about the image
formation by a plane mirror. She wrote that “the image by a plane mirror is behind the
mirror and the distances of object and image are the same.” However, Apirom still

had some misconceptions.

In conclusion, students showed scientific conceptions about light in all six
categories: the nature of light, image formation by plan mirror and lens, curved
mirrors, refraction of light, optical instruments, color, and seeing. These findings
imply that the implementation the Light Learning Unit (LLU) can enhance students’

scientific understanding of light concepts.

Summary of Pranee’s Case

Pranee often implemented the unit following the Light Learning Unit (LLU).
She rarely used a meaningful context to help students develop concepts in the real
world, but she gave the students an opportunity to construct their learning through
interaction with their peers, focused on having the students’ work cooperatively, and
used various kinds of teaching strategies in her teaching practice. She did not focus on
students’ prior knowledge, but encouraged students by asking thoughtful and open-
ended questions. However, she usually asked the students for answers, and then
moved on to other questions without talking or asking for the reasons behind the
students’ answers. She usually made a conclusion of the experiment by herself if the
students could not make their own conclusion. Consequently, some student’s
conceptions were improved, but most of the students still had misconceptions about
the concept of light. Pranee herself also had difficulty with the content knowledge

regarding the reflection and refraction of light. She could not finish the last lesson of
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the unit because of time constraints. She skipped the lesson because she used to teach

it before.

Case I11: Charoen School

School Context

The school was established in 1977 at a suburban site in Bangkok. It is close
to Nontaburi Province and located near a market area. It is a large size school with
1,800 students. The school has two levels, level 3 (Grade 7-9) and level 4 (Grade 10-
12).  Level 3 had twenty four classrooms and Level 4 had twenty one classrooms.
Each grade 7-9 classroom had 40-45 students, and each grade 10-12 classroom had
40-45 students. In grades 7-9, one class consisted of high ability students, and the
others were made up of mixed ability students. The school is famous, so every parent
wanted their child to study there. Every day from 7.40 — 8.20 a.m., students and
teachers sang the national anthem, and clasped their hands and to give thanks to the
country, to Buddha, and to the King. Teaching hours began at 8.30 a.m. and finished
at 15.30 p.m. Each day, there were seven periods of sixty minutes each at the lower
secondary school level. The students had science class three hours a week. One
semester consisted of eighteen weeks including sixteen weeks for teaching and two

weeks for the midterm and final examinations.

Teacher Background

Chaichana was a male lower secondary and high school teacher. He usually
taught the seventh, eighth, and eleventh grade students. He had sixteen years of
experience teaching science and had six years experience teaching the concept of
light. He had a workload of twenty teaching hours per week. He also had
responsibility for Army Reserve Force students. He was forty five years old. He had a
bachelor’s degree in education with a major in biology and he also had a master’s
degree in botany. He loved to participate in workshops that helped him to develop his

career but he had never participated in any workshop involving the concept of light or
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teaching the concept of light. Chaichana usually taught the students by giving them
some knowledge, and then he let his students do an experiment and give a
presentation. In teaching science, he was concerned about students’ prior knowledge
and he was also concerned that the students should learn cooperatively. He used
various kinds of assessment methods including pretests and posttests, the student
presentations, assignments and reports, and student tasks. He usually used an
observation record to check student participation while doing activities, both
individually and in groups, and he also used peer assessment. He usually gave praise
to his students when they answered questions correctly. Chaichana had a problem
when he taught the concept of light. Chaichana said that “the concept of light is
difficult for both teacher and students. To understand this concept, the students have
to understand the basic concept first and they should have appropriate mathematical
skills.” When the researcher asked him to participate in the study, he agreed to join in

the immediately because he needed to develop his concept of light teaching skills.

Student Background

The students were from one grade 8 classroom. There were 42 students in this
class with 11 boys and 31 girls. The students were 13-14 years old. Most of the
students (14 students) had a moderate GPA (2.0). Twelve students had a GPA of 3.5
and eleven had a GPA of 3.0. Only five students achieved the highest GPA (4.0).
Most of the students looked happy when they were learning science. They loved to do
the experiments. This study focuses on three students. Pseudonyms were used to
represent the students’ names, Chadaporn, Chalerm, and Chai. The details of each

student are described below.

Chadaporn

Chadaporn was a fourteen year old girl. Her mother was a housewife, and her
father owned a small business. Chadaporn liked to study science. She believed that
science was necessary for her everyday life. Her science learning achievement score

was 3.0.
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Chalerm

Chalerm was a thirteen year old boy. His mother was a nurse and his father
owned a small business. He didn’t like science because he thought that it was hard to

understand. His science learning achievement score was 2.0.

Chai

Chai was fourteen year old boy. His mother and father were laborers. He liked
science because he loved to do experiments. His science learning achievement score

was 3.0.

Chaichana’s Classroom Setting

Chaichana’s classroom was a big and was also a laboratory. There were nine
tables for the students and one for the teacher. There was a lot of equipment and
material there, but some was unpacked and some was broken. When the researcher
looked at the classroom, it was very dirty. Although Chaichana’s classroom had a lot
of equipment and materials, but they were not suitable for the concept of light unit.
Chaichana taught in a science laboratory with insufficient equipment and materials,
especially, the equipment and materials needed to study the concept of light including
lenses, prisms, and optical instruments. Each table in the classroom consisted of five

groups of students. Figure 6.3 shows Chaichana’s classroom setting.
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Figure 6.3 Chaichana’s classroom setting

Research Questions 3: How and to What Degree Are Thai Science Teachers Able
to Implement Light Learning Unit (LLU)?

To answer this research question, Chaichana’s teaching practices, including
teaching strategies and assessment strategies, are described. Moreover, the problems
that he faced during the implementation the LLU and the perception of Chaichana and
his students about the unit implementation were investigated too. The in-depth
information on the process of Chaichana’s implementation of the LLU is discussed

below.

Chaichana’s Teaching Practices

Chaichana was not worried about implementing the LLU. In the first week, he
skipped asking the suggested questions to assess students’ prior knowledge. He
started the lesson by letting students do an activity. He explained how to do the
activity to the students, and then he let his students work on the activity and asked
them to present the results. During the presentation, he gave the students an
opportunity to ask the presenter of each group questions after he or she finished the

presentation. In the following weeks, he seemed to follow the teacher manual more



197

closely. He used all of the suggested questions to determine the students’
understanding. The details of Chaichana’s teaching practices are discussed, in terms

of his teaching and assessment strategies, below.

Chaichana’s Teaching Strategies

Chaichana implemented the LLU by following the teacher manual. He
asked the students to think, but many times he answered the questions by himself
because his students did not respond to his questions. His teaching strategies focused
on cooperative group work, and also prepared hands-on activities that allowed
students to think about and discuss concepts with their peers in small groups. He also
explained the experiment procedures to the students. He let the students make
conclusions from the experiment or the activities first, and then made his own
conclusion. He used a meaningful context to help students to develop the concept in
the real world. He gave the students an opportunity to construct their learning through
interaction with their peers, and while the students did the experiment, he walked
from group to group to help the students. Chaichana’s teaching strategies are

illustrated below.

Chaichana Increasingly Developed the Students’ Prior Knowledge.

During the first week of the implementation, Chaichana started the
lesson by letting his students do the activity without using the suggested questions to
assess the students’ prior knowledge. This was evidenced by classroom observation.
In lesson one, the Nature of Light, the students were asked to construct a concept map
about the nature of light. Chaichana explained how to do the activity and then let his
students read the instructions. During student group work periods, he gave his
students time to discuss and share their ideas and asked them to construct concept
maps which reflected their own understanding of topics. Then, the concept maps from
each group were presented. He gave the students’ time to ask the presenter of each
group questions after the presentation was finished which resulted in discussions

among the students. In the following weeks, he started to use all of the suggested
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questions to determine the students’ prior knowledge. For example, in lesson four, the
refraction of light, Chaichana started the lesson by letting the students in each group
observe a pen in a glass filled with water. He asked students in each group to describe
and share what they had seen, and he asked one student in each group to share their
ideas. Then he asked them to describe the reasons behind their answers to gain a

better understanding of their prior knowledge.

Chaichana Used a Meaningful Context to Help Students to
Develop the Concept of Light in the Real World.

When Chaichana taught lesson three, the curved mirror, he started the
lesson by encouraging the students in each group to observe and touch some shiny
silver paper that can be bent. He asked the students to compare the reflection on the
paper with a reflection from a plane mirror. He asked the students to bend the silver
paper. After that, he compared the paper to the curved mirror and asked the students
to do an experiment concerning image formation by a curved mirror. Then he asked

the students about the use of curved mirrors in their lives.

Chaichana Encouraged Students by Asking Thoughtful, Open-
Ended Questions.

During the first week of the implementation, Chaichana skipped
questions and classroom discussion as suggested in the lesson plans. In the next
lesson, he asked questions and had classroom discussions as suggested in the lesson
plans. He shared thoughtful and open-ended questions with his students. Chaichana
asked the students about the multiple reflections of two plane mirrors when an object
is placed in front of those two mirrors. He tried to help the students to understand the
relationship between the number of reflections and the angle between the two plane

mirrors. The following was evidenced by classroom observation.

While the students in each group cooperatively talked, thought, and made

conclusions about multiple reflections from two plane mirrors, Chaichana
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asked the students to think about the relationship between the number of
reflections and the angle between two plane mirrors. He first asked the
students about the number of reflections when the angle between two plane
mirrors is zero degrees, and then the number of reflections when the angle
between the two mirrors is increased. During the time that the students worked
cooperatively in groups, Chaichana walked around from group to group to
help his students. He asked students questions to help them to think about the
relationship between the number of reflections and the angle between two

plane mirrors. (Field note, December, 2006)

Moreover, when the students did not respond to his questions, he did
Repeated, rearranged, or added more details to the question. For example, when
discussing the concept of the refraction of light, he asked the students about the cause
of the refraction of light. “What do you think happens when light travels from one
medium to another medium?” “Have you ever seen a fish in the water? What did the

fish look like? What happened there?

Chaichana Gave the Students an Opportunity to Construct Their
Learning Through Interaction with Their Peers, and Through Extended

Participation and Involvement as Group Members.

During the first week of the implementation, Chaichana gave the
students an opportunity to construct their learning through interaction with their peers.
He let his students share an idea about the media of light. The students had a chance
to interact through the experiment and talk with each other in groups. This was
evidenced by classroom observation. During the students’ presentation, he gave the
students time to ask the presenter of each group questions after he or she finished the

presentation.

While the students in each group cooperatively talked about, thought
about, and made conclusions about the media of light, Chaichana extended

participation and involved group members and he defined the three types of media
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which had the property of allowing light to pass through them, as transparent,

translucent, and opaque media.

The teacher and the students talked about the media as the following

dialogue illustrates.

Chaichana:  What is the purpose of this activity?

Student 1: I know. It is to classify the types of media according to
the way light passes through them.

Chaichana:  Yes, that’s right. First, you learn the three types of
media according to the way light to passes through
them. Do you know what are they?

Student 2: Transparent, translucent, and opaque media.

Chaichana:  How do you know which one is transparent, or
translucent, or opaque media?

Student 1: We need to see through the objects. If light can travel
through, it’s transparent, if some light can travel
through, it’s translucent, and if no light can travel
through, it’s opaque.

Student 2: This is a candle paper.

Student 1: Some light can pass through.

Chaichana:  So, what type of media is candle paper?

Student 2: Translucent.

Student 2: How about plastic?

Student 1: Plastic? Light can’t pass through. So, it is opaque.

Chaichana asked students more questions to think about to help them

to understand about the media of light. Then, he walked around from group to group

to help his students when they had problems.
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Chaichana Focused on the Students’ Cooperative Work.

In the first lesson, Chaichana asked the students to form groups
composed of six to seven students. During this time, there was a chaos because the
students wanted to join a group with their best friends. Some groups had only girls or
boys. So, Chaichana had to assign the students to mixed ability and mixed gender
groups. After that, he gave each group member a responsibility which included
collecting data, making a report, presenting the results of the experiment, and
providing support. He also explained the procedure of the experiment to the students.

He walked from group to group to help the students.

At the end of lesson, he asked his students to present the results of the
experiment. After that, he asked the students to make a conclusion. Then he
summarized the conclusion to the students. He used peer assessment techniques to

grade the students’ experiment as suggested by the LLU.

Assessment Strategies

Chaichana used many methods to assess the students’ learning during the
implementation of the LLU. He obviously observed the students while they were
working in groups. He observed the students and then gave the students a score based
upon their performance in their group. He also collected and marked student
worksheets regularly and returned those to the students. Students usually had a chance
to present their work to the whole class. This shows that Chaichana emphasized
participation in the classroom and scores on tests. At the end of the lessons, he used

peer assessment techniques to grade students’ experiments as suggested by the LLU.
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Chaichana’s Teaching Problems

The Time Constraints

Chaichana said that there were too many activities in each lesson and some of
the activities took too much time. He worried about finishing all of the lessons on
time. So, he also skipped Lesson 6, Optical Instruments, because he thought that the
activity in this lesson took too much time. The students were asked to do a group
report about optical instruments instead of doing a group experiment. Even though he
skipped Lesson 6, he still could not finish the last lesson. He could not finish the last
lesson for many reasons. First, every Monday, teaching time was shortened by the
singing of the national anthem, the clasping of hands and giving thanks to the country,
to Buddha, and to the King. Moreover, the principal and other teachers announced the
school news and activities and some days the teachers disciplined the students about
their roles and stated the school rules. These activities were supposed to finish at 8.20,
but sometimes took more than 10-20 minutes. Second, there were many days off
which shortened the teaching time. The students had to attend the school sports
competition day. They had to take the National Test which took two days. Before
taking the National Test, they had to prepare for the test for one week. Finally, the
teacher was asked to attend a workshop for a week, so his students did not learn

science while he was gone.

