


THESIS 

 

THE DEVELOPMENT OF HIGH SCHOOL STUDENTS’ 

UNDERSTANDING AND APPLICATION OF HEAT AND 

THERMODYNAMICS CONCEPTS THROUGH  

A CONTEXTUAL APPROACH 
 

 

 

 

 

 

 

 

 

 
 

A The

th

 Doct

Gra
TUSSATRIN    KRUATONG
 

 

 

 
 

 

 

 

 

 

 

sis Submitted in Partial Fulfillment of  

e Requirements for the Degree of 

or of Philosophy (Science Education) 

duate School, Kasetsart University 

2007 





 iii

ACKNOWLEDGEMENTS 

 
  
 First of all, I would like to thank Assoc. Prof. Dr. Sunan Sung-ong, Assist. 

Prof. Dr. Naruemon Yutakom and Assoc. Prof. Penchantr Singh, research committee, 

for a large number of excellent suggestions during a meticulous process of my thesis. 

Special thanks go to my co-advisor, Assoc. Prof. Dr. Bronwen Cowie who is most 

responsible for helping me complete the writing of this thesis as well as the 

challenging research that lies behind it, and Prof. Dr. Alister Jones, who help me a lot 

with his encouragement and constant guidance and brought out the good ideas in me.  

  

 I express my appreciation to physics teachers and high school students for 

their goodwill and cooperation during implementing a learning intervention. Without 

their active involvement, this thesis would not have been possible. Furthermore, I 

would like to express my gratitude to Prof. Dr. Vantipa Roadrangka, the Program 

Coordinator of the Programe to Prepare Research and Development Personnel for 

Science Education, Kasetsart University, for her continue support and encouragement 

both in the Ph.D. and the fullness of a responsible person.  

 

 I would like to thank my family and friends. They were always with me 

whenever I was happy or tired, thanks for their warm hearts and wonderful power. 

 

 I wish to express my appreciation to the Institute for the Promotion of 

Teaching Science and Technology (IPST) and the Project for Promotion of Science ad 

Mathematics Talented Teachers (PSMT) for supporting my study in the Ph.D. and to 

the Graduate School, Kasetsart University, for the research funding. 

 

Tussatrin   Kruatong 

                                                                                                          March  2007 

 
 
 

 



 i

TABLE OF CONTENTS 
 

 Page 

LIST OF TABLES 

 

LIST OF FIGURES 

 

CHAPTER I  INTRODUCTION 

Background to the Research Study 

Rationale for Investigation 

Outline of the Study 

Aims of the Research Study 

The Research Questions 

Summary 

iv 

 

vi 

 

1 

1 

6 

8 

9 

9 

10 

CHAPTER II  LITERATURE REVIEW 

Introduction 

Theories of Learning  

Teaching and Learning Science in Contextual Approach 

Teaching and Learning about Heat and Thermodynamics 

Theoretical Framework of This Research Study 

11 

11 

12 

26 

37 

47 

CHAPTER III  METHODOLOGY 

Introduction 

Research Methodology  

Research Design 

Research Instruments 

Data Collection and Data Analysis  

Summary 

50 

50 

50 

66 

69 

74 

80 

 

 

 

 



 ii

TABLE OF CONTENTS (CONTINUED) 
 

 

 Page 

CHAPTER IV  EXPLORATORY PHASE  

Introduction 

Students’ Existing Understanding of Heat and 

Thermodynamics 

Teaching and Learning Heat and Thermodynamics in Existing 

Classrooms  

Investigation of Student Interests Evolving Contexts of Heat 

and Thermodynamics 

Summary  

82 

82 

 

82 

 

96 

 

101 

109 

CHAPTER V  DEVELOPMENT OF HEAT AND THERMODYNAMICS 

LEARNING UNITS 

Introduction  

Guiding Principles of Heat and Thermodynamics Learning 

Units 

Learning Sequence with a Contextual Approach  

Unit Design and Development Process 

Activities of Heat and Thermodynamics Learning Units 

Summary  

 

111 

111 

 

111 

115 

117 

121 

127 

CHAPTER VI  IMPLEMENTATION AND EVALUATION OF THE 

HEAT AND THERMODYNAMICS LEARNING UNITS 

Introduction  

Case Study One:  School A 

Case Study Two: School B 

Case Study Three:  School C 

Cross Cases Discussions and Conclusions  

Summary  

 

128 

128 

129 

160 

187 

213 

226 

 



 iii

TABLE OF CONTENTS (CONTINUED) 
 

 

 Page 

CHAPTER VII  CONCLUSIONS AND IMPLICATIONS 

Introduction 

Conclusions 

Implications of the Study 

227 

227 

227 

239 

 

REFERENCES 

 

APPENDICES 

Appendix A  Heat and Thermodynamics Concept 

Questionnaire 

Appendix B  Teacher Interview Schedule 

Appendix C  Heat and Thermodynamics Interest 

Questionnaire 

Appendix D  Learning Heat and Thermodynamics 

Questionnaire 

 

BIOGRAPHICAL DATA 

 

 

242 

 

261 

 

262 

270 

 

272 

 

280 

 

282 

 

 

 

 

 

 

 

 

 

 

 



 iv

LIST OF TABLES 
 

Table 

 

  Page 

2.1 Stages of possibilities of teaching science in context 

 

46 

3.1 Data collections and timelines 

 

68 

4.1 The number and percentage of  students’ correct responses 

through the varied thermal contexts used in the HTCQ 

 

 

83 

4.2 Students’ understanding of the terms heat and temperature  

 

85 

4.3 Summary of students’ alternative conceptions of heat and 
thermodynamics in the exploratory phase  
 

 

94 

4.4 Ranking of students’ interest in contexts of heat and 

thermodynamics 

 

 

102 

4.5 Comparisons of students interests between context groups 

 

104 

5.1 Expected learning outcomes of heat and thermodynamics 

 

118 

6.1 School A students’ experimental results 

 

139 

6.2 The frequencies and means of school A students responses to the 

heat and thermodynamics learning units  

 

 

143 

6.3 The number and percentage of  school A students’ correct 

response through the varied thermal contexts used in the HTCQ  

 

 

150 

   

 



 v

 

 
LIST OF TABLES (CONTINUED) 

 

Table  

 

Page 

6.4 School A students’ understanding of the terms heat and 

temperature 

 

 