Teachers’ Difficulties with Content Knowledge

Chaichana had difficulties teaching some concepts of light. During a
discussion about a ray diagram of a concave mirror, Chaichana did not understand
how to draw the diagram because he did not understand the property of concave
mirrors when light from the object travels to the mirror and the reflected ray is

diverted from the mirror.

In addition, Chaichana did not clearly explain the specific word, the critical

angle, or the total internal reflection. In the activity, the students were asked to find
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the angle that made the total internal reflection of the plastic plate and Chaichana did
not discuss what a critical angle means before starting the activity. He did not link the
previous activity to make his students understand the words “critical angle and the
total internal reflection”. The students started to ask Chaichana what critical angle
meant. So, he incorrectly told the students that the critical angle is the angle that
makes a total internal reflection instead of increasing the angle of incidence above the

critical angle which will result in a total internal reflection.

Moreover, Chaichana was not aware of a student’s incorrect explanation of the
media of light while the student was presenting his results in front of the classroom.
He did not clarify the student’s explanation. The student gave the wrong explanation
about types of media. The student said “There are three types of media which have the
property of allowing light to pass through them. They are transparent, translucent,
and opaque media.” The student seemed so confused about the difference between
transparent and translucent media. The student said that light can travel through

translucent media and some light can travel through transparent media.

Chaichana’s Perception of His Teaching

During the implementation, Chaichana thought that the students enjoyed doing
some activities in the LLU unit including the nature of light, curved mirrors and
lenses, and color. Students paid more attention when they were doing the activities.
Chaichana agreed that the students’ prior knowledge was important to the students

when they constructed their own understanding of the unit. Chaichana said,

My students looked happy when they learned by themselves through the
activities and group experiments. I thought that their prior knowledge and
reinforcement were very important. So, I always gave them prior knowledge

and praised them. (Chaichana, interviewed in January, 2006)
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However, Chaichana did not agree with the activities which involved the
design of an experiment. He thought they took too much time. Moreover, the students
did not have any experience in designing an experiment. So, these activities seemed

hard to the students.

Students’ Perceptions of Chaichana’s Teaching

The students loved to learn and gain more knowledge when they were in the

class. The student said,

Learning about the concept of light was good because I understood it and had
fun. I gained knowledge from doing the experiment and I also gained much
experience. I loved that the teachers gave me the opportunity to share my
ideas. My favorite concept was multiple reflections of two plane mirrors
because 1 gained knowledge about the making the multiple reflections and I
also had the responsibility of doing the experiment working within a group.

(Chadaporn, Student reflection, February, 2006)

In Summary, Chaichana followed the guidelines of the LLU. He increasingly
developed a concern for the students’ prior knowledge. He gave time to his students
to discuss and share their ideas. In most of the activities, he used a meaningful context
to help students to develop the concepts in the real world. He also encouraged
students by asking thoughtful and open-ended questions. When the students did not
respond to his questions, he repeated, rearranged, or added more questions. He gave
the students a chance to construct their own learning through interaction with their
peers. Chaichana focused on the students’ cooperative work. He used many methods
to assess the students’ learning during the implementation of the LLU. He had
difficulty with the content knowledge regarding the drawing of a ray diagram of a
concave mirror and understanding the critical angle and the total internal reflection.
Chaichana and his students enjoyed teaching and learning the concept of light using

the LLU even though he did not agree with letting the students design the experiment.
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Research Questions 4: How Does the Implementation the Light Learning Unit
(LLU) Enhance Students’ Scientific Understanding of Concept about Light?

To answer this research question, this section first presents the percentage of
students choosing scientific  conceptions, partial scientific = conceptions,
misconceptions, and no response to the concept of light from the Light Concept Test
(LCT) before and after implementing the LLU. Second, this section presents the

conceptions of three students before and after the LLU implementation.

The Students” Conceptions about the Concepts of Light

Students were asked to complete a light concept test (LCT) after the
implementation of the LLU. The LCT was like the light diagnostic test (LDT), and
was divided into six concepts: the nature of light, image formation by a plane mirror
and lens, curved mirrors, refraction of light, optical instruments, color, and seeing.
The students’ responses and explanations related to the concepts of light were divided
into four categories and analyzed: scientific conceptions (SC), partial scientific
conceptions (PSC), misconceptions (MC), and no response (NR). The students’

conceptions of the concept of light are presented below.

The Nature of Light

The Nature of Light can be divided into three sub concepts: the travel
of light, light sources, and the media of light. The percentages of Charoen school
students in each category of nature of light before (pretest) and after (posttest)
implementing the LLU is shown in Table 6.20.
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Table 6.20 Percentages of Charoen school students in each category of nature of

light before (pretest) and after (posttest) implementing the LLU

Percentages of Students
Partial

Nature of Light Test Scientific NP . . No
Scientific Misconception
Concepts Concept C Response
oncept
. Pre 69 0 31 0
Travel of light Post 64 0 36 0
. Pre 0 0 100 0
Light source Post ) 0 08 0
. . Pre 7 2 91 0
Media of light Post 36 0 64 0

For the travel of light concept, the researcher let the students choose
the sentence which explained how far light goes and why. There is a decrease in the
percentage of scientific conceptions that states that light can travel until it is blocked
by something. The percentages of scientific conceptions decreased from 69 percent in
the pretest to 64 percent in the posttest. However, 36 percent of students held the
misconceptions that light travels as far as it is visible, light travels as far as possible

and light travels until it is out of energy.

For the concept of light sources, there was an increase in the
percentage of scientific conceptions that states that light emanates by leaving each
point of the light source and propagates, diverging in all spatial directions. The
percentage of scientific conceptions increased from 0 percent in the pretest to 2
percent in the posttest. Even though most of students, 98 percent, still held
misconceptions because they explained that light is an entity which is located in space
(the region around the light source), light from a luminous object travels only as far as
it can illuminate the area surrounding the luminous object, light fades with distance
from the source, light goes out only in a radial direction, or each point on a luminous

object emits light in one direction.

For the media of light concept, the researcher created a situation which
included three media. He asked the students to classify which media was transparent,

translucent, or opaque. There was an increase in the percentage of scientific
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conceptions because the students chose the correct answer when they identified an
object that could block light as an opaque object, they called an object transparent if
light could totally pass through the object, and they called an object translucent if
light could partially pass through the object. The percentage of scientific conceptions
increased from 7 percent in the pretest to 36 percent in the posttest. Sixty four percent
of the students held misconceptions because they could not choose the correct answer

and some of them thought that light could pass partially through an opaque object.

Image Formation

Image formation can be divided into three sub concepts: image
formation by plane mirror, curved mirror, and lens. The percentages of Charoen
school students in each category of image formation before (pretest) and after

(posttest) implementing the LLU is shown in Table 6.21.

Table 6.21 Percentages of Charoen school students in each category of image

formation before (pretest) and after (posttest) implementing the LLU

Percentages of Students
Image Partial

formation Test CSC'ent,:T'C Scientific Misconceptions R No
Concepts onceptions Conceptions esponse
The image Pre 10 0 90 0
formed in a Post
plane mirror lies 22 0 78 0
behind the mirror
The image is a Pre 50 0 50 0
left-right reversal Post 74 0 26 0
Curved mirror 1 Pre 33 0 77 0
Post 17 0 81 2
: Pre 26 0 67 7
Curved mirror 2 Post s 0 95 0
Image formation Pre 38 0 57 5
by a lens 1 Post 5 0 90 5
Image formation Pre 17 0 78 5
by a lens 2 Post 5 0 90 5
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For the image formation by a plane mirror concept, there was an
increase in the percentage of scientific conceptions which stated that the image lies
behind the mirror and is just as far behind the mirror as the actual object is in front of
the mirror. The percentage of scientific conceptions increased from 10 percent in the
pretest to 22 percent in the posttest. Seventy eight percent of the students held
misconceptions because they thought that an object has its image behind the surface

of the mirror in a position that is in front of the observer.

The other question about the image formation by a plane mirror is a
left-right reversal. There is an increase in the percentage of scientific conceptions
which state that the image lies behind the mirror and it is just as far behind the mirror
as the actual object is in front of the mirror. The percentage of scientific conceptions
increased from 50 percent in the pretest to 74 percent in the posttest. Twenty six
percent of the students held misconceptions because they thought that the image of

the object was exactly the same as the actual object.

For the image formation by a curved mirror concept, the researcher
asked the students to explain where the image exists, to find the size of the image, and
to calculate the focal length of the concave mirror when the researcher put the object
between the focal point (f) and 2f of the concave mirror. There was a decrease in the
percentage of scientific conceptions that stated that the image existed between 2f to
infinity and the image was larger than the actual object. The percentage of scientific
conceptions decreased from 33 percent in the pretest to 17 percent in the posttest.
However, 81 percent of the students had misconceptions because they thought that the
image existed between the focal point (f) and 2f, and that the image would be the

same size as the actual object.

The other question concerns image formation by a curve mirror. The
researcher created a situation where the researcher put an object 0.05 meters in front
of a curved mirror and the virtual image existed 0.1 meters behind the mirror. The
researcher asked the students if the curved mirror was concave or convex and asked

them to calculate the focal length of the curved mirror. There was a decrease in the
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percentage of scientific conceptions where students were asked to calculate the focal
length, which was 0.1 meters, and if they could determine if the curved mirror was a
concave mirror. The percentage of scientific conceptions decreased from 26 percent in
the pretest to 5 percent in the posttest. Ninety five percent of the students had

misconceptions because they chose the wrong answer.

For the image formation by lens concept, the researcher created a
situation where the object was place 0.18 meters in front of lens and the image existed
0.06 meters in front of the lens. The researcher asked the students whether the curved
mirror was a concave or convex mirror and asked them to calculate the focal length
and the magnification of the lens. There was a decrease in the percentage of scientific
conceptions where students could not calculate the focal length, which is 0.09 meters,
and they could not identify the lens as a converging lens with a magnification of 1/3.
The percentage of scientific conceptions decreased from 38 percent in the pretest to 5
percent in the posttest. Ninety percent of the students held misconceptions because

they chose the wrong answer.

The second question concerned image formation by a lens.
The researcher created a situation where the object was put 0.1 meters in front of the
converging lens that had a focal length of 0.05 meters, and the researcher asked the
students to find the type of image, the image distance, and the magnification of the
lens. There was a decrease in the percentage of scientific conceptions. Students could
not calculate the image distance of 0.1 meters and they could not identify the image as
a real image where the magnification of the lens was 1. The percentage of scientific
conceptions decreased from 38 percent in the pretest to 5 percent in the posttest.
Ninety percent of the students held misconceptions because they chose the wrong

answer.
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The Refraction of Light

The concept of the refraction of light can be divided into three sub
concepts: refraction, refraction of a prism, and refraction when the incident light ray
travels perpendicular to two media. The percentages of Charoen school students in
each category of refraction of light before (pretest) and after (posttest) implementing
the LLU is shown in Table 6.22.

Table 6.22 Percentages of Charoen school students in each category of refraction of

light before (pretest) and after (posttest) implementing the LLU

Percentages of Students

Reerqctlon of Test  Scientific P_artl_al_ _ . No
ight Concentions Scientific ~ Misconceptions Response
Concepts P Conceptions P
The refraction  Pre 36 0 64 0
of light 1 Post 48 0 52 0
The refraction  Pre 33 0 67 0
of light 2 Post 48 0 52 0
The refraction  Pre 17 0 83 0
of a prism Post 14 0 86 0
The refraction  Pre 5 0 95 0
that occurs
when the
incident light Post 10 0 90 0
ray travels
perpendicular

to two media

For the refraction of light concept, the researcher let the students
choose the possible refracted ray that illustrated the refraction of light when light
travels from oil into water. There was an increase in the percentage of scientific
conceptions because students chose the refracted ray that correctly expressed the
refraction of light when light travels from oil into water. The percentage of scientific
conceptions increased from 36 percent in the pretest to 48 percent in the posttest. Fifty
two percent of the students held misconceptions because they could not choose the

correct refracted ray.
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In another problem, the students were asked about the location of the
image of a fish when the observer sees it from the bank. There was an increase in the
percentage of scientific conceptions because students were able to choose the right
answer and explanation when they observed the fish. They thought that the image of
the fish was shallower than it should have been because of the refraction of light. The
percentage of scientific conceptions increased from 33 percent in the pretest to 48
percent in the posttest. Fifty two percent of the students had misconceptions when
they saw the fish. They thought that the image of the fish was deeper than it should
have been because the speed of light through the water is faster than the speed of light
through the air.

For the refraction of a prism concept, the researcher let the students
choose the picture and reason that best expressed the refraction of light when light
travels into a prism. There was a decrease in the percentage of scientific conceptions
where students had to choose the right picture and the right explanation which
expressed the refraction of light when light travels into prism. They thought that when
white light travels through a prism, the angle of refraction is different for different
colors of light. The percentage of scientific conceptions decreased from 17 percent in
the pretest to 14 percent in the posttest. Eighty six percent of the students held
misconceptions. They could not choose the correct picture and reason because purple

1s the least refracted color and red is the most refracted color.

For the refraction when the incident light ray travels perpendicular to
two media concept, the researcher let the students choose the answer and reason
which best explained what happened when light passed from one medium to another
medium and it hit the second medium at right angles to its surface. There was an
increase in the percentage of scientific conceptions which stated that light will not
change direction when passing from one transparent material into another medium if
it hits the second material at right angles to its surface. The refraction of light does not
occur because front waves of the incident light incident the medium at the same time.
The percentage of scientific conceptions increased from 5 percent in the pretest to 10

percent in the posttest. Ninety percent of the students held the misconception that
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refraction still occurs because light travels from one medium to another medium, or

there is only the transmission of light from one medium to another medium.

Color

There are four sub concepts used to measure the concepts of color:
color in white light, colored object in colored light, color using a filter, and seeing
color. The percentages of Charoen school students in each category of color before

(pretest) and after (posttest) implementing the LLU is shown in Table 6.23.

Table 6.23 Percentages of Charoen school students in each category of color before

(pretest) and after (posttest) implementing the LLU

Percentages of Students
Partial

C(?r?clsgts Test Cif}'f:gg:)cns Scientific Misconceptions Reslggnse
Conceptions

Color in white ~ Pre 2 0 98 0
light Post 7 0 93 0
Colored object  Pre 12 0 88 0
in colored light Post 17 0 83 0
Color using a Pre 17 0 83 0
filter Post 19 0 81 0
Seeing color Pre > 0 95 0

Post 10 0 90 0

For the color in white light concept, there was an increase in the
percentage of scientific conceptions. The students knew that when someone sees the
color black, light from the object does not reflect to his/ her eyes and when someone
sees the color white, the light rays from the object reflect all of it to his/her eyes. The
percentage of scientific conceptions increased from 2 percent in the pretest to 7
percent in the posttest. However, 93 percent of the students had misconceptions about
color. They believed that the color of an object is a physical property of that object

and the color of an object is determined by the color of light it absorbs.
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For the colored object in colored light concept, the researcher let the
students choose the answer and reason which best explained what happened when the
students wore white and red striped T-shirts and green caps under a green spotlight.
There was an increase in the percentage of scientific conceptions. The students
thought they would see themselves wearing striped T-shirts with green and black
stripes and green caps under the green spotlight. The percentage of scientific
conceptions increased from 12 percent in the pretest to 17 percent in the posttest.
However, 83 percent of the students held misconceptions because they could not
choose the right answer and reason. They thought that they would see themselves

wearing green T-shirts with and green caps under a green spotlight.

For the color using a filter concept, the researcher let the students
choose the answer and reason which best explained how a color filter works. There
was an increase in the percentage of scientific conceptions where students choose the
right answer and reason to explain how a color filter works. They thought that the
color of an object is the color of the light that is reflected by the object. The
percentage of scientific conceptions increased from 17 percent in the pretest to 19
percent in the posttest. However, 81 percent of the students gave the wrong answer
and reason about how a color filter works. They thought that the function of a filter is

to change the color of the transmitted light.

For the seeing color concept, the researcher let the students choose the
answer and reason which best explained what happened when the students looked at a
green object for a long time and then looked at a white wall and why this happened.
There was an increase in the percentage of scientific conceptions. The students said
they would see a purple wall because they had seen a green object for a long time.
This made the green cone cells in the fovea of the eye not as responsive as the red and
blue cone cells. The percentage of scientific conceptions increased from 5 percent in
the pretest to 10 percent in the posttest. However, 90 percent of the students held
misconceptions because they could not choose the right answer and reason. They
thought that they would see a green wall because the brain would recognize the color

they had looked at the first time.
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Optical Instruments

There are three sub concepts used to measure the concepts of optical
instruments: telescopes, microscopes, and a comparison between the camera and the
human eye. The percentages of Charoen school students in each category of optical
instrument before (pretest) and after (posttest) implementing the LLU is shown in

Table 6.24.

Table 6.24 Percentages of Charoen school students in each category of optical
instrument before (pretest) and after (posttest) implementing the LLU

Percentages of Students

Optical e Partial
Instrument Test SC'ent'f'C Scientific ~ Misconceptions No
Concepts Conceptions Conceptions Response

Telescope Pre 0 0 100 0
Post 0 0 100 0

Microscope Pre 0 0 100 0
Post 2 0 98 5

The Pre 2 0 98 0

comparison Post

between a

camera and the 12 0 88 0

human eye

For the telescope concept, the researcher let the students choose the
answer and reason which best explained how a telescope works. The students still
held misconceptions because they gave the wrong answer and reason about how a
telescope works. They understood that the objective lens of the telescope makes a

bigger image.

For the microscope concept, the researcher let the students choose the
answer and reason which best explained how a microscope works. There is an
increase in the percentage of scientific conceptions because the students chose the
right answer and reason. They thought that the image from the microscope is big and

the position of the real image formed by the objective lens is less than the focal length
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of the eyepiece lens. The percentage of scientific conceptions increased from 0
percent in the pretest to 2 percent in the posttest. However, 98 percent of the students
gave the wrong answer and reason about how a microscope works. They thought that
the image from a microscope is big and the position of the real image formed by the

objective lens is more than two focal lengths of the eyepiece lens.

For the comparison between a camera and the human eye concept, the
researcher let the students choose the answer and reason which described the
difference between the image from a camera and the human eye and why. There was
an increase the percentage of scientific conceptions because the students could choose
the right answer and reason. They thought that the image from both a camera and
from the human eye are real images, and smaller than the actual object. The
percentage of scientific conceptions increased from 2 percent in the pretest to 12
percent in the posttest. However, 88 percent of the students gave the wrong answer
and reason to describe how a microscope works. They thought that there was a
difference between the image from a camera and from the human eye. The image
from the camera is the real image, and smaller than the actual object, but the image

from the human eye is a virtual image and smaller than the actual object.

Seeing

There are three sub concepts used to measure the concepts of seeing:
seeing a candle flame, the candle stick, and the eye problem. The percentages of
Charoen school students in each category of seeing before (pretest) and after (posttest)

implementing the LLU is shown in Table 6.25.
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Table 6.25 Percentages of Charoen school students in each category of seeing before

(pretest) and after (posttest) implementing the LLU

Percentage of Students

g Partial
Seeing Concepts Test SC|ent|_f Ic scientific ~ Misconceptions No
conceptions . response
conceptions

Seeing the Pre 9 0 91 0
candle flame Post 12 0 23 0
Seeing the Pre 9 0 91 0
candle stick Post 17 0 83 0
The eye problem Pre 14 0 86 5

Post 48 0 52 0

For the seeing the candle flame concept, the researcher let the students
choose the answer that best explained how the students would see a candle flame in a
dark room and also asked them to draw a picture to represent what they might see.
There was an increase in the percentage of scientific conceptions because the students
chose the right answer and reason: the light from the candle flame travels to the
students’ eyes. The percentage of scientific conceptions increased from 9 percent in
the pretest tol2 percent in the posttest. However, 88 percent of the students gave the
wrong answer and reason about seeing the candle flame. They thought that the
reflected light from the candle flame traveled to their eyes, the light from their eyes
traveled to the candle flame, and the light from the candle flame traveled to their eyes

and then back to the candle flame again.

For the seeing candle stick concept, the researcher let the students
choose the answer that best explained how the students saw a candle stick in a dark
room and also asked them to draw a picture to represent it. There was an increase in
the percentage of scientific conceptions because they chose the right answer and
reason: the light from the candle flame shines to the candle stick and then reflects to
the students’ eyes. The percentage of scientific conceptions increased from 9 percent
in the pretest to 17 percent in the posttest. However, 83 percent of the students gave
the wrong answer and reason about seeing the candle stick. They thought that the

reflected light from the candle stick travels to the students’ eyes, the light from the
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eyes travels to the candle stick, and the light from the candle stick travels to students’

eyes and then back to the candle stick again.

For the eye problem concept, the researcher let the students choose the
answer and reason that could best explain what the eye problem was in the given
picture. There was an increase in the percentage of scientific conceptions because
students chose the right answer and reason. They thought that the eye problem in the
picture was nearsightedness. When people get nearsighted, a diverging eyeglass lens
is used to correct the condition. When the students put a diverging lens into the
eyeglasses, this lens spread the light out before it got to the eye-lens. When the eye
lens converged the light, the light converged on the back of the eye for proper focus.
The percentage of scientific conceptions increased from 14 percent in the pretest to 48
percent in the posttest. However, fifty two percent of the students gave the wrong
answer and reason about the eye problem. They thought that the given picture showed
nearsightedness. When the students put a converging lens into the eyeglasses, this lens
spread the light out before it got to the eye-lens, and when the eye lens converges the

light, the light will now converge on the back of the eye for proper focus.

In summary, these findings indicate that there is an increase in the percentage
of scientific conceptions regarding many concepts of light. These could result from
the learning activities provided in the teaching unit. Chaichana increasingly developed
a concern for the students’ prior knowledge. He gave time to his students to discuss
and share their ideas. During most of the activities, he used a meaningful context to
help students to relate the concept to the real world. He also encouraged students by
asking thoughtful and open-ended questions and when the students did not respond to
his questions, he repeated, rearranged or added more questions. He gave the students a
chance to construct their learning through interaction with their peers. Chaichana
focused on the students’ cooperative work. However, most of Chaichana’s students
were classified as having misconceptions about some concepts of light, especially the
concept of image formation on a plane, curved mirror, lens, and optical instrument.
This could result from the learning activities provided in these two lessons. For

example, Chaichana had difficulty teaching the concepts of a curved mirror and he
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also skipped the concepts of optical instruments. The students were asked to do a

group report about optical instruments instead of doing a group experiment.

Three Focused Students’ Conceptions about Light before (pretest) and after

(posttest) Implementation of the Light Learning Unit (LLU)

The three students’ responses and explanations related to concepts of light
were analyzed and divided into four categories: scientific conceptions (SC), partial

scientific conceptions (PSC), misconceptions (MC), and No response (NR). The

details of each student’s conception of light are shown below.

Chadaporn’s Conception of Light before (pretest) and after (posttest) the LLU

Implementation

Table 6.26 shows Chadaporn’s conception of light before (pretest) and after

(posttest) implementing the LLU

Table 6.26 Chadaporn’s conception of light before (pretest) and after (posttest)

implementing the LLU
Concepts of Sub Concepts The Pre-Instruction The PO?t'
Light Conceptions Instruct.lon
Conceptions
Light can continue to Light can continue to
Travel of light travel until it is blocked  travel until it is
by something.(SC) blocked by
something.(SC)
Light source Light from a luminous Each point on a
object travels only as far ~ luminous object emits
as it can illuminate the light in one
N area surrounding the direction.(MC)
ature . )
of light . ‘ lqm1nous object.(MC) .
Media of light Light can totally pass Light can totally pass

through a transparent
object, and light can
partially pass through a
translucent object, but
light cannot pass through
an opaque object.(SC)

through a transparent
object, and light can
partially pass through
a translucent object,
but light cannot pass
through an opaque
object.(SC)
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Concepts of Sub Concepts The Pre-Instruction The Post-
Light Conceptions Instruction
Conceptions
The image lies An object has its image The image lies
behind the mirror behind the surface of the  behind the mirror and
mirror in a position in it is just as far behind
front of the the mirror as the
observer.(MC) actual object is in
front of the
mirror.(SC)
The image is a left-  The image is a left-right =~ The image of an
right reversal reversal.(SC) object is exactly the
same as the actual
object. (MC)
Curved mirror 1 The image exists between The image exists
2f to infinity and the between 2f to infinity
image would appear and the image would
bigger than the actual appear bigger than
object. (SC) the actual object.
(8C)
Image Curved mirror 2 The focal length is 0.03 The focal length is
formation meters and they identify ~ 0.03 meters and they

Image formation by
alens 1

Image formation by
alens 2

the curved mirror as a
convex mirror.(MC)

The focal length is 0.09
meters and they can
determine that the lens is
a converging lens and the
magnification of the lens
is 1/3.(SC)

The image distance is 0.1
meters and they can
determine that the image
is a real image and the
magnification of the lens
is 2.(MC)

identify the curved
mirror as a convex
mirror.(MC)

The focal length is
0.09 meters and they
can determine that
the lens is a
converging lens and
the magnification of
the lens is 1/3.(SC)
The image distance is
0.05 meters and they
can determine that
the image is a real
image and the
magnification of the

lens is 2.(MC)
The refraction of The image of a fish The image of a fish
light 1 appears shallower than it  appears shallower
should be because the than it should be
The refraction speed of light through the because the speed of
of light water is slower than the light through the
speed of light through the  water is slower than
air.(SC) the speed of light

through the air.(SC)
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Concepts of
Light

Sub Concepts

The Pre-Instruction
Conceptions

The Post-Instruction
Conceptions

The refraction

The refraction of
light 2

The refraction of a
prism

The image of a fish
appears shallower than it
should be because the
speed of light through the
water is slower than the
speed of light through the
air. (SC)

Purple is most refracted
color and red is the least
refracted color and the
spectrum of a rainbow

The image of a fish
appears deeper than it
should be because the
speed of light through
the water is faster than
the speed of light
through the air.

(MC)

Purple is most
refracted color and red
is the least refracted
color and the spectrum

of light made by a prism is of a rainbow made by a
continuous and each color prism is continuous
has its own exact and each color has its
boundary. (PSC) own exact boundary.