152 

6.5 The frequencies and means of school B students responses to the 

heat and thermodynamics learning units  

 

 

170 

6.6 The number and percentage of  school B students’ correct 

response through the varied thermal contexts used in the HTCQ  

 

 

177 

6.7 School B students’ understanding of the terms heat and 

temperature 

 

 

179 

6.8 School C students’ response of the statements involving the 

concepts of temperature and phase change 

 

 

194 

6.9 The frequencies and means of school C students responses to the 

heat and thermodynamics learning units   

 

 

197 

6.10 The number and percentage of  school C students’ correct 

response through the varied thermal contexts used in the HTCQ  

 

 

204 

6.11 School C students’ understanding of the terms heat and 

temperature 

 

 

205 

6.12 Three case study students responding to the heat and 

thermodynamics questionnaire by means  

 

215 

  

 

 



 vi

LIST OF FIGURES 
 

Figure 

 

   Page 

2.1 Contextual constructivist model of learning 

 

28 

2.2 Context-based learning sequence flowchart  

 

33 

2.3 Physics context flowchart  

 

36 

2.4 Concept map illustrating heat and thermodynamics 

 

39 

3.1 Identified components of data collection and analysis: interactive 

model 

 

 

62 

5.1 Flowchart of the learning sequence with a contextual approach 

 

115 

5.2 Flowchart of consequence of concepts and contexts in the heat and 

thermodynamics learning units 

 

 

120 

6.1 A student work sheet involving the concepts of heat and 

temperature 

 

 

134 

6.2 Results of heat and thermodynamics concept questionnaire from  

the traditional approach and contextual approach 

 

 

218 

7.1 An unbalance contextual constructivist model of learning: Type 1 

 

238 

7.2 An unbalance contextual constructivist model of learning: Type 2  

 

238 

 

 

 



CHAPTER I 

 

INTRODUCTION 
 

Background to the Research Study 

 

Thailand has been undergoing an educational reform with a new National 

Standard for Science Education for primary and secondary schools. This educational 

reform aims to develop students’ ability in learning and solving problems in a variety 

of complex contexts throughout their lifetime (Office of the National Education 

Commission (ONEC), 1998). Teaching and learning science should prepare students 

to understand science content and to be able to apply their knowledge (Bhumirat et 

al., 2001; Boonklurb, 2000; IPST, 2001). This study will contribute to the educational 

reform by exploring how Thai students learn, and developing learning units for heat 

and thermodynamics based on the Thai context in a manner consistent with the new 

National Standard for Science Education.  

  

The results from TIMSS (1996) showed that Thai students performed well in 

biology, but not in chemistry and they had a very low level of achievement in physics. 

Therefore learning and teaching of physics need to be improved as fast as possible 

(Khaynill, 2003). It is natural that students might face difficulties in learning physics 

because many concepts in physics are abstract and cannot be directly observed. Heat 

and thermodynamics concepts are also concepts which are very abstract (Driver, 

1989; Harrison, Grayson and Treagust, 1999; Lewis and Linn, 1994; Linn and Songer, 

1991). Thai high school students have been shown to have a low-level of 

accomplishment in applying heat concepts to daily life (Deejaras, 2002). Learning 

these concepts can be difficulties for students because they face problems concerning 

their understanding and have difficulties in retaining and subsequently applying what 

they have learned (Limsuntitam, 2003; ONEC, 1998). Moreover, teaching and 

learning approaches in heat and thermodynamics tend to ignore student interest, 

student experience and setting the learning in relevant contexts. Students generally 

learn physics by traditional teaching methods with little encouragement to apply 
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concepts and information in useful real life contexts and unfamiliar locations. This 

has continued even following the introduction of the Act (Bhumirat et al., 2001; 

ONEC, 1998). This chapter provides an overview of the educational reform and the 

context of teaching and learning science in Thailand. Problems concerning heat and 

thermodynamics learning and ways to develop student understanding and application 

of heat and thermodynamics are discussed. An outline of the study is provided along 

with the aims and research questions. 

 

1. Educational reform in Thailand 

 

 Thailand is in the process of educational reform in order to develop potential 

citizens for the knowledge-based society which underlies a new economic system. 

The Office of the National Education Commission (ONEC, 1998) of Thailand has 

provided the Education Act with the intent of improving the quality of education by 

focusing on four areas. These are: school reform, administrative reform, teacher 

reform, and curriculum, teaching and learning reform. This study focuses on the area 

of curriculum, teaching and learning reform.  This area of reform emphasizes reform 

through the introduction and implementation of new approaches to teaching and 

learning that provide learning processes in line with learner interests and aptitudes. 

The ONEC (1998) sets the ultimate goal for schools as being to produce students who 

have the ability and desire to learn and solve problems in a variety of complex 

contexts throughout their lifetime (Boonklurb, 2000; IPST, 2001; ONEC, 1999). 

Section 22 in the Chapter 4 details the goal of the Thailand National Education Act 

B.E. 2542 (1999). 

 

Section 22 Education shall be based on the principle that all learners are 

capable of learning and self-development, and are regarded as being 

important. The teaching – learning process shall aim at enabling the learners 

to develop themselves at their own pace and to the best of their potential 

(ONEC, 1999, Chapter 4). 
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Therefore, in the designing of teaching and learning processes, teachers 

should be aware of what students need to learn and prepare them to understand the 

connections between content knowledge and real life contexts, and to apply this 

knowledge at home, school, worksites and other environments.  They should also aim 

to strengthen the connection between academic classrooms and communities 

(Bhumirat et al., 2001; Lynch and Harnish, 2001). Chapter 4 of the Act focuses on 

educational reform through the implementation of student-centered learning and life-

long learning. Student-centered learning is presented as the new approach to teaching 

and learning (ONEC, 1999). This approach has evolved out of a constructivist view of 

learning which is based on the idea that knowledge is actively constructed and is best 

constructed through authentic learning. Thus, constructivist learning theory can be 

seen as the theoretical framework for Thai teachers in the development of their own 

classroom teaching. 