(PSC)
Refraction when Refraction still occurs The refraction of light
the incident light because light travels from  does not occur, but the
rays travel one medium to another light will reflect to the
perpendicular to medium, or there is the opposite side. (MC)
two media transmission of light from
one medium to another
medium. (MC)
Color in white The color of an object is When someone sees
light determined by the colored the color black, light
light it absorbs. (MC) from the object doesn’t
reflect to his/ her eyes,
and when someone
sees the color white,
the light rays from the
Color object reflect all of it to

Colored object in
colored light

The students would see
themselves wearing green
and black striped T-shirts
with green caps under a
green spotlight. (SC)

his/her eyes. (SC)

The students would see
themselves wearing
green and black striped
T-shirts with green
caps under a green
spotlight. (SC)
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Concepts of

Sub Concepts

The Pre-Instruction

The Post-Instruction

Light Conceptions Conceptions
Color using a The color of an object is The color of an object is a
filter the color of the light thatis  physical property of that

reflected by that object. object. (MC)
(SO

Color Seeing color The students would see a The students would see a
white wall because all of white wall because all of
the cone cells in the fovea  the cone cells in the fovea
of the eye are responsive. of the eye are responsive.
(MC) (MC)

Telescope The objective lens of the The objective lens of a
telescope makes a bigger telescope makes a bigger
image. (MC) image. (MC)

Microscope The image from the The image from the
microscope is big and the microscope is big and the
position of the real image position of the real image
formed by the objective formed by the objective

Optical lens is more than tvyo focal lens is more than two
Instruments lengths of the eyepiece focal- lengths of the
lens. (MC) eyepiece lens. (MC)

A comparison  The image from a camera  Both the images from a

between a is the real image and camera and the human eye

camera and the ~ smaller than the actual are real images, and
human eye object, but the image from  smaller than the actual
the human eye is a virtual object. (SC)
image and smaller than the
actual object. (MC)

Seeing the The reflected light from the The reflected light from

candle flame candle flame travels to the  the candle flame travels to
students’ eyes. (MC) the students’ eyes. (MC)

Seeing the The light from the candle The light from the candle

candle stick flame shines to the candle  stick travels to the
stick and then reflects to students’ eyes. (MC)
the students’ eyes. (SC)

The eye The given picture shows The given picture shows

Seeing problem nearsightedness. When the  nearsightedness. When the

students put a converging
lens into the eyeglasses,
this lens spreads the light
out before it gets to the
eye-lens, and when the
eye-lens converges the
light, the light converges
on the back of the eye for
proper focus. (MC)

students put a converging
lens into the eyeglasses,
this lens spreads the light
out before it gets to the
eye-lens, and when the
eye-lens converges the
light, the light converges
on the back of the eye for
proper focus. (MC)
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While Chadaporn showed evidence of holding misconceptions about several
concepts of light in pre-instruction, including the nature of light (light source), image
formation by a plane, by a curved mirror, and by a lens (the image formation by plane
mirror lies behind the mirror, convex mirror, and image formation by lens 2), the
refraction of light (refraction when the incident light ray travels perpendicular to two
media), color (color in white light and seeing color), optical instruments (telescopes,
microscopes, and a comparison between a camera and the human eye), and seeing
(seeing the candle flame and the eye problem). After instruction, many of
Chadaporn's pre-instruction misconceptions were no longer apparent. Chadaporn’s
conceptions changed from misconceptions to scientific conceptions in these areas: the
concept of the image formation by a plane, by a curved mirror, and by a lens (the
image formation by plane mirror lies behind the mirror), color (color in white light),
and seeing (the comparison between a camera and the human eye). This was
supported by Chadaporn’s worksheet that showed her understanding about the image
formation by a plane mirror. She wrote that “the image by a plane mirror is behind the
mirror and the distances of object and image are the same.” However, as Table 6.26

shows, Chadaporn still had misconceptions about some sub concepts of light.

Chalerm’s Conceptions of Light before and after the Implementation

Table 6.27 shows Chalerm’s conceptions of light before and after
implementing the LLU.

Table 6.27 Chalerm’s conceptions of light before and after implementing the LLU

Concepts  Sub Concepts The Pre-Instruction The Post-Instruction
of Light Conceptions Conceptions
Light can continue to Light only travel as
Travel of light  travel until it is blocked by far as it is visible.
something.(SC) MC)
Light source Light from a luminous Light from a
The nature - . .
. object travels only as far luminous object
of light . . .
as it can illuminate the travels only as far as
area surrounding the it can illuminate the
luminous object.(MC) area surrounding the

luminous object.(MC)
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Concepts  Sub Concepts The Pre-Instruction The Post-Instruction
of Light Conceptions Conceptions
The nature Media of light  Light can totally pass Light can totally pass
of light through a transparent through a transparent
object, and light can object, and light can
partially pass through a partially pass through a
translucent object, but translucent object, but
light cannot pass through  light cannot pass
an opaque object.(SC) through an opaque
object.(SC)
Image lies The image of an object is  The image lies behind
behind the on the mirror’s the mirror and it is just
mirror surface.(MC) as far behind the mirror
as the actual object is
in front of the
mirror.(SC)
The image isa  The image is a left-right The image is a left-
left-right reversal.(SC) right reversal.(SC)
reversal
Curved mirror ~ The image existed The image exists
1 between the focal point (f) between 2f to infinity
and 2f and the image and the image would
would be the same size as  be bigger than the
the actual object.(MC) actual object. (SC)
Image Curved mirror  The focal length is 0.03 The focal length is
formation 2 meters and they know that  0.03 meters and they

Image
formation by
lens 1

Image
formation by
lens 2

the curved mirror is
convex.(MC)

The focal length is 0.09
meters and they know that
the lens is a converging
lens and the magnification
of the lens is 1/3.(SC)

The image distance is 0.1
meters and they know that
the image is a real image
and the magnification of
the lens is 2.(MC)

know that the curved
mirror is convex(MC)
The focal length is
0.09 meters and they
know that the lens is a
converging lens and
the magnificent of the
lens is 1/3.(SC)

The image distance is
0.05 meters and they
know that the image is
a real image and the
magnification of the
lens is 2.(MC)
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Concepts of Sub Concepts The Pre-Instruction The Post-
[ : Instruction
Light Conceptions :
Conceptions
The refraction ~ The refracted ray that The image of a fish

of light 1

The refraction
of light 2

correctly expresses the

refraction of light when
light travels from oil into
water is bending toward

the normal line. (MC)

The image of a fish
appears deeper than it

should because the speed
of light through the water

appears shallower
than it should
because the speed
of light through the
water is slower than
the speed of light
through the air.(SC)
The image of a fish
appears shallower
than it should
because the speed

is faster than the speed of of light through the
The refraction light through the air. water is slower than
of light MO) the speed of light
through the air.
(SC)
The refraction  Purple is the least Purple is the least
of prism refracted color and red is  refracted color and
the most refracted color.  red is the most
MO) refracted color.
(MC)
Refraction The refraction of light The refraction of
when the does not occur, but the light does not
incident light light will reflect in the occur, but the light
ray travels opposite direction. (MC)  will reflect in the
perpendicular to opposite direction.
two media (MCO)
Color in white ~ The color of an objectis ~ Black is the least
light a physical property of refracted color and
Color that object. (MC) white is the most

Colored object
in colored light

The students would see

themselves wearing

green and black striped
T-shirts and green caps
under a green spotlight.

(SC)

reflected color.
(MC)

The students would
see themselves
wearing green and
yellow striped T-
shirts with green
caps under a green
spotlight. (MC)



Table 6.27 (Continued)

225

Concepts of Sub Concepts e pre.Instruction The Post-
. X Instruction
Light Conceptions .
Conceptions
Color using a The filter reflects the The color of an
filter color red to the eyes. object is the color of
(MC) the light that is
reflected by that
object. (SC)
Seeing color The students would see ~ The students would
a green wall because the see a purple wall
Color brain would recognize because the students
the color they had saw a green object
looked at the first time.  for a long time, and it
(MC) made the green cone
cells in the fovea of
the eye not
responsive while the
red and blue cone
cells responded. (SC)
Telescope The objective lens of the The objective lens of
telescope makes a the telescope makes a
bigger image. (MC) bigger image. (MC)
Microscope The image from the The image from the
microscope is big and microscope is big
the position of the real and the position of
image formed by the the real image
objective lens is more formed by the
than two focal lengths of objective lens is
Optical the eyepiece lens. (MC)  more than two focal
Instruments lengths of the

A comparison
between a
camera and the
human eye

The image from a
camera is the real image
and smaller than the
actual object, but the
image a human eye is a
virtual image and
smaller than the actual
object. (MC)

eyepiece lens. (MC)
The image from a
camera is the real
image and smaller
than the actual object
but the image from
the human eye is a
virtual image and
smaller than the
actual object. (MC)
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Table 6.27 (Continued)

Concepts of  Sub Concepts  The Pre-Instruction  The Post-Instruction

Light Conceptions Conceptions
Seeing the The light from the The reflected light
candle flame candle flame travels to from the candle flame
students’ eyes. (SC) travels to the students’
eyes. (MC)

Seeing the The light from the The light from the

candle stick candle stick travels to  candle stick travels to
the students’ eyes. the students’ eyes.
(MC) MC)

The eye problem The given picture The given picture
shows shows nearsightedness.

Seci nearsightedness. When the students put
eeing

When the students put  a diverging lens into
a converging lens into  the eyeglasses, it

the eyeglasses, it spreads the light out
spreads the light out before it gets to the
before it gets to the eye-lens, and when the

eye-lens, and when the eye-lens converges the
eye-lens converges the light, the light will
light, the light will converge on the back
converge on the back  of the eye for proper
of the eye for proper focus. (SC)

focus. (MC)

Chalerm showed evidence of holding pre-instruction misconceptions about
several concepts of light. For example, the nature of light (light source), image
formation by plane mirror, by curved mirror, and by a lens (the image formation by
plane mirror lies behind the mirror, concave mirror, convex mirror, image formation
by lens 2), the refraction of light (the refraction of light 1, the refraction of light 2, the
refraction caused by a prism, the refraction when the incident light ray travels
perpendicular to two media), color (color in white light, color using a filter, seeing
color), optical instruments (telescopes, microscopes, and comparison between a
camera and the human eye), and seeing (seeing the candle stick, the eye problem).
Throughout the implementation phase of the study, Chalerm’s conceptions changed
from misconception to scientific conceptions concerning the concepts of image
formation by a plane mirror, by a curved mirror, and by a lens (the image formation

by plane mirror lies behind the mirror, concave mirror, convex mirror), the refraction



227

of light (the refraction of light 1 and 2), and color (color using a filter and seeing
color). This was supported by Chalerm’s worksheet that showed his understanding
about the refraction of light. He wrote that “the refraction of light when light travels
from oil into water bends away from the normal line because the speed of light in

water is less than that in water.”

Chai’s Conception of Light before and after the Implementation

Table 6.28 shows Chai’s conception of light before (pretest) and after

(posttest) implementing the LLU.

Table 6.28 Chai’s conception of light before (pretest) and after (posttest)

implementing the LLU
Concepts Sub Concepts The Pre-Instruction The Post-Instruction
of Light Conceptions Conceptions
Travel of light Light travels until it is out of  Light travels until it is
energy. (MC) out of energy. (MC)
Light source Light from a luminous Light from a luminous
object travels only as faras  object travels only as far
it can illuminate the area as it can illuminate the
surrounding the luminous area surrounding the
Nature object.(MC) luminous object.(MC)
of light Media of light Light can totally pass Light can totally pass
through a transparent object, through a transparent
light can partially pass object, light can partially
through a translucent object, pass through a
but light cannot pass translucent object, but
through an opaque light cannot pass through
object.(SC) an opaque object.(SC)
Image lies The image of an object is on  The image of an object is
behind the the mirror’s surface.(MC) on the mirror’s
mirror surface.(MC)
Image is a left- The image is a left-right The image is a left-right
The image right reversal reversal.(SC) reversal.(SC)
formation Curved mirror 1~ The image existed between ~ The image existed

the focal point (f) and 2f and
the image would be the
same size as the actual
object.(MC)

between the focal point
(f) and 2f and the image
would be the same size
as the actual object.(MC)
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Concepts of

Sub Concepts

The Pre-Instruction

The Post-Instruction

Light Conceptions Conceptions
Curved mirror 2 The focal length is 0.03 The focal length is 0.03
meters and they can tell meters and they can tell
that the curved mirror is a  that the curved mirror is
convex mirror.(MC) a convex mirror.(MC)
Image formation No Response (NR) No Response (NR)
The image by lens 1
formation Image formation The image distance is 0.1 = The image distance is
by lens 2 meters and they can tell 0.05 meters and they
that the image is a real can tell that the image is
image and the areal image and the
magnification of the lens  magnification of the
is 2.(MC) lens is 2.(MC)
The refraction of The correct refracted ray =~ The correct refracted
light 1 that expresses the ray that expresses the
refraction of light when refraction of light when
light travels from oil into  light travels from oil
water is bending toward into water is bending
the normal line. (MC) toward the normal line.
MC)
The refraction of The image of a fish The image of a fish
light 2 appears deeper than it appears shallower than
should because the speed it should because the
The of light through the water  speed of light through
refraction of is faster than the speed of  the water is slower than
light light through the air. the speed of light
MC) through the air. (SC)
The refraction of Purple is the least Purple is the least
prism refracted color and red is  refracted color and red
the most refracted color.  is the most refracted
(MC) color. (MC)
Refraction when The refraction of light The refraction of light
the incident light does not occur, but the does not occur, but the
ray travels light will reflect in the light will reflect in the
perpendicular to opposite direction. (MC)  opposite direction.
two media (MC)
Color in white The color of an objectis a Black is the least
light physical property of that  refracted color and
object. (MC) white is the most
reflected color. (MC)
Color Color object in The students would see The students would see

color light

themselves wearing green
and yellow striped T-
shirts and green caps
under a green spotlight.
(MC)

themselves wearing
green and yellow
striped T-shirts and
green caps under a
green spotlight. (MC)
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Concepts of Sub Concepts The Pre-Instruction The Post-Instruction
Light Conceptions Conceptions
Color using a filter The function of a filteris  The color of an object is
to change the color of the the color of the light
transmitted light. (MC) that is reflected by that
object. (SC)
Seeing color The students would see a  The students would see
purple wall because they  a purple wall because
C had seen a green object they had seen a green
olor c ; . .
for a long time, which object for a long time,
caused the green cone which caused the green
cells in the fovea of their  cone cells in the fovea
eyes to not respond, of their eyes to not
while the red and blue respond, while the red
cone cells responded. and blue cone cells
(SO) responded. (SC)
Telescope The objective lens of a The objective lens of a
telescope makes a bigger telescope makes a
image. (MC) bigger image. (MC)
Microscope The image from a The image from a
microscope is big and microscope is big and
the position of the real the position of the real
image formed by the image formed by the
objective lens is more objective lens is more
Optical than two focal lengths of  than two focal lengths
Instruments the eyepiece lens. (MC)  of the eyepiece lens.
(MC)
The comparison The image from a The image from a
between a camera camera is a real image camera is a real image
and the human eye  and is smaller than the and is smaller than the
actual object, but the actual object, but the
image from the human image from the human
eye is a virtual image eye is a virtual image
and is smaller than the and is smaller than the
actual object. (MC) actual object. (MC)
Seeing the candle The light from the candle The reflected light from
flame flame travels to the the candle flame travels
students’ eyes. (SC) to the students’ eyes.
(MC)
Seeing Seeing the candle The light from the candle The light from the

stick

flame shines on the
candle stick and then
reflects to the students’
eyes. (SC)

candle flame shines on
the candle stick and
then reflects to the
students’ eyes. (SC)
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Concepts of

Sub Concepts

The Pre-Instruction

The Post-Instruction

Light Conceptions Conceptions
The eye problem The given picture The given picture is

shows nearsightedness. When
nearsightedness. the students put a
When the students put diverging lens into the
a converging lens into  eyeglasses, this lens
the eyeglasses, the spreads the light out
lens spreads the light  before it gets to the

Seeing out before it gets to eye-lens, and when the

the eye-lens, and
when the eye-lens
converges the light,
the light converges
on the back of the eye
for proper focus.
MC)

eye-lens converges the
light, the light
converges on the back
of the eye for proper
focus. (SC)

Before teaching the concepts of light, Chai showed evidence of holding
misconceptions regarding several concepts except the concept of the nature of light
(media of light), image formation by a plane mirror, by a curved mirror (image is a
left-right reversal and image formation by lens 1), color (seeing color), seeing (seeing
the candle flame, seeing the color stick). Three pre-instructional misconceptions were
no longer apparent and they became scientific conceptions. These three conceptions
were the refraction of light 2 (the refraction of light 2), color (color using a filter), and
seeing (the eye problem). This was supported by Chai’s worksheet that showed his
understanding about color. He wrote that “the color of an object is the color of the

light that is reflected by that object.” However, Chai still had many misconceptions.

In conclusion, students showed scientific conceptions about light in all six
categories: the nature of light, image formation by a plane mirror and lens, curved
mirrors, refraction of light, optical instruments, color, and seeing. These findings
imply that the implementation the Light Learning Unit (LLU) enhances students’

scientific understanding of the concepts of light.
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Summary of Chaichana’s Case

Chaichana implemented the Light Learning Unit (LLU) as suggested. He used
a meaningful context to help students develop the concepts in the real world, gave the
students an opportunity to construct their learning through interaction with their peers,
focused on the students’ cooperative work, and used various kinds of teaching
strategies in his teaching practice. He increased his focus on his students’ prior
knowledge and encouraged students by asking thoughtful, open-ended questions.
Consequently, some student’s conceptions were improved. However, during his
implementation, he skipped some lessons and activities. This might be the reason for
his students’ lack of knowledge on some topics, particularly optical instruments. It
was very clear from the findings that the teaching was important in assisting students’
learning. He skipped this lesson, because the activities in the lesson took too much
time. Because of this, he asked the students to do a report on this concept. In this
lesson, there were hands-on and minds-on activities that would have helped the
students to understand concepts about optical instruments, including telescopes,
microscopes, and cameras. Skipping this lesson probably affected the students’
understanding of this topic. Moreover, he had difficulties with the content knowledge
regarding the drawing of the ray diagram of a concave mirror, and the critical angle
and total internal reflection. Chaichana and his students enjoyed teaching and learning
about light using the LLU even though he did not agree to take the time to let his

students design the experiment.

Cross Cases Study

This section focuses on a cross case study of three cases in this study including
teachers’ implementation of the Light Learning Unit (LLU), teachers’ perceptions on
teaching, students’ perceptions on teacher’s teaching, and students’ conceptions of
light are discussed to generate common findings. The details of cross case studies are

discussed below.
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Teachers’ Implementation of the LLU

Different teachers implemented the LLU differently. Some teachers
implemented the unit by following the teacher manual. Some of them adapted
learning activities to be more appropriate for their students. Some of them skipped
some activities or lessons. These differences existed because the teachers were
individually different in terms of teaching styles, and their content knowledge.
Therefore, they had different ways of implementing the LLU. For example, in this
study, the three teachers, Sompong, Pranee, and Chaichana, had different teaching
styles. Even though Sompong believed in constructivism, he usually taught science
using teacher-centered learning. He thought that it was an important part of the
teacher’s role to offer all of his knowledge to his students. He also said that his
students did not pay attention. Therefore, he often used a lecturing technique for
teaching his students, instead of letting the students construct their own knowledge.
Pranee usually taught her students by letting them do a report before they learned the
concept. Then, she let her students do the experiment and asked them to think about
the differences and similarities between the report they did and the results from the
experiment. Chaichana usually taught the students by giving them some knowledge,

and then he let his students do the experiment and a presentation.

When these three teachers implemented the LLU, it was obvious that
Sompong and Chaichana seemed to follow the teacher manual. Their teaching
practices were consistent with a social constructivist teaching approach. For example,
they employed a variety of teaching strategies in their teaching practices, e.g. focusing
on students’ prior knowledge, using a meaningful context to help students develop the
concept in the real world, encouraging students by asking thoughtful and open-ended
questions, giving the students an opportunity to construct their learning through
interaction with their peers, and focusing on the students’ working cooperatively.
They employed various kinds of assessment strategies. However, Pranee followed
some activities in the LLU. She tended to be teacher-centered because she did not
give the students a chance to discuss and she usually asked the students for an answer,

and then she moved to other questions without talking or asking for the reasons
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behinds the students’ answers. She usually asked simple yes or no questions. She
hardly ever allowed students to present their reports, because there was not enough
time in class and she usually made conclusions of the experiments by herself if the
students could not make their own conclusions. When students in each group
cooperatively did the experiment about the refraction of light, she rarely walked
around from group to group to help her students and she never explained the
procedure of the experiment to her students. She often told the students the
conclusions of the experiment or activities more than asking them to figure them out

on their own in their groups.

The three teachers had various reasons for what they did while they
implemented the LLU. Sompong usually followed the instructional unit step by step.
Many times, before he went to the classroom, he asked the researcher about the
concepts or activities that he did not understand. In contrast, Pranee never asked the
researcher about the concepts or activities that she did not understand. So, when she
was teaching her students, she usually stopped teaching and read the manual to gain
understanding. Moreover, she walked to the researcher and asked about particular
concepts or activities that she did not understand. Chaichana sometimes asked the
researcher before going to the classroom about the concepts or activities that he did
not understand. Apparently, during implementation, Pranee and Chaichana had some
trouble with some concepts or activities. Pranee did not understand the refraction of
light. She told the students that the activity demonstrated refraction when light travels
from air to water. Then, she asked students if the ray diagram of the refraction of light
is different if light travels from water to air. She asked the students to observe a pen in
a glass filled with water from the bottom of the glass. Moreover, Pranee was not
aware of using misconceptions during her explanations of the reflection of light. For
example, when discussing image formation from a plane mirror, she and her students
used the word “shadow” to refer to “the image or reflection”. For example, “have you
ever looked at yourself in a plane mirror? Do you see your shadow on the mirror?
And how do you describe what you see?” Chaichana did not understand how to draw
the ray diagram of the concave mirror because he did not understand the property of a

concave mirror: when light from the object travels to a concave mirror, the reflected
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ray is diverted from the mirror. Moreover, he was not clear about the total internal
reflection because he incorrectly told the students that the critical angle is the angle
that makes a total internal reflection instead of telling them that increasing the angle

of incidence above the critical angle will result in total internal reflection.

However, classroom observations showed that Sompong and Chaichana’s
teaching practices were consistent with a social constructivist teaching approach
because they took the roles of social constructivist teachers. They observed and
intervened during in-class group work, asked open-ended questions during in-class
group work, praised and gave encouragement during in-class group work, extended
participation and involved group members, facilitated student responsibility and self-
evaluation, promoted student learning of social skills, and encouraged the students to
reach their potential. These roles were consistent with the goal of the National
Education Act B.E.2542 (1999) and the National Science Content Standards (IPST,
2002) which require that Thai teachers should provide training in thinking processes,
management, and how to face various situations. Teachers should teach students to
apply knowledge for obviating and solving problems and organize activities for
learners to draw from authentic experiences. Teachers should drill students on
practical work for complete mastery, enable learners to think critically, acquire the

reading habit, and develop a continuous thirst for knowledge.

In focusing on the students’ prior knowledge, Sompong and Chaichana tried to
ask thoughtful and open-ended questions. They also encouraged students to discuss
and share their ideas. Moreover, she asked related questions to help them apply what
they had learned in school to real situations. These probing questions promoted
students’ critical thinking skills. By contrast, Pranee asked the students yes or no
questions, guided, and plain questions. She rarely allowed students to discuss and

share ideas.

In using a meaningful context to help students to develop the concepts in the
real world, Sompong and Chaichana helped the students to develop the concepts and

encouraged the students to relate them to real life situations. An example of this was
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the case of Sompong. Sompong first let the students look at the plane mirror and
discussed what the students saw in the mirror, what the reflection looked like, and
where the reflection existed. Then, he asked the students to solve a real situation
problem that was related to the reflection of light by a plane mirror. He helped the
students to develop ideas about the reflection of light. By contrast, Pranee rarely
allowed students to share and discuss. She just asked questions and waited for the
students’ answers. When the students answered, she asked the next question. She
rarely helped the students to develop the concepts or encouraged the students to relate
concepts to real life situations. When students did experiments working cooperatively

in groups, Pranee rarely walked around from group to group to help her students.

Sompong and Chaichana gave the students an opportunity to construct their
learning through interaction with their peers, and focused on the students’ cooperative
work. They also explained the procedure of the experiment to the students. While the
students’ worked in groups, Sompong and Chaichana extended their participation and
were involved as group members. They walked from group to group to help the
students. They encouraged students by asking thoughtful, open-ended questions. In
contrast, even though Pranee gave the students an opportunity to construct their
learning through interaction with their peers and focused on the students’ cooperative
work, she did not explain the procedure of the experiment to the students. Moreover,
while the students worked in groups, she never extended her participation and got
involved as a group member. She rarely walked from group to group to help the

students.

During the implementation of the LLU, there were many days off which
shortened the teaching time. For example, all students had to take the National Test
for two days. Before taking the National Test, they prepared for the test for one week.
The students had to attend the school sports competition day. The teacher was asked
to attend a workshop for a week so his students did not learn science during that time.
The teacher was sick for a week and his students did not learn science again. These
days off were generally unanticipated. The teachers all faced time constraints. The

schedule had become extremely tight. The teachers felt stressed. Some of them had to
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set up extra time to compensate for the time off, while some decided to skip the

activities and employed lecturing to summarize the key ideas of the lessons.

Teachers’ Perceptions on Teaching

All teachers from the three schools thought that the students enjoyed doing
some activities in the LLU and the students paid more attention to the lesson which
made teaching easier. Sompong said that he had changed his teaching strategy from
transmitting the knowledge to his students to letting his students construct their own
knowledge from the group experiments. However, Chaichana did not agree with the
activities where the students designed the experiments. He thought that these activities

took much time.

Students’ Perceptions of Their Teacher’s Teaching

Most of the students from the three schools paid more attention to the lesson
when learning with the Light Learning Unit (LLU). Most of students understood and
did the activities in the LLU. They understood the activities and could do them
smoothly and enjoyably. The students felt the LLU could help them understand the
concept of light. Most of the students were interested in doing activities. They thought
that the LLU activities were helpful. The students also enjoyed working and
discussing in groups. The activities gave them a clear understanding of abstract and

difficult concepts.

Students’ Conceptions of Light from the Implementation of the LLU

Students’ conceptions of light were examined after the implementation of the
LLU. The concepts of light included the nature of light, images, optical instruments,
color, and seeing. Following are the details of the students’ understanding of each

concept of light.
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Regarding the concept of the nature of light, the results showed that there was
an increase in the percentage of scientific conceptions held by the students from the
three schools concerning the sub concepts of light sources and media of light. In Sara
school, the concepts where most students (more than 50 percent) held scientific
conceptions were light sources, travel of light, and media of light, respectively. In
Pattana School, the concepts where most students (more than 50 percent) held
scientific conceptions were travel of light, and media of light, respectively. In
Charoen School, the concept where most students (more than 50 percent) held a
scientific conception was the travel of light. However, some students in all three
schools still had misconceptions about the concept of the nature of light.
Misconceptions were mostly found in Pattana School and Charoen School, especially

on the topics of the nature of light (light source).

Regarding the concept of image formation, the results showed that there was
an increase in the percentage of scientific conceptions held by the students of the three
schools regarding some sub concepts about image formation (the image formation by
a plane mirror lies behind the mirror and the image is a left-right reversal). In Sara
School and Charoen School, most students (more than 60 percent) held scientific
conceptions of image formation by a plane mirror (image is a left-right reversal). In
Pattana School, most students (more than 40 percent) held scientific conceptions of
image formation in a plane mirror (image is a left-right reversal). However, some
students in all three schools still had misconceptions about the concept of image
formation. Misconceptions were mostly found in all schools, especially regarding the

concept of image formation by a curved mirror.

Regarding the concept of the refraction of light, the results found that there
was an increase in the percentage of scientific conceptions held by the students of
Sara School and Charoen School about some sub concepts concerning the refraction
of light (refraction of lightl and 2). Some students in these two schools still held
misconceptions about all sub concepts about the refraction of light. Misconceptions
were mostly found in all schools, especially regarding the concept of an image

formation by a curved mirror. In contrast, in Pattana School, there was an increase in
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the percentage of scientific conceptions held by the students about one sub concept,
the refraction of light (the refraction of a prism), but most students held

misconceptions about all sub concepts.