 

Under the National Education Act of 1999, compulsory education in Thailand 

has been extended from six years to nine years. Government budget education, 

including science education, is available to all Thai citizens from year 1 through year 

12. The present education system is 6:3:3:4+ years for primary, lower secondary, 

upper secondary and higher education, respectively. Thailand has a national 

curriculum framework but every school has to develop their own curriculum based on 

this. Each school can design their lessons based on local needs (MOE, 1996); that is 

they can design a school-based curriculum.  Designers of a curriculum have to be 

aware of creating a happy learning environment for learners at all levels and have to 

organize teaching and learning processes that require systematic thinking and 

emphasize practice rather than rote learning. Learning activities have to encourage the 

learners to learn more from nature and the environment and teachers have to ensure 

that the learner uses the experiences and knowledge gained from their family and 

community as a part of teaching. Basic learning standards have to be determined by 

the requirements of the learner while encouraging each school to develop and improve 

on the basis of national standards as appropriate. The local community and population 

are encouraged to participate in curriculum development and textbook production in 

accordance with the need of each community.  
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However, there are many factors that hinder educational reform. For example, 

many teachers in Thailand still believe that the traditional teaching approach, which 

emphasizes memory and passive learning, is the best way for preparing students for 

success in the university entrance examination. This means many teachers in Thailand 

do not see the need to change their teaching approach. The big problem in educational 

reform then, is that many teachers lack understanding of new teaching approaches 

(Office of Commercial Services, 2002). Teaching using new approaches requires 

teachers to give up practices which they have developed over many years and which, 

for them, have proved to be effective in the classroom. It may require them to acquire 

new subject knowledge, or to think about existing knowledge in new ways. Such 

change requires considerable preparation and time. Solutions to the problems facing 

educational reform require cooperation among teachers, educators, researchers and 

experts. This study would like to be a part of educational reform by providing insight 

into how Thai students learn, and developing learning units based on Thai contexts 

and a constructivist view of learning. It is hoped it will become an example of a new 

teaching strategy that is useful to Thai teachers to help them understand more about 

new teaching approaches. 

 

2. Teaching and learning science in Thailand 

 

 Science education reform in Thailand is focused on teaching science in a way 

that relates to all students (Science for All) and, as such, is the same as science 

educational reform around the world. This means Thai students must learn not only 

scientific and technological developments and their consequences, but also integrate 

their ideas positively into the social and public environments. They should be able to 

avoid dangerous issues in their daily lives and in appliances that are found in their 

homes.  Interestingly, seen from the present Thai science curriculum standard, all 

Thai students need to learn science from year 1 through year 12 in accordance with 

the national education standard which places emphasis on science and technology 

education.  The science curriculum for all students, including honors science students, 

has been developed to meet the requirements of the Act by the Institute for the 

Promotion of Teaching Science and Technology (IPST). This Institute has played a 
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major role in the development of the national science curriculum standard and in 

teaching science in Thailand. This is described in next section. 

 

3. Science curriculum 

 

 IPST established the standard of science education. This standard has two 

parts. The first part is that science knowledge that must be attained by all students. 

The second part is that a standard of science knowledge must be met by all students 

who need a background in science and technology for further education. The new 

national curriculum for science includes an overarching statement for teachers which 

makes clear the principles that schools must follow in their teaching across the 

curriculum, to ensure all students have the chance to succeed (IPST, 2001). The 

statement highlights six main objectives for inclusion in planning and teaching: 1) 

understanding principles, concepts and theories of basic science; 2) understanding the 

nature of science; 3) promoting the process of learning science and research in 

science and technology; 4) promoting an open–minded, rigorous attitude towards 

science; 5) understanding the inter–relationship and impact of science, technology, 

humanity and the natural environment; and 6) demonstrating applications of science 

and technology in daily life and society.  

 

4. Teaching about science 

 

Although the education reform has been in progress for some time, teaching 

and learning processes have not been improved to the desired standard. This is 

because a majority of schools do not have sufficient materials and equipment and 

even those that are available tend to be obsolete and substandard. In addition, most 

teachers are inexperienced in producing and utilizing teaching materials (Boonklurb, 

2000). The system of entrance examination to higher education is also a major hurdle 

to effective teaching and learning of science. Students tend to be too interested in 

passing the examination (Boonklurb, 2000). So assessment is another factor that has 

limited the development of teaching. Fortunately, following the reforms, tests have 

placed more emphasis on both the content and the learning process. This has forced 
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teachers to reconsider their teaching and to create a balance between teaching science 

content and scientific processes. Classroom activities have to be shifted from chalk 

and talk to have more emphasis on discovering, discussing, brainstorming and 

presenting and linking school science to students’ everyday lives. The next section 

considers the implications of these principles and the challenges which arise in 

seeking to make the science curriculum accessible to all students.  

 

Rationale for Investigation 

 

 Student understanding of heat and thermodynamics is very important because 

it is one of the basic concepts which underlies in many of the concepts, laws, and 

principles of thermal physics such as specific heat, latent heat and thermal 

equilibrium. Also, heat and thermodynamics are very general and fundamental 

concepts in other areas of physics, especially modern physics, for example, energy 

and mechanics. These concepts are applicable in many fields of physics, chemistry 

and technology. Most important, these concepts can be useful for the students both in 

their everyday and working lives.  

 

1. Problems concerning heat and thermodynamics learning 

 

Heat and thermodynamics involves many observable influences and is readily 

amenable to developing activities (Lewis and Linn, 1994; Linn and Songer, 1991). 

Nevertheless, teaching and learning of heat and thermodynamics still often fails to set 

learning in contexts such as a laboratory, a computer laboratory or a work site, as a 

means to encourage student understanding. Even when laboratory activities have been 

set, they are often not consistent with student interests and real life contexts. They do 

not make sense to students. Heat and thermodynamics are abstract concepts and can 

be difficult to understand. This can lead to problems with student understanding and 

student difficulties in retaining and subsequently applying what they have learned in 

their further education. A large number of studies have been conducted to explore 

student misunderstandings of heat and thermodynamics (Driver, 1989; Harrison, 

Grayson and Treagust, 1999; Lewis and Linn, 1994; Linn and Songer, 1991; Thomaz 
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et al., 1995). Driver (989) suggests that most student misunderstandings of heat are 

grounded in everyday experience and seem to be especially resistant to change. This 

is perhaps because students’ prior knowledge may come from earlier studies, texts 

and lectures and, very importantly, also from everyday information, news, 

commercials, parents and friends.  

 

 In 1998, ONEC reported that many Thai students had difficulty in applying 

physics knowledge. Deejaras (2002) studied physics applications in the daily lives of 

high school students and found that the students had a low level of accomplishment in 

applying heat concepts to daily life. These problems are likely to have occurred 

because teachers have taught physics by methods which do not encourage students to 

apply concepts and information in real life contexts and unfamiliar situations 

(Bhumirat et al., 2001; ONEC, 1998). In conclusion, students in Thai secondary 

schools often gain low physics achievement scores. There are two reasons for this: 

student lack motivation to learn physics because they do not see it as applicable to 

their real life and physics is presented to students as theories and formulas with little 

done to relate the science of physics to their everyday lives.  

 

2. Teaching and learning: a contextual approach 

 

According to constructivist learning theory, students naturally construct new 

knowledge and understanding based on what they already know and believe (Yager, 

1991). Whitelegg and Parry (1999) stated that “learning occurs when students process 

new information or knowledge in such a way that it makes sense to them in their own 

frames of reference (their own inner worlds of memory, experience and response).” 

So teaching and learning by lecturing is not enough, teachers need to provide learning 

experiences that occur in close relationship with the real life experience of students. 

 

One application of constructivist theory, known as the contextual approach to 

teaching and learning, emphasizes learning in context (Finkelstein, 2001; Sears and 

Hersh, 2000). This approach is built on the notion that when subjects are integrated 

into appropriate contexts students are more able to use the acquired knowledge and 
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skills in appropriate contexts (Berns and Erickson, 2001). In this approach, learning is 

directly related to life experiences. Drawing on its roots in constructivist learning 

theory, the contextual approach recognizes that teaching and learning need to occur in 

multiple contexts and so seeks to anchor teaching in the diverse life context of 

students and to encourage students to employ their academic understandings and 

abilities in a variety of contexts to solve simulated or real-world problems (Sears and 

Hersh, 2000; Waco, 1999). This approach is intended to make the social and personal 

relevance of physics more apparent to students (Vignouli, Hart and Fry, 2002). It goes 

hand in hand with the notion that students need to practice communicative skills, to 

solve real life problems, to understand and apply academic principles (Hammond and 

Snyder, 2001; Howey, 1999; Paris and Winogrd, 2002; Pierce and Jones, 2002).  

 

Outline of the Study 

 

 This study aims to provide insight into how a contextual approach can be used 

to teach heat and thermodynamics. The focus is on providing alternative ways that 

teachers might use in order to develop their students’ concepts. The focus is on 

attending to student misconceptions in the design of a course through the use of 

naturally meaningful, context-based learning (Wiser, 1995). There are two aspects 

that underpin this process and the study. The first aspect is the constructivist approach 

to learning and teaching; here it is important to discover student understanding as the 

basis for developing effective teaching and learning units. Hence the understanding of 

heat and thermodynamics held by physics students is explored. The second aspect is a 

contextual approach to content. In attempting to teach heat and thermodynamics in 

contexts based on student interests, this study also surveyed student interests in 

different contexts such as everyday life, the environment, natural phenomena and 

technological applications. The information on student interests is used in the learning 

units developed by the researcher. The heat and thermodynamics learning units 

developed using a contextual approach have the potential to create context and 

authenticity for students and to address problems in learning heat and 

thermodynamics concepts. 
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Aims of the Research Study 

 

 The purpose of the research study is to explore the process of teaching and 

learning heat and thermodynamics using a contextual approach.   

1) To explore student understanding of heat and thermodynamics concepts as 

it is currently taught. 

2) To investigate teaching and learning approaches to heat and 

thermodynamics in the current situation. 

3) To explore student interests in the context of technology, environment, 

nature and everyday life as they relate to heat and thermodynamics. 

4) To design the heat and thermodynamics learning units based on students’ 

understanding and interests. 

5) To determine the effect on students’ understanding of heat and 

thermodynamics in learning units that uses a contextual approach. 

 

Research Questions 

 

 The research questions have been developed based on the aims of the research 

study as follows:  

1) What are the current situations about teaching and learning heat and 

thermodynamics? 

1.1) What is student understanding of heat and thermodynamics concepts 

as it is currently taught? 

1.2) How are heat and thermodynamics concepts taught in the current 

classrooms? 

2) What heat and thermodynamics contexts are students interested in? 

3) What is the effectiveness of the trail intervention units on heat and 

thermodynamics using a contextual approach in enhancing students’ learning? 

3.1) What contexts are useful for assisting students to develop 

understanding with certain types of alternative conceptions? 

3.2) What are student responses to the trial intervention units? 
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 This research follows the model of exploring existing practice and 

understandings, developing interventions and evaluating the intervention. 

 

Summary 

 

 The literature reviews suggested that it is useful to include everyday contexts 

and the experience instructions for several reasons. It encourages students to explain 

situations and develop their own explanations using their conceptual understanding in 

a manner consistent with scientific principles. Additionally, it makes scientific 

knowledge easier to remember. Students’ everyday experiences can serve as 

prototypes for new conceptions as well as more principled understandings. Students’ 

alternative understanding of heat and thermodynamics concepts might be useful for 

physics teachers to know so that they can develop their teaching practices to take 

account of these. The heat and thermodynamics learning intervention, incorporating 

as it does a contextual approach, will provide a guideline for teachers to develop their 

awareness of the role of contexts in learning and how they might adapt the idea of a 

contextual approach to content for developing learning units in other physics content 

areas. 

 

 Heat and thermodynamics instruction has been studied extensively but the 

critical natures of these interventions have not covered all of the concepts in heat and 

thermodynamics. Also, research conducted elsewhere it is not necessarily applicable 

to a Thai context. Thus, this study will propose strategies for enhancing Thai 

secondary student understanding of heat and thermodynamics. This study will explore 

how students meet difficulties in understanding heat and thermodynamics concepts 

related to their real world experiences.  

 

 

 

 

 

 

 



CHAPTER II 

 

LITERATURE REVIEW 
 

Introduction 

 

This research study is guided by a contextual approach to content and a 

constructivist approach to learning and teaching. This chapter begins by reviewing the 

literature on learning theories and then more specifically on constructivism.  Another 

learning theory is situated cognition theory which deals with viewing of cognitive as 

situated. It implies that students should learn knowledge and skills in meaningful 

contexts. So this section will describe situated cognition, authentic instruction and 

cognitive apprenticeship. Situated cognition will be discussed, its meaning, its role in 

development of student understanding and applications, and its implications for 

classroom teaching.  