Concerning the concept of color, the results found that there was an increase in
the percentage of scientific conceptions held by the students of Sara School in all the
sub concepts of color. In this school, there was only one concept where most students
held scientific conceptions about color (seeing color). In Pattana School, there was an
increase in the percentage of scientific conceptions held by the students in two sub
concepts of color. In this school, there was only one concept where most students held
scientific conceptions about color (colored object in colored light). In contrast, in
Charoen School, even though there was an increase in the percentage of scientific
conceptions held by the students in all sub concepts about color, most of the students

held misconceptions about all sub concepts.

Regarding the concept of optical instruments, the results from Sara School and
Charoen School showed that there was an increase in the percentage of scientific
conceptions held by the students. However, most students held misconceptions about
many sub concepts. In Pattana School, there was an increase in the percentage of
scientific conceptions held by the students in only one area, the sub concept about

optical instruments (the comparison between a camera and the human eye).

Concerning the concept of seeing, even though there was an increase in the
percentage of scientific conceptions held by the students in Sara School and Charoen
School in all sub concept areas of seeing, most of the students held misconceptions in
all sub concepts areas. In contrast, in Pattana School, there was an increase in the
percentage of scientific conceptions held by the students in two sub concept

categories, but most students held misconceptions in only one sub concept area.



239

Summary

The Light Learning Unit (LLU) is based on a social constructivist approach
and was implemented by three participant teachers in three schools under the
Bangkok Metropolis Administration (BMA). The teachers implemented the LLU
differently based on their teaching styles. The implementation process provided the
teachers with an opportunity to improve their content knowledge and teaching
strategies. The findings from the implementation of the unit indicated that all of the
teachers were happy with their teaching and felt that the LLU helped their students to
enjoy doing some of the activities in the LLU, and that the students paid more
attention to the lessons, making it easier for the teacher to teach. They also found that
the LLU promoted students’ understanding of the concepts of light. Most students
were interested in doing the activities and enjoyed them. The findings from the
concept test from the three classroom students also indicated that the students could

understand some concepts of light.

In the next chapter, a review of the overall research, discussions, conclusions,

implications, and recommendations will be discussed.



CHAPTER VII

CONCLUSIONS, DISCUSSIONS AND
IMPLICATIONS

Introduction

This chapter focuses on the conclusions and a discussion of the research
findings and the implications of the study. The research framework is reviewed in
terms of the research purposes, questions, and methodology. Then, a discussion and
the conclusions of the study are described in each phase. In the first phase, the
findings from the teaching and learning about light and students’ conceptions about
light are discussed. In the second phase, the unit design and development is discussed.
In the third phase, the three teachers’ implementation of the Light Learning Unit
(LLU), and students’ conceptions of light after the implementation of the LLU in the
2007 academic year are also discussed. At the end of the chapter, the implications of

the study are examined.

Review of the Research Framework

This study aimed to investigate the effects of the implementation of the Light
Learning Unit (LLU) which is based on a social constructivist approach and was
designed to enhance the instruction and learning of the concept of light. This study
employed an interpretive methodology and a case study design that was divided into
three phases: an exploratory phase, design and development of the unit, and
implementation and evaluation of the unit. In the first phase, the teaching and
learning about light and students’ conceptions about light were investigated. The
participants were thirty seven science teachers in schools under the Bangkok
Metropolis Administration (BMA). Science teachers completed the questionnaire in
November 2005 and three of thirty seven teachers were selected to be interviewed.

The Light Diagnostic Test (LDT) was administered tol14 students of the three
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selected teachers in November 2006 in schools under the Bangkok Metropolitan
Administration (BMA) in the academic year 2005. The implications of the findings of
the exploratory phase, the content guidelines from the National Science Curriculum
Standards, successful teaching strategies from previous research, and the Thai
educational context were used as guiding principles in designing and developing the
unit in the second phase of the study which lasted from March to November 2007. In
the final phase, the unit implementation and evaluation, the unit was implemented in
three schools by three science teachers in December 2007, during the second semester
of the academic year 2006. All three of the teachers had participated in the first phase
of the study. In this phase, the implementation of the LLU by the teachers and the
effects of the unit on students’ understanding of light were investigated. A case study
with multiple data gathering methods was employed for the third phase. The research

framework is presented in Figure 7.1.
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Conclusions and Discussions of the Study

The conclusions and a discussion of this study regarding the research
questions are organized into four sections. First, the current state of teaching and
learning the concept of light is described. Second, the students’ understanding of the
concepts of light is illustrated. Third, the implementation of the Light Learning Unit
(LLU) by the three teachers is described. Finally, the students’ understanding of the
concepts of light after implementing the LLU is also described.

First Phase: Exploratory Phase

The Current State of Teaching and Learning the Concept of Light

Findings from a teacher questionnaire and in-depth interviews about the
current state of teaching and learning the concept of light indicate that teaching the
concept of light in the academic year 2005 was not consistent with the National
Education Act (ONEC, 1999) in many ways. In terms of curriculum and the use of
textbooks, most of the teachers followed the curriculum and used textbooks from the
Institute for the Promotion of Teaching Science and Technology (IPST.). Regarding
teaching preparations, the result of this research is consistent with the research of
Meinoratha (1997) which found that science teachers spent approximately 2-10 hours
a week preparing to teach by studying the content in the textbook and in the teacher’s
manual. Preparation is important because it gives teachers more confidence when
they teach. But this research is not consistent with the study of Rodlong (1986) which
found that the majority of teachers, 57.1 percent, didn’t spend time preparing because

they had many other responsibilities and tasks.

To start the lessons, the results indicated that teachers reviewed the concepts
from the previous period. The teachers didn’t connect the students’ prior knowledge
to the new concepts. Consideration of prior knowledge, and hands on and minds on

activities can help the students to gain a better understanding of concepts and results
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from experiments. This result is the same as the study of Tinsandee (2004), Pulputsa

(2004) and Taraban et al. (2006).

The use of teaching methods was consistent with the research of Meinoratha
(1997) and Rodlong (1986). The teachers used lectures, demonstrations, and

experiments.

Considering measurement and evaluation, the results of this research are
consistent with the research of Meinoratha (1997) and Chotisoot (2003) which found
that science teachers used various kinds of assessments including pretests and
posttests, students’ homework or notebooks, lab reports, student presentations,
assignments, reports, and student tasks. The use of various kinds of assessment is
consistent with IPST (2002) which stated that science should assess both knowledge
and process skills as well as students’ attitudes towards science. Moreover, this study
was consistent with Jonassen (1992) which said that measurement and evaluation
should be part of the process of teaching. So, the use of a variety of assessments helps

to increase learning (Black and Wiliam, 1998; White and Frederiksen, 1998).

Regarding the problems and needs of teachers, teachers needed equipment,
materials, and learning resources. The results of this research were consistent with
the research of Meinoratha (1997) and Rodlong (1986) which found that science
teachers needed equipment, materials, and learning resources. Concerning the
problems encountered when teaching the concepts of light and the needs of teachers,
most teachers had a lack of content knowledge, new teaching strategies, equipment,
materials, and learning resources. Moreover, the most difficult concept of light to
teach was image formation from a mirror and lens. Most of teachers needed to know
more about content knowledge and writing lesson plans. The concepts of light that
they needed to know more about were image formation from a mirror and lens, the
application of refraction of light, and the refraction of light. The teachers also needed
to know more about new teaching strategies and they needed more equipment,

material, and learning resources.
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In summary, teaching and learning the concept of light was most likely based
on memorization of the teachers’ lectures. The teachers didn’t use discussion and
didn’t give the students an opportunity to construct their own knowledge. The factors
that impeded teachers’ teaching the concept of light included a lack of content
knowledge, teaching strategies, equipment, materials, and learning resources. The
teaching strategies that the teachers had been using could not help their students to

develop scientific conceptions of the concept of light.

The Students” Understanding of the Concept of Light

From the diagnostic test results, it was found that the majority of students had
difficulties in understanding the concept of light. The students did not have a
scientific understanding of the fundamental concepts. In the case of the concept of the
nature of light, most of the students held misconceptions in all sub concepts. The
students’ misconceptions about the travel of light are consistent with the findings of
Andersson and Karrqvist (1983) and Sangsupata (1995). These studies found that the
students explained that light only travels as far as it is visible, light travels as far as
possible, and light continues to travel until it is out of energy. For the concept of light
source, the students’ misconceptions were consistent with the findings of Sangsupata
(1995) which stated that students thought that light is an entity which is located in
space (the region around the light source), and light goes outward only in a radial
direction. The students’ misconceptions may have come from their experiences and
explanations of their observations. Moreover, the concept regarding light rays is an
abstract concept (Donovan and Bransford, 2005). So, imagination is required to

understand this nature of light concept.

For the concept of the image formation by mirrors and lenses, it was found
that students had the most misconceptions regarding plane mirrors, lenses, and curved
mirrors respectively. The students’ misconceptions about image formation by a plane
mirror are consistent with the findings of Goldberg and McDermott (1986) and
Sangsupata (1995). The students in these studies explained that the image formed by a

plane mirror is on the mirror instead of behind it. They did not understand about left-
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right reversal. All of the misconceptions that students held may have come from their
instruction, so the teacher should be careful when he/she explains a particular concept,
or the students use their experiences to explain what they have seen. For the concept
of image formation by a lens, the students’ misconceptions coincided with the study

of Goldberg and McDermott (1987).

For the concept of the refraction of light, it was found that most students had
misconceptions about refraction from a prism, refraction when the incident light rays
travel perpendicularly, and refraction, respectively. The students’ had a misconception
about the refraction of light: they did not understand that when light travels from one
medium to another media, refraction occurs. Because refraction is a phenomenon that
was close to students, they did not notice what was going on. For example, most of
the students thought that when they observed a fish, the image of the fish was deeper
than it should be.

Regarding the concept of color, it was found that most students had
misconceptions about color in white light, the color by eye problem, color by a filter,
and a colored object in colored light, respectively. The students’ misconceptions
about color are consistent with the findings of Salley (1996). The students thought
that color is stimulated by a particular object to the observer’s eyes or color comes
from an object and also from light. The students held misconceptions because they
used their experiences to explain what they had seen and they did not understand the
fundamental concept. The students did not understand the reflection of light and the
connection between the reflection of light and color. Reflected light rays may be an

abstract concept.

Concerning the concept of Optical Instruments, it was found that most
students had misconceptions regarding a comparison between a camera and the
human eye, microscopes, and telescopes, respectively. The students held
misconceptions because they used their experiences to explain what they had seen and

they did not understand the fundamental concepts. For example, the students did not
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understand the concept of image formation by a mirror and lens and the connection

between image formation by a mirror and lens and an optical instrument.

For the concept of seeing, it was found that most students had misconceptions
about the eye problem, candle sticks, and seeing the candle flame respectively. The
students held misconceptions because they did not understand the fundamental
concepts. For example, if students do not understand the reflection of light, the
students may not understand the concept of seeing. The students’ misconception about
seeing is consistent with the findings of Andersson and Karrqvist (1983), Ramadas
and Driver, (1989) and Osborne, Smith, and Meadows (1993). The students in these
studies thought that there was light from the eyes to the object instead of reflected

light from that object bouncing into the observer’s eyes.

In summary, the majority of students had misconceptions regarding the
concept of color, the refraction of light, and image formation by mirrors and lenses.
Many concepts about light are connected to each other. For example, the concept of
optical instruments is connected with the concept of an image formation by mirrors
and lenses. The concept of seeing is connected with the reflection of light. The
students should understand the fundamental concept first, and then they will

understand the advanced or more complicated concepts.

Second Phase: Unit Design and Development Phase

In the second phase, the Light Learning Unit (LLU) was designed and
developed. The LLU is the unit for the teaching of light in Grade 8 science. The
purpose of this learning unit is to enhance the scientific understanding of light. The
design and development of the unit was guided by the teaching and learning of light
and students’ conceptions about light from the first phase of the study, the content
guidelines from the National Science Curriculum Standards, teaching strategies from

previous research, and the Thai educational context.
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The content of light was divided into eight lessons on the topic of light: the
nature of light, the reflection of light, curved mirrors, the refraction of light, image
formations by lenses, optical instruments, color, seeing, and light intensity. The LLU
takes twenty hours to complete. Each lesson plan contains information about the main
concept, learning outcomes, instructional procedures, instructional materials,
worksheets, and suggestions on formative assessment. In each lesson of the LLU, the
students engage in a variety of hands on activities which ask them to be actively
involved in the activities. The activities in all lessons used social interaction between
the teacher and students and students and students. Group work, and group and whole

class discussion are the main strategies of the unit.

Third Phase: Intervention Implementation and Evaluation Phase

The Implementation of the Light Learning Unit (LLU)

Each of the three teachers implemented the LLU differently. Two of them
followed the teaching manual, but one did not. At the beginning of the
implementation, one teacher felt worried and he seemed to have some stress when he
taught the lesson because the LLU was quite different from his teaching style in
previous years. However, in later weeks, he felt more comfortable and free teaching
with the LLU and was able to adapt his teaching style to the LLU. In contrast, the

other two teachers were not concerned about implementing the LLU.

While the three teachers were implementing the LLU, two teachers usually
assessed students’ prior knowledge by asking them questions. Their teaching
strategies focused on cooperative group work. They also prepared hands-on and
minds-on activities that allowed students to think about and discuss concepts with
their peers in small groups. The classroom observations confirmed that students’
understanding was enhanced by working in groups. The students were given time to
discuss their findings and make conclusions within their groups and within the whole
class. This helped students to understand the concepts they studied. Surprisingly, this

study found that one teacher who was not familiar with social constructivism had a



248

very strong impact on the implementation. For example, Sompong used lectures as his
main teaching strategy before implementing the LLU. While Sompong was
implementing the LLU, he was nervous about teaching the lessons, but he followed
the instructional units step by step. He also used all of the instructional media and
materials and often used all of the questions to determine the students’ prior

knowledge.