 

In order to discover the way to develop learning units using a contextual 

approach the designer has to aware how students learn be able to see how physics 

concepts relate to their interests and how students build an understanding of content in 

a context. So teaching and learning science using a contextual approach will be 

described in terms of what contextual approach is, meaning of context, the goals, 

teaching strategies, how to prepare contexts and issues in a contextual approach to 

teaching and learning. 

 

In a constructivist approach to learning and teaching, science researchers and 

teachers should elicit students’ alternative conceptions in order to take these into 

teaching science. Students’ alternative conceptions of heat and thermodynamics are 

reviewed. Overviews of some teaching strategies, which have been used for teaching 

heat and thermodynamics, are also summarized in this section, including reviews 

some projects that try to develop student understanding and increase student interest 

in learning heat and thermodynamics using a contextual approach. Theoretical 

framework of this research study is described in the last section. 
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Theories of Learning 

 

 In this section, the contributions of learning theories known as behaviourism, 

cognitivism, constructivism and situated cognition will be described.  

 

1. Behaviourism 

 

Behaviourism was the first psychology that looked at human behaviour. It 

came from the ideas of Ivan Pavlov (1928) who studied dogs’ behaviour and how they 

reflected the conditions and proposed that the human behaviour can be predicted and 

controlled the same ways as dogs’ behaviour. Thorndike (1949) also proposed that 

learning will occur if a person is positively reinforced without punishment and 

repeatedly stimulated with practice. The main idea of behaviourism is presented by 

Skinner as operant conditioning. He believed that response behaviour is controlled by 

positive reinforcement or stimulus (Skiner, 1974; 1978).  

 

According to behaviourists, learning is a permanent change in the observable 

behaviour that occurs because of experience. Behaviourism treats learners as 

passively responding to the environment (Eggen and Kauchak, 2001). Learning 

occurs when the learner changes consequent behaviour of a capability, therefore, 

instruction is sequenced using the five steps to a behaviour change programme: 1) set 

behaviour goals; 2) determine appropriated reinforcements; 3) select procedures for 

changing behaviour; 4) implement procedures and record results; and 5) evaluate 

progress and revise as needed (Good and Brophy, 1995).   Instruction involves 

building stimulus-response association by cuing learners as to the nature of the 

response desires and then providing immediate feedback about the correctness of the  

response elicited, so that correct responses are reinforced and incorrect response are 

extinguished. 

 

Behaviourism was the dominant force in education psychology until the 

1960s, when cognitivism began the revolution. Cognitivism maintained that learning 

from the environment is active and purposeful, rather than passive and controlled by 
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positive stimulus. That means learning involves cognitive processing of information, 

rather than mere stimulus-response association. The staged shift from behaviourism to 

cognitivism had occurred because some critics feel that behaviourism relies too much 

on reinforcement of the human behaviour and could not explain the ways learners 

attempt to make sense of what they learn (Good and Brophy, 1995).  

 

2. Cognitivism 

 

Cognitivism is an important step in the evolution of our understanding of the 

human cognition. Piaget’s theory deals with a child going through stages of cognitive 

development where development is related to what a child can learn at each stage. 

Understanding is developed step by step when a child actively participates and is 

involved in learning activities (Duit and Treagust, 2003). Piaget also proposed that 

cognitive development consists of four major stages: sensorymotor (using sensory and 

motor capabilities); preoperational (using symbols and responding to objects and 

events based on how they appear to us); concrete operational (thinking logically); and 

formal operational (thinking about thinking). Apart from cognitive development, he 

found that student new ideas are developed by assimilation and accommodation. 

Assimilation is the use of existing structures to understand and interpret new 

experiences. Accommodation is the adjustment of the organism to the environmental 

demands though modification of existing structures (Flavell, Miller and Miller, 2002; 

Rebok, 1987).  

 

According to Piaget, childhood cognitive performance depends more on the 

stage of development than on the specific task being performed. For this reason, there 

are four factors responsible for cognitive development: 1) maturation; 2) experiences; 

3) social transmission; and 4) equilibration, integration of maturation, experiences and 

social transmission (Smith, 1999).  It is believed that performance varies greatly 

within each stage and depends more on the acquisition and development of language, 

perception, decision rules, and real world knowledge for each individual child.  
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A cognitive view of learning assumes that learners are mentally active and 

construct their own understanding of the topics they study. It emphasizes internal, 

mental processes in attempting to understand. Based on the Piaget’s work, the 

constructivist perspective is becoming a dominant paradigm in the field of cognitive 

psychology which tries to explain how the learners construct their own knowledge 

(Eggen and Kauchak, 2001). Research findings resulting from this perspective have 

profound implications for the way in which science instruction is carried out.  

 

3. Constructivism 

 

Constructivism is grounded in cognitive psychology (Matthews, 1997; Wilson, 

2000). The theories of Jean Piaget, Lev Vygotsky and Jerome Bruner and along with 

the work of John Dewey from the learning view of constructivism that has influenced 

teaching and knowing in science education. Constructivism is based on the idea that 

knowledge is a human construction and how knowledge is developed (von 

Glasersfeld, 1993; Driver, 1993). It places more emphasis than other cognitive 

theories on learners constructing their own understanding that new learning exists in 

the context of prior understanding (Eggen and Kauchak, 2001). Learning is not 

transferring knowledge, but it is construction of knowledge by learners. Students can 

actively and purposefully construct their own knowledge to make sense of scientific 

phenomena by using their existing knowledge and the new information. In this way, 

learning is seen as the modification of existing knowledge (Bell, 1991). 

 

Each view of learning theory has influenced learning and instructional science. 

However, in recent literature, many researchers and psychologists proposed that 

constructivism plays important roles in contemporary science education (e.g. Driver 

and Oldham, 1986; Duit and Treagust, 2003; Geelan, 1997; Nonodvorsky, 1997; 

Palincsar, 1998).  The constructivist view of learning will be discussed in more detail 

next section in order to explain why it plays an important role in contemporary 

science education and it can be applied in science classrooms. 
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3.1 Importance of constructivist approach 

 

Constructivist views of learning have been accepted as a framework for 

understanding how students learn and developing models of effective teaching. So it 

has become the framework of current education reforms and is used in the national 

science education reforms such as the National Science Education Standards (NSES), 

Project 2061, and Science for All Americans. Additionally, the large number of 

research studies focused in students’ concept learning in science, particularly during 

the last decade, is a distinct indicator that the constructivist view of learning has made 

great impacts in science education. 

 

Researchers and teachers who believe in constructivism recognize and 

consider the importance of discovering the students’ prior knowledge. They accept as 

true that students come to the science classroom with their own life experience and 

can make sense of scientific phenomena by modifying their existing knowledge and 

integrating the new information (Bell, 1991; 1993). Similarly, Bodner (1986) and 

Wheatley (1991) proposed the constructivist model of knowledge, they believed that 

the learners can construct knowledge in their own minds and that knowledge cannot 

be transferred directly from teachers to their students. Each learner constructs their 

own words to explain their understanding and these may differ from others.  

 

This approach has encouraged science researchers and teachers to use a 

variety of techniques to elicit student alternative conceptions. It also motivates science 

teachers and curriculum development to take account of the student alternative 

conceptions into teaching science (e.g. Coll and Taylor, 2001; O’Loughlin, 1992; 

Osborn, 1996).  However, it can not provide precisely practicable aspects (Osborne, 

1996). Under social constructivist views of learning, researchers and teachers have to 

create communities of learners within classroom. These learning communities 

encourage students to take responsibility for their own learning through cooperative 

works.  
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3.2 Different views of constructivism 

In the literature, there are a number of different forms of constructivism 

and each emphasizes something quite different about teaching and learning, e.g. 

personal constructivism; radical constructivism; social constructivism and contextual 

constructivism (Cobern, 1993; Gergen, 1995; Prawat, 1996; Smith, 1999; Tynjala, 

1999). However, the constructivist approach can be divided into two main 

approaches: personal constructivism (cognitive constructivism) and social 

constructivism. The origin of personal constructivism is from Piaget’s work. This 

approach argues that learners can construct their knowledge from their previous 

experiences so learning science in different situations is needed for them (Bettencourt, 

1993). Child-centered and discovery-oriented learning is emphasized. Personal 

constructivisms believe that facts will be discovered by students based on what they 

already know, not be presented by a teacher (Saunders, 1992; Smith, 1999).  

 

Personal constructivism moved to a social constructivism in the late 

1990s. Social constructivism has its origin in Vygotsky’s work which focuses on the 

importance of the society discussed radical/personal constructivism. It means all 

meanings are constructed within social relationships (Garrison, 1997). For example, 

O’Loughlin (1992: 799) protested that learning in constructivism ignores learner 

subjectivity and the socially and historically situated nature of knowing. He stated that 

“knowing is viewed as a process of examining current reality critically and 

constructing critical visions of present reality and of other possible realities so that 

one may become empowered to envisage and enact social transformation”. Therefore, 

the context of learning should be used to encourage student integration of their own 

subjectivities and cultural perspectives to construct their understanding.   Cobern 

(1993) also discussed the impact of constructivism on science teaching and learning 

which makes researchers and educators try to understand student alternative 

conceptions. This argument is about how learning in the environment and context 

influences student knowledge of the natural world. Therefore, many research studies 

in science education shift from personal constructivism toward contextual 

constructivism which assumes that students make sense the nature phenomena rooted 

in a cultural context. Cobern (1993: 18) stated that “While personal constructivism is 
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the anatomy and physiology of constructivism, contextual constructivism is the 

ecology. Both categories are needed to achieve greater understanding of how students 

make sense of the world”.  So the learners will construct knowledge to make sense of 

the world and interpret new information based on existing cognitive structures.  

 

Therefore, constructivist perspectives have become more interested in 

the learner’s social and environmental context. This perspective sees scientific 

knowledge as socially negotiated and established by the scientific community, so 

scientific knowledge has to deal with both society and individuals (Garrison, 1997; 

von Glasersfeld, 1993; O’Loughlin, 1992; Tobin and Tippins, 1993). Consistent with 

this idea, Tobin, Tippins, and Gallard (1994: 4) stated that: 

 

Scientific knowledge continues to change over time because goals and 

problems of society change leading to new experiences; technology provides 

new ways of experiencing; what is known continues to increase at an 

exponential rate; and the individuals that comprise the scientific discipline 

continually change.   

 

Another view of constructivist approaches has shown that constructivism will have 

more emphasis on social, culture and environmental contexts (Soloman, 1987; Millar, 

1989; Cobern, 1993). Cobern (1993: 17) states that “contextual constructivism is a 

natural outgrowth of personal constructivism.” Contextual constructivism is defined 

by how learners interpret phenomena using their previous experience and culture. 

Cobern also explained that this approach tries to provide meaning and learning 

experiences and allow learners to apply what they have learned beyond classroom. 

  

3.3 Characteristics of constructivism 

 

There are many different views of constructivism. However, most 

constructivists agree on four characteristics that influence learning (Brunning et al., 

1999; Good and Brophy, 1995; Mayer, 1996; Simpson, 2001): 
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1) Learners construct their own understanding - from the basic principle of 

constructivism, students interpret stimuli on the basis of what they already know and 

they construct understandings that make sense to them; 

2) New learning depends on current understanding - new learning is 

interpreted in the immediate context of current understanding. It is not first learned as 

isolated information which is connected to existing knowledge later;  

3) Learning is facilitated by social interaction - social interaction provides 

opportunities for students to articulate their own ideas, compare them to others, and 

change them if necessary; 

4) Situated learning within authentic task - learning can occur by involving 

learners in completion of authentic tasks which are anchored within a context 

meaningful to them. Authentic tasks can simulate real world problem situations and 

provide students with practice in thinking in realistic, life-like situations. It also 

increases students’ motivation to learn (Borko and Putnam, 2002; Gersten and Baker, 

1998).  

 

3.4 Implication for classroom 

  

The four general characteristics of constructivism extended to be the 

pedagogical of constructivism. The first is the eliciting of prior knowledge and 

understanding especially to diagnose existing misconceptions or non- viable 

constructions and the second is the intervention by teachers to mediate the learning of 

students with purposive activity. Within the constructivist paradigm, learning is a 

learners’ active continuous process of constructing their conceptions of phenomena 

because learners interpret new information on the basis of their existing knowledge. It 

emphasizes encouraging the student to engage in cognitive, metacognitive and 

reflective activities (Tynjala, 1999; Wheatley, 1991). The third is establishing social 

situations in which students can make sense of experiments in terms of what is 

already known. In teaching science, the ideas of both personally constructed and 

socially constructed knowledge must be considered. What learners are doing during 

active learning may be seen as the personal construction of knowledge. However, 

learners are constructing knowledge that is part of a social construction, so it may be 
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seen as the social construction of knowledge. The interest in society and context 

encourages students to assume a more active role in their learning, to explain their 

ideas to one another, to discuss disagreements and to cooperate in the solutions of 

complex problems, while teachers participate in the design of these contexts and 

facilitation of the activities (Duit and Treagust, 2003; Lubben, Campbell and Dlamini, 

1996; Palincsar, 1998).  The last one is a diversity of opportunities for students to 

represent their knowledge in a variety of assessment techniques. Assessment should 

be based on authentic learning assignments instead of separate test situations and 

should focus on the process of learning as much as on the final outcome.  

  

Another approach to pedagogy related to science education is Saunders' 

(1992) four step approach in science education: 1) hands-on investigative labs; 2) 

active cognitive involvement; 3) work in small groups; 4) higher level assessment. 

She commented that the teacher cannot convey knowledge through lectures. The 

student must construct it in their own mind. The teacher cannot modify the student’s 

cognitive structure, only student can. However, the teacher can assist students with 

cognitive restructuring by placing them in challenging situations.  

  

In constructivist thinking, context and the beliefs and attitudes of the 

learner learning are very important. Learners can improve their own abilities in 

transferring knowledge to identify, solve or evaluate the problems if they are given 

more chances to face the effective problem by themselves.  Nonodvorsky (1997) 

indicates that there are several different ways that students can construct knowledge.  

Students are able to actively hypothesize, check and possibly change their ideas when 

they interact with phenomena; or they are able to understand and interpret phenomena 

by cooperation with others. Another way is that students are able to make their own 

sense of viewing the world, or they are socialized into the practices of the scientific 

community.  Furthermore, the connections between existing knowledge and new 

phenomena could also be created by themselves.  He argued that students by fighting 

with physics and calculus concepts in a constructivist classroom will have deeper 

understanding of their courses. 
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In summary, constructivism focuses on how students learn. It suggests that 

knowledge comes from active engagement with student problems and environments, 

not from passively taking simple information to the students. That means construction 

of knowledge is also influenced by students’ existing knowledge, experiences, 

abilities, beliefs and attitudes. So the primary role of teaching is not attempt to 

transfer knowledge, but to create situations for students that can foster them to make 

the mental constructions. The challenge in teaching is to create learning experiences 

that engage the students and support the explanation, evaluation, communication, and 

application which are needed to make sense of these experiences.  

  

This research recognizes and considers the importance of discovering the 

students’ prior knowledge based on the constructivist view of learning that students 

come to the science classroom with their own experiences. Therefore they can make 

sense of scientific phenomena by modifying their existing knowledge and integrating 

the new information. It is very important that this research study, within the 

constructivist paradigm, will measure prior knowledge and understanding especially 

to diagnose existing misconceptions and the intervention is provided to mediate the 

learning of students with purposive activity. This research is interested in society and 

contexts which encourage students to assume a more active role in their learning by 

explanations, discussions and cooperation with others, while teachers participate in 

the design of these contexts and facilitation of the learning activities. However, the 

influence on thinking about education and educational research comes from two 

movements “constructivism” and “situated learning”. So next section explains 

situated cognition which can support the ideas of why student should learn science in 

a specific context. 

 

4. Situated cognition 

 

4.1 Defining of situated cognition 

 

Cognitive theorists that take into account the relationship between 

knowledge as it exists in the mind of the individual and the situation in which it is 
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acquired and used is called “situated cognition” (Brown, Collins, and Duguid, 1989; 

Greeno, 1997). It is organized around three themes in theories of cognition and 

learning: 

1) Cognition is situated in certain physical and social contexts, how a person 

learns a particular set of knowledge and skills and the situation in which he or she 

learns them, are the fundamental part of what is learned and how that person transfers 

that knowledge; 

2) Cognition is social in nature, in which interactions with other people are 

the major determinants of what is learned and how that learning takes place; many 

successful school programs have viewed learning as cooperative where groups, rather 

than individuals and products are important and where knowledge is distributed 

among all class members (Rogoff, 1991); and  

3) Cognition is distributed over the individual, other people, symbolic and 

physical environment. 

 

Anderson, Reder, and Simon (1996: 5) argued four positions that can be 

attributed to situated cognition theory: 1) Action is grounded in the concrete situation 

in which it occurs; 2) Knowledge does not transfer between tasks, transfer of learning 

from one situation to another is not consistently predictable and the ability to do so is 

a still the must be learned; 3) Training by abstraction is little use; and 4) Instruction 

must be done in complex social environments. They focus on transferring knowledge 

which can occur only when the individual has developed an abstract representational 

knowledge which can be applied to multiple situations. In contrast, from the situated 

perspective, participation in activity systems is an important key because the transfer 

of knowledge is possible when students are given the knowledge in one situation 

which can then occur in similar but unfamiliar situations in the school, the community 

or the workplace contexts (Greeno, 1997). 

  

Situated learning (e.g. Greeno, 1997; Kirshner and Whitson, 1997; 

Lemke, 1997) emphasizes the idea that much of what is learned is specific to the 

situation in which it is learned. Situated learning greatly emphasizes the relationship 

between what is learned in classroom and what is needed outside the classroom.  
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Situated cognition aims at letting the peers learn knowledge and skills in contexts 

where they are applicable (Brown, Collins, and Duguid, 1989; Lave and Wenger, 

1991). Some advantages of the situated cognition approach are: 1) By linking together 

specific contexts and the knowledge to be learned, peers learn conditions under which 

knowledge should be applied; 2) Situations foster creative thinking. Peers often learn 

how the knowledge has been applied in new situations; 3) Situatedness leads to the 

acquired knowledge being more practical in nature. In summary, "knowledge is 

situated, being in part a product of the activity, context, and culture in which it is 

developed and used (Brown, Collins, and Duguid, 1989: 32). 

   

According to this approach, collaboration is viewed as a process of 

building and maintaining a shared conception of a problem. Thus it ensures a natural 

learning environment. Situated cognition theory is different from the other theories in 

the sense that the environment in which learning takes place is given the focus rather 

than the environment-independent cognitive processes. The environment consists of 

not only physical context, but also social context. But the situated cognition approach 

places the focus squarely on the social context that is claimed to make the 

collaborations happen by not just the presence of the collaborators.  