Chaichana also followed the activities in the teaching manual. He developed a
better understanding among students by focusing on their prior knowledge. Although
he skipped asking the suggested questions to assess students’ prior knowledge in the
first week of implementation, he followed the teaching manual more carefully in the
following weeks. He used all of the suggested questions to determine the students’

prior knowledge.

In contrast, Pranee did not follow the LLU, but focused on giving her students
her conclusions. Pranee rarely allowed students to share and discuss their ideas. She
just asked and waited for the students’ answers. When the students answered, she
asked the next question. Moreover, she emphasized written reports and rarely allowed
students to present their reports to the class because there was not enough time.

Therefore, she skipped some activities in the LLU.

Some teachers aligned their teaching with the LLU by focusing on a social
constructivist approach. Many times, before the teachers entered the classroom, they
asked the researcher about the concepts or activities that they did not understand. This
means that they prepared themselves before teaching. For example, Sompong became
more capable of formulating his own questions. On the other hand, Pranee did not
employ a social constructivist approach in her class because she believed that there

was not enough time for preparation and doing activities. (See in Pranee’s case).

This study revealed that all teachers needed to finish the lessons. They said
that some activities and the process of class discussions took a long time, so they

skipped them. Some of them had to set up extra time to compensate, while some
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teachers decided to skip the activities and employed lecturing to summarize the key

ideas of the lessons. Some of the teachers asked their students do reports.

The teachers had a chance to attend a workshop before implementing the
LLU. The first workshop was set up to discuss light concepts and teaching strategies
mentioned in the Light Learning Unit (LLU), and to discuss how each teacher
implemented it. The feedback and comments from the teachers on the LLU were used
for improvement of the LLU. The second and third workshops were set up to help
teachers reflect upon their own thinking and teaching. These workshops provided
opportunities for the teachers to develop both their content knowledge and teaching
strategies. Moreover, about 15-30 minutes before starting the lesson, some of the
teachers asked the researcher about  concepts or activities that they did not
understand. So, they implemented the LLU with confidence and they had no problems
with the content knowledge or with understanding the activities. These findings were
confirmed by Harlen (1999) who suggested that teachers benefit from discussing their
teaching with experts or other teachers to develop their understanding of science and

teaching science.

The Effect of the Implementation of the Light Learning Unit (LLU) on
Students’ Understanding of the Concept of Light

The occurrence of misconceptions before implementing the LLU is not
surprising because there are many research studies with similar findings. There was
evidence of students holding misconceptions about light in the pre-instructional
activities. For example, students believed that a plane mirror image is located on the
mirror surface, the object has its image behind the surface of the mirror in a position
in front of the observer, and the image of an object is exactly the same as the actual
object. There was consistency in the misconceptions including: light travels until it is
out of energy, each point on a luminous object emits light in one direction, light from
a luminous object travels only as far as it can illuminate the area surrounding the

luminous object, and the color of an object is a property of that object.
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The implementation of the LLU was successful in changing the students’
understanding of the concept of light. Much of this success may be attributed to social
constructivist approaches. Such approaches, which involve addressing the prior
knowledge of the students, may have been an important factor in changing the
students' understanding of light. The findings indicated that Sompong was the most
successful in implementing the LLU to enhance students’ conceptions about light,
followed by Chaichana, and Pranee. Their success in implementing the LLU was also
influenced by their own ability to understand the social constructivist approach, their
personal habits, the level of their content knowledge, their perceptions of students’

abilities, and their comfort levels in implementing the LLU.

When comparing the teachers, two main points were observed. First, their
ability to understand the social constructivist approach, their personal habits, and their
comfort level in implementing the LLU influenced their implementation of the LLU.
In Sompong’s case, even though he believed in constructivism, he usually taught
science using a teacher-centered approach to learning. He also said that his students
did not pay attention, so he often used a lecturing technique to teach his students. He
believed that lectures promoted students’ understanding of the subject matter, and that
lectures were more suitable for his students. Sompong made an attempt to prepare
LLU lessons. He loved to try new approaches. So, when he implemented the LLU, he
employed a variety of teaching strategies. For example, he focused on students’ prior
knowledge, used a meaningful context to help students develop the concepts in the
real world, encouraged students by asking thoughtful and open-ended questions, gave
the students an opportunity to construct their learning through interaction with their
peers, and focused on the students’ cooperative work, and he employed various kinds

of assessment strategies.

Second, teacher content knowledge also influenced their implementation.
Sompong, who had more content knowledge than the others, did not have a problem
with the content because he always prepared his lessons before teaching his students.
If he had a problem, he asked the researcher before teaching his students. In contrast,

Pranee and Chaichana had some trouble with some of the concepts. Pranee did not
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understand the refraction of light and was not aware of using misconceptions when
she explained reflection of light concepts. Chaichana did not understand how to
draw a ray diagram of a concave mirror because he did not understand the properties
of a concave mirror. Moreover, he was not clear about the concept of total internal
reflection and taught the students the wrong concept. This is consistent with the
findings of McDiarmid, Ball, and Anderson (1989) which found that teachers who
had strong content knowledge had the capability formulate their own questions and

evaluate their students’ understanding.

In contrast to the success experienced when changing the students'
understanding of light through the implementation of the LLU, there were some
difficulties and some of the students’ misconceptions were not changed. These
concepts related to the nature of light, refraction, the color of objects, and image

formation in plane mirrors and convex lenses.

Chadaporn, Chalerm, and Chai, all focused students in Charoen School, still
held misconceptions about the sub concepts of light sources. A possible factor in the
existence of the misconception regarding a light source is that light is emitted in only
one direction from each point on the luminous source. The students were not taught
that a luminous object is an aggregate of point sources rather than an integrated
whole. The solution is to help students realize that each point on the light source is

emitting light in the same manner as individual point sources do so.

Regarding the misconceptions about image formation, in Sara and Charoen
schools, most students (more than 60 percent) had scientific conceptions of an image
formation in a plane mirror. In Pattana School, most students (more than 40 percent)
had scientific conceptions of an image formation in a plane mirror. However, some
students in all three schools still had misconceptions about the concept of image
formation. Misconceptions were found in all schools, especially concerning the
concept of image formation in a curved mirror and lens. A possible factor in the
existence of the misconceptions about image formation in a curved mirror and lens

was the teachers’ lack of content knowledge.
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The problem associated with refraction rays was the students’ failure to
correctly explain the path that light follows in passing from one medium to another
medium when the incident light ray travels perpendicular to two media. The students
tended to use the same rule for the predicted light path. All three focused students
from Sara and Charoen schools still held misconceptions. Two of the three focused
students from Pattana School also held misconceptions. They still thought that

refraction occurs because light travels from one medium to the other medium.

Concerning the concept of color, two of three focused students from Pattana
School and all three focused students from Charoen School continued to hold
misconceptions. The misconception that color is an intrinsic property of an object
may have come from their understanding of seeing, the complexities of using color
theory to explain the perceived color of objects in colored light, and past experiences
in mixing paint in art classes. Moreover, the concept of seeing light by the human eye
is quite complex. Regarding the concept of seeing an object in white light, the
misconception relating to color may be difficult for students to correct if they are
unaware of the concept that light is a mixture of different colored lights. From this
perspective, the importance of possessing the prior understanding that light from
luminous objects, such as light bulbs, is composed of different colored light, make

this a key concept to be understood before addressing the concept of color.

Regarding the concepts of optical instruments, two of three focused students
from Pattana School and one focused student from Charoen School still held
misconceptions. The teachers skipped some lessons and activities. This might be the
reason her students lacked knowledge on some topics, particularly concerning optical
instruments. It was very clear from the findings that teaching was important in
assisting students’ learning. The teachers had skipped this lesson because the
activities in the lesson took too much time. Because of this, they asked the students to
do a report on this concept. In this lesson, there were hands-on and minds-on activities
that would have helped the students to understand optical instruments. For example,
how telescopes, microscopes, and cameras work. Skipping this lesson probably

affected the students’ understanding of this topic.
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Concerning misconceptions about seeing, even though there was an increase
in the percentage of scientific conceptions held by the students in all sub concepts of
seeing, most students had misconceptions in all of the sub concepts. The students
thought that there light travels from the eyes to the object instead of reflected light
from that object bouncing into the observer’s eyes. This is related to the teaching of
one teacher who gave her students the wrong explanation about the refraction of light.
For example, she did not understand the ray diagram when light travels from one

medium to the other media. For more details see Pranee’s case.

Implications of the Study

The findings presented in this thesis have several implications. These

implications are discussed below.

Implications for Teaching and Learning the Concepts of Light

Teachers should be aware of students’ prior knowledge and alternative
conceptions surrounding the fundamental concepts of light. In addition, teachers
should build on students’ prior knowledge by facilitating student interaction between
the teacher and students and between students and students in the classroom. This
study suggests that within a social group, it is important to focus on students’ prior
knowledge, use a meaningful context to help students to develop conceptual
understandings in a real world context, encourage students by asking thoughtful and
open-ended questions, provide students with opportunities to construct their learning
through interaction with peers, and focus on the students’ cooperative work. Teachers
and curriculum developers should consider the above factors when planning and

teaching the concepts of light.

Implications for Methodology

In this study, all teachers were from Bangkok and were selected using

purposeful sampling. Therefore, this study does not try to generalize and may not
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succeed when used in other contexts. The implementation of the LLU seemed to be
successful in these three classrooms. However, the LLU may not be suited to all
teachers or subjects in other contexts. The reader should consider and learn more
about the context of this study. Reflection on the findings may help them within their

own teaching and learning contexts.

Implications for Professional Development

This study aimed to investigate the effectiveness of implementing a Light
Learning Unit (LLU) based on social constructivist epistemology with the goal of
enhancing students’ understanding of the concepts of light. The key person with
respect to implementation of the LLU was the teacher. The results from the teachers
who implemented the LLU in this study indicated that implementing the LLU may
help teachers to develop their teaching strategies. They may use the unit to develop
teaching strategies consistent with the requirements of the National Education Act
B.E.2542 (1999). Moreover, the three teachers from this study attended a workshop
and teacher support meetings, which were essential to their learning. The teachers had
an opportunity to reflect on their teaching and their students' responses. They shared
ideas to further develop their teaching effectiveness and worked collaboratively on
their teaching and professional development. For example, by planning lessons
together, they helped one another to solve teaching problems. Accordingly, an
implication with respect to professional development is the importance of providing
opportunities for teachers to support peers’ efforts to implement new curricula and

instructional approaches.

Implications for Future Research

- Future research could be done to investigate the effect of the implementation
of the LLU on the growth of the pedagogical content knowledge of teachers. It was
evident in this study that the implementation of the Light Learning Unit provided a
professional development opportunity for teachers. While many teachers gained a

better conceptual understanding of light, and expanded their repertoire of strategies
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during the implementation, further studies need to be conducted to examine the

growth of PCK among teachers before, during, and after implementation of the LLU.

- This study used a social constructivist approach to focus on students’
understanding about light resulting within the context of peer interactions. However,
the teachers discourse was not examined specifically and future studies might explore
possible ways for teachers to communicate, with explicit attention paid to the nature

of their discourse with respect to light.

- Future research might be conducted to see what happens when teachers have
more ownership in creating their lessons about light, particularly in relation to their

understanding of social constructivist epistemology.
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The Current State of Teaching and Leaning Concept of Light Questionnaire (CSTLL)
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The Questionnaire about Teaching Situation about the Topic of Light
in Schools under the Project for Extension of Educational
Opportunity at Lower Secondary Levels
of the Bangkok Metropolis Administration

Explanation: this questionnaire is divided into three parts
Part 1 — Demographic data
Part 2 — Teaching in the classroom

Part 3 — Problems or suggestions



Part I: Demographic data

1.

Sex

What is your age?

() 20—25 years old
() 26 —30yearsold
() 21 —-35yearsold
() 36 —40 yearsold
() more than 40 years old

What is your highest degree completed?

( ) Less than bachelor’s degree
( ) Bachelor’s degree

( ) Master’s degree

( ) Doctoral degree

()O

ther (Specify) ..o,

What is your major field?

( ) Biology

( ) Chemistry
() Physics
()
()

General Science

Other (SPecify) ..o

What is your minor field?

( ) Biology

( ) Chemistry
() Physics
()
()

General Science

Other (SPecify) ..o

How many have you been years teaching science (the topic of light)?

( ) Less than 6 years
() 6—-10years

() 11—15years

() 16 —-20 years

( ) More than 20 years
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7. How many periods do you teach science per week?

( ) 1-5periods a week

() 6—10 periods a week

() 11—15 periods a week

() 16 —20 periods a week

( ) more than 20 periods a week

8. Do you teach subjects other than science?

() no
() YES (SPECEY) ..o

9. Have you ever had teacher training on the following several topics?

( ) Light How much? ...............
( ) Motion and Force How much? ...............
( ) Matter How much? ...............

Part I1: Teaching in the classroom

This part is a questionnaire about teaching in the classroom. There are both
checklist and open-ended questions.

1. What are the books you will use for teaching and learning science?

() IPST science books

() IPST science books and the exercises that you prepare

() IPST science books and other books from private companies
()

()

Only books from private companies
Other (Specify)

2. How much time do you spend preparing for teaching each lesson of the topic
of Light?

() 1 hour or less than
() 2-10 hours

() 11-15hours

( ) more than 15 hours
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4. What teaching methods do you use to introduce the students to a new lesson
in the topic of Light?

5. Ineach topic of light, what are the teaching strategies you use?

Topics

Percent of Teaching strategies

%
Lecture

Class time

%
Demonstration

%
Experiments

%
Other

1. Reflection

2. Refraction

3. Image

formation from
mirror and lens

4. Application of

refraction

5. Sight

6. Light
intensity

6. What do you do when the students are doing an experiment?

()
()
()
()
()

Watch them from the front of the classroom

Prepare for teaching /examining students’ work
Give advice when students have a problems

Observe students’ behavior
Other (SPecify) ..o

7. After finishing an experiment, how do you help your students understand
their results?

()
()
()
()

ead a discussion

L

Have students lead a discussion
Both teacher and students discuss together
The teacher lets students present the results of their experiment
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() Other (SPeCify) ...oooooiiiiooeeeeeeeeeee,
8. How do you help students summarize their experimental results?