 

It is interested in how learning science in schools might be 

contextualized or situated in meaningful settings to make what student learns in 

school, more accessible and useful in other contexts.  Due to this, the terms of 

cognition and situated cognition come to be the instructional grounded theories which 

encourage students to achieve aims of education. Brown, Collins, and Duguid (1989) 

proposed that the foundation of the situated cognition is conceptual learning which is 

“situated” in the activities with which students acquire knowledge of the conceptual 

taught. For using situated cognition to enhance student retention and transformation, 

students need opportunities to learn in the context of everyday life as much as 

possible (Gersten and Baker, 1998).  
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4.2 Implications of situated cognition 
  

Situated cognition implies that students should learn knowledge and 

skills in meaningful contexts. There are two models for transferring classroom into 

meaningful contexts or environments for learning. The first model is authentic 

instruction. According authentic activities are to be differentiated from school 

activities which do not share contextual features with related out-of-school tasks and 

which often fail to support transference to an out-of-school setting (Brown, Collins, 

and Duguid, 1989). Teachers must do the following: make the process visible to the 

student; situate abstract tasks in authentic contexts so that students understand the 

relevance of the work; vary the diversity of situations; and articulate the common 

aspects so that students can transfer what they learn. 

 

The second model is cognitive apprenticeship which is the model of 

instruction for enhancing student intellectual processes (Collins, Brown, and 

Newman, 1989) which emphasize cognitive rather than physical skills (Johnson, 

1992). It contains five components: 1) Modeling - involves an expert's carrying out of 

the task so that student can observe and build a conceptual model of the processes that 

are required to accomplish the task; 2)  Coaching - consists of observing students 

while they are carrying out a task and offering hints, feedback, modeling, reminders, 

etc; 3)  Articulation - includes any methods of getting students to articulate their 

knowledge, reasoning, or problem-solving processes;  4)  Reflection - enables 

students to compare their own problem-solving processes with those of an expert or 

another student;  5)  Exploration - involves pushing students into a mode of problem-

solving on their own interest. Forcing them to explore is critical; if they are to learn 

how to frame questions or problems that are interesting and which they can solve 

(Collins, Brown, and Newman, 1989, 481-482).   

  

Situated learning uses the same components as the cognitive 

apprenticeship to enhance students' cognitive abilities. On the process of the 

modeling, the instructor shows students that how to complete tasks or solve problems 

while verbalizing the activity. However, in contrast to typical school instruction, the 

activity is modeled within the context of real world situations. For example, if a 
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lesson deals with the concept of recycling, activities for students should be designed 

around real problems such as development of a community recycling program. As an 

introduction to this lesson, the instructors are expected to work through a similar 

problem with the class to model the thinking processes to be used. By modeling the 

desired intellectual processes, students will discover that there are many ways to solve 

problems, which experts make mistakes, and seemingly simple problems are very 

complex in the real world (Hill and Smith, 1998). 

 

Thus situated cognition serve to bridge the gap between school and 

work, school and community, and to enable to transfer the knowledge and skills 

through contextualized and situated learning that increases learner’s intrinsic 

motivation and facilitates meaning-making during the learning process. The 

multiplicity of intelligences among the diverse student populations must be taken into 

account in the learning environments. Situated learning makes it easy for students to 

use their multiple intelligences and ability to make meaning apart from what they are 

learning by teaching skill and content at the same time and having students work on 

the real tasks which offer contextualized practices. 

 

In conclusion, situated cognition explains learning and thinking are 

always situated, meaning that the context in which learning occurs and the activities 

through which it occurs not just content have a direct and significant influence on 

what is learned. Situated cognition implies that students should learn knowledge and 

skills in meaningful contexts, situated abstract tasks in authentic contexts, so that 

students can transfer what they learn to the diverse situations such as work, home and 

communities. In order to enhance student retention and transformation, students need 

opportunities to learn in the context of everyday life as much as possible. It is 

interested in why and how learning science in schools might be better contextualized 

or situated in meaningful settings to make what student learns in school, more 

accessible and useful in other contexts.   

 

 

5. Summary of learning theories of the research study 
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In the constructivist view of learning, new learning depends on prior 

knowledge and current understanding. It is also interpreted in the immediate context 

of current understanding and student experiences. The teacher cannot modify the 

student’s cognitive structure, only the student can. Each student can think in different 

ways because they construct their understanding base on their own prior experience. 

So when preparing new learning experiences, teachers have to be aware of student 

alternative conceptions and create classroom environments which encourage students 

to take responsibility for their own learning. 

 

In the situated cognition view of learning, knowing and doing are linked 

powerfully. Situated cognition learning theory believes that knowledge is situated. 

Student reasons are naturally based upon experiences within specific contexts and 

they use a variety of methods to solve specific problems. Students can develop their 

own abilities in applying and transferring their understanding by learning in 

situations. If the goal of a learner is to solve day-to-day life experiences, they must be 

engaged in such many opportunities to learn in multi-context, and then students can 

use generalizations to help transfer knowledge from one situation to another. Situated 

cognition gives meaning to learning and promotes transfer of knowledge to day-to-

day real life situations. It enriches the learning process by providing practical 

experiences of real situations. 

 

From both constructivist and situated cognition views of learning, statements 

of effective learning can be summarized as: 1) learning actively is an efficient and 

effective learning strategy for students; 2) students can learn when they have a chance 

to relate their experience with a learning activity; 3) students learn best through 

interaction with other students in cooperative work;  4) learning is enhanced when 

concepts are presented in the context that the students are familiar with; and 5) 

transfer of learning from one situation to another must be learned through multiple 

contexts. These statements can illustrate that it is not possible to separate student 

learning from the context in which knowledge occurs and where it is applicable. 

Students should learn knowledge and skills through meaningful contexts. Therefore, it 
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seems as if contexts are able to draw out the various science concepts as teaching and 

learning occurs. Constructivist and situated cognition theoretical views of learning 

bring forth the ideas of contextual approach which is discussed in next section.  

 

Teaching and Learning Science in Contextual Approach 

 

Over the last two decades many research studies have explored the effect of 

context and emphasised its importance in psychological and educational research 

(e.g. Holman and Pilling, 2004; Lubben, Campbell, and Dlamini, 1996; Song and 

Black, 1991). A contextual approach to teaching physics involves teaching through 

real life contexts by unifying the complexity of applying physics ideas to the 

everyday experiences of the physical