( ) The results are summarized by the teacher

( ) The results are summarized by the whole class of students
( ) The results are summarized by each student

( ) The teacher guides the students to summarize the results
() Other (SPeCify) ..o,

9. How do you decide what material or resources to use for the topic of Light?

11. What are the topics that you feel are hard to teach? Please numbers the topics
below in orders of difficulty to teach (with “1” being the most difficult and
“6” being the least difficult)

) Reflection

2) i Refraction

3) Image formation from mirror and lens
4) The application of refraction

5) Sight

0) i Light intensity

12. What are the topics that you feel that most students feel hard to understand?
Please numbers the topics below in orders of student’s difficult to understand
(with “1”” being the most student’s difficult to understand and “6” being the
least student’s difficult to understand)

) o Reflection

2) i Refraction

3) Image formation from mirror and lens
4) The application of refraction

5) Sight

0) i Light intensity
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Part I11: Problems or suggestions

1. Do you have problems doing lesson plans?

()Yes
( )No

If you chose “yes”, what kinds of problems do you have?

) no expert to advise

) no time to prepare

) no skills for make a lesson plan

) Others (SPeCify) ....ooooooiiiiiiiii e

AN AN

Suggestion for solution ...,
2. Do you have problems teaching the topic of light?

() Yes
() No

If you chose “yes”, what kinds of problems do you have?
Lack of content
Lack of teaching strategies

Lack of material, resources

()
()
()
() Others (SPeCify) ...oovioiiiiiiiie e,

Suggestion for SOIUtION ............ocooiiiiiiiiii

3. Check any areas below where you feel you need more content knowledge

) o Reflection

2) i Refraction

3) Image formation from mirror and lens
4) The application of refraction

5) Sight

0) i Light intensity



Appendix B
Interview questions to explore current state of teaching and

leaning concept of light
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Interview Questions to Explore Current

State of Teaching and Leaning Concept of Light

. What curriculum do you currently use?

What do you think about this curriculum?

What science textbook do you use?

What do you think about this textbook?

Do you use any other textbook besides that of IPST? Why?

What teaching strategies do you use to teach the concept of light?

How do you assess student understanding of light?

10. What is the most difficult topic of light to students? Why?

11. What are your difficulties in teaching light?

12. What you do think you need to improve teaching light?



Appendix C
Light Diagnostic Test (LDT)
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Light Diagnostic Test

Explanation:

Diagnostic test about light is consisted of 27 items with 60 minutes
There are three types in this test

2.1 Choose the right answer and reason

2.2 Choose the answer and write the reason to support your answer

2.2 Choose the answer and draw the picture to support your answer
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. How far does light go?

a. Light only travel as far as it is visible.

b. Light travels as far as it is possible.

c. Light travels as far as it is out of energy.

d. Light can go further as far as until it is blocked by something.

Reasons:

1. Lightis energy. When light travels, energy spread out to medium.

2. Human sees light because the optic nerve was stimulated.

3. Light is electromagnetic wave. When light travels, energy does not spread
out to medium.

4. Light cannot travel through the blocked object.

. Which picture show the scientific concept of light from light source?

Reasons:

1. Light is an entity which is located in space (region around the light source)

2. Light fades away with distance from the source

3. Light goes out only in radial direction or each point on a luminous object
emits light in one direction.

4. Light emanates leaving each point of the light source and propagates,

diverging in all spatial directions.
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3. Light travels to three media as picture below. What is medium 1, 2 and 3

respectively?
Light rays

L]
e [/ Y

Medium 2 J

Medium 3

a. Transparent, translucent, opaque
b. Translucent, transparent, opaque
c. Transparent, transparent, opaque
d. Translucent, translucent, opaque

Reasons:

4. The picture shows the 20x30 centimeter plane mirror. The object is placed in
front of the mirror at 10 centimeter. If the observer sits in front of the mirror at
50 centimeter and sits at right direction from the object, what the position the

observer sees the object?
3

% }10 centimeters

50 centimeters

observer




o o ®

&

The image will exist at 10 centimeter as line 1.
The image will exist at 10 centimeter as line 2.
The image will exist on the mirror as line 2.

The image will exist at 10 centimeter as line 3.

This situation can show in which ray diagram?

7
/

image

O

} 10 centimeters

10 centimeters

image

w

X

/
/
i { observer
object

10 centimeters

10 centimeters { 5
\

object

observer

10 centimeters f\

object -E

observer
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5.

If the object

Reasons:

1. The image is virtual, upside down image and left and right reversal.
2. The image is virtual, upside image and left and right reversal.

3. The image is real, upside image and left and right reversal.
4

The image of object was exactly same with actual object.

What is the mirror the dentist use to check the patient teeth and the mirror at

the intersection on the road respectively?

a. Concave,

b. Concave,

image

10 centimeters

~
~
5

~
. ~
10 centimeters { ~ \

object

convex

concave

observer
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is in front of the plane mirror, what is its image look like?
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c. Convex, concave
d. Convex, convex

Reasons:

7. What is the possible refracted ray that can express the refraction of light when

light travel from oil into water?

oil

water

1
b. 2
c. 3
d. None
Reasons:

1. Due to the oil’s density is less than in water and when light travels from
the less density medium to more density medium, light will bend away
from the normal line.

2. Because the speed of light in the oil is more than in water, refraction
occurs.

3. Due to the oil’s density is less than in water and when light travels from
the less density medium to more density medium, light will bend toward
the normal line.

4. The light is still travels in the same line because the speed of light in oil

and water is not much difference.
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8. When the observer sees on the bank, the location of image of fish would be?

a. The image of fish is deeper than it should be.

b. The image of fish is shallower than it should be.

c. The image of fish is the same it should be.

d. None

Reasons:

1. The refraction occurs and light will bend away from the normal line.

2. The refraction occurs because the speed of light in water is more than in
water.

3. The refraction occurs and light will bend toward the normal line.

4. Both 1 and 2

What happens when light passing from one medium into another if it hits the

second medium at right angles to its surface?

a. Light will not change direction when passing from one transparent
material into another if it hits the second material at right angles to its
surface.

b. The refraction of light does not occur but the light will reflect to the
opposite.

c. The refraction occurs in the same direction with incident direction. This
seems no refraction occurs.

d. The refraction occurs because light travels into two media.

Reasons:

1. Light does not change the direction.

2. Because front waves of the incident light travels to the medium at the same
time, the refraction of light does not occur.

3. When light travels at right angles to its surface, there is no refraction
because the speed of light in oil and water is not much difference.

4. The refraction still occurs because light travels from one medium to

another medium
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10. What is picture that can express the refraction of light when light travel into

prism?
a red
- vé purple
prism
b. purple
red
prism
c red
' purple
prism
d. red
purple
prism
Reasons:

1. When the white light travels through the prism, the angle of refraction is
different for different color of light. The purple is most refracted and the
red is the less refracted.

2. When the white light travels through the prism, the angle of refraction is
different for different color of light. The purple ray is the least refracted
and the red ray is the most refracted.

3. The spectrum of rainbow made by prism is continued and each color has
its own exact boundary.

4. Both 1 and 3

11. What happens if half of the lens were covered?

Paper chart

Light source Object Lens

=% |
acpseiiad f\ N Screen
— VooF |

a. The image and its intensity are still the same with the whole lens.
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13.

b.
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The image is still the same with the whole lens but the intensity decreases.

The half image exists and the same intensity with the whole lens.

d. The half image exists and the intensity decreases.

Reasons:

1.

2
3.
4

Light is converted by converging lens. The image is sharp.
Converging lens makes upside down image.

No lens, no image.

. Half lens makes half image.

Why human see object in black color and white color?

There is white or black color into eyes.

b. Seeing black or white because light reflects color of the object (black or
white).

c. When light hits object and then there is no refracted light into eye, black
color exist. When light hits object and then there is refracted light into eye,
white color exist.

d. When light hits object and then there is no reflected light into eye, black
color exist. When light hits object and then there is reflected light into eye,
white color exist.

Reasons:

1. Seeing light color because a particular light travels to eyes

2. The color of an object is determined by colored light it absorbs such as
black object absorbs all color lights but white object reflects all color lights

3. The color of an object is a physical property of that object.

4. White color is more reflected than black color

The object is put in front of the lens at 0.18 meter. Then, the image exists in

front of that lens at 0.06 meter. Is this lens converging or diverging lens? What

are the focal length and the magnificent of the lens?

a.

b.

Converging lens with 0.09 meter focal length and its magnificent is 1/3

Diverging lens with 0.09 meter focal length and its magnificent is 1/3
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Converging lens with 0.045 meter focal length and its magnificent is 1/3

d. Diverging lens with 0.045 meter focal length and its magnificent is 1/3

Reasons:

15.

. What happened when the students look at the green object for a long time and
then look at the white wall and why?

a. Green

b. Magenta

c. White

d. Black

Reasons:

1. The students saw the green object for a long time, it made the green cone
cell in fovea of the eye not is responded and the red and blue cone cells
worked.

2. The brain would recognize the color they look at the first time.

3. Seeing light is caused from the working of all cone cells in fovea of the
eye.

4. Seeing light is caused from the non-working of all cone cells in fovea of
the eye.

Why the white light travels to red filter is red color light?

a. The color of an object is the color of the light that is reflected by that
object.

b. The function of a filter is to change the color of the transmitted light.

Light travels through red filter is still white but something from filter
excite the red color to be most reflected to eye.

Red light is the reflected light from the filter.
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Reasons:

. The object is put in front of the converging lens at 0.1 meter and this lens has

the focal length as 0.05 meter. What is the type of image, the image distance,

and the magnificent of the lens?

a. The image is real. The image is two times bigger than object at 0.05 meter
from lens.

b. The image is real. The image is two times bigger than object at 0.1 meter
from lens.

c. The image is real. The image is the same size with object at 0.1 meter from
lens.

d. The image is virtual. The image is bigger than object at 0.1 meter from
lens.

Reasons:

. How Dang sees the candle flame in the dark room?

a. Dang has eyes.

b. The reflected light from candle flame travels to Dang’s eyes.
c. Light from the candle flame travels to Dang’s retina.

d. Light from the candle flame travels to Dang’s eyes

Draw the picture to represent it
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18. How Dang sees the candle stick in the dark room?
a. Dang has eyes.
b. Light from the candle flame travels to Dang’s eyes.
c. The light from candle stick travels to Dang’s eyes.
d. Light from the candle flame travels to candle stick then light reflected to
Dang’s eye.

Draw the picture to represent it

19. The object is put in front of the curve mirror at 0.05 meter. Then, the virtual
image exists behind that mirror at 0.1 meter. Is this curve mirror the concave

or convex mirror? What is the focal length of this curve mirror?

a. Convex mirror with 0.03 meter focal length
b. Concave mirror with 0.03 meter focal length
c. Convex mirror with 0.1 meter focal length
d. Concave mirror with 0.1 meter focal length

Reasons:

20. What the eye problem is with the following picture and its correction?

a. Nearsightedness, diverging eyeglass lens
b. Farsightedness, converging eyeglass lens

c. Nearsightedness, converging eyeglass lens
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d. Farsightedness, diverging eyeglass lens

Reasons:

21. What sentence is right about telescope?
a. objective lens makes upside down image and eyepiece lens makes bigger
image
b. objective lens makes bigger image
c. image from telescope should be real, upside down

d. the focal length in eyepiece lens is more than it in objective lens

Draw the picture to represent it

22. From the picture what is A, B, and C

a. Transparent mirror, diverging lens, and diverging lens
b. Converging lens, transparent mirror, and diverging lens
c. Transparent mirror, diverging lens, and converging lens
d. Diverging lens, diverging lens, and converging lens
Reasons:
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23. Is the image from camera and retina different?

a. Yes
b. No
Reasons:

1. The image is real, upside down image and smaller than object both in
camera and retina.

2. The image from camera is real, upside down image and smaller than object
but the image from retina is virtual, upside image and smaller than object.

3. The image from camera is virtual, upside image and smaller than object
but the image from retina is virtual, upside image and the same size with
object.

4. The image is real, upside image and smaller than object both in camera

and retina.

24. The object is put in front of the diverging lens at 0.15 meter and this lens has
the focal length as 0.06 meter. What are the type of image and the image

distance?

a. The image is real and exists at 0.1 meter from lens.

b. The image is virtual and exists at 0.1 meter from lens.

c. The image is real and exists at 0.043 meter from lens.

d. The image is virtual and exists at 0.043 meter from lens.

Draw the ray diagram.

25. Where the image exists, the size of image of the concave mirror when the

object is put between the focal point (f) and 2f by the concave mirror?

a. The image is real, upside down image and bigger than object at more than

C.
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b. The image is virtual, upside down image and bigger than object at more
than C.

c. The image is real image, upside down and the same size with object
between F and C.

d. The image is virtual, upside down image and smaller than object at more
than C.

Draw the ray diagram.

26. What happened when the students wear striped T-shirt with white and red and

green cap in the green spotlight?

a. Striped T-shirt with green and black and green cap in the green spotlight
b. Green T-shirt with and green cap in the green spotlight

c. Striped T-shirt with green and yellow and green cap in the green spotlight
d. Striped T-shirt with green and white and white cap in the green spotlight

Reasons:

27. Microscope is consisted with 2 diverging lens. The image from objective lens

is far from eyepiece lens as?

a. As focal length of eyepiece

b. More than focal length of eyepiece a bit
c. More than 2 focal length of eyepiece a bit
d. Less than focal length of eyepiece

Draw the picture to represent it
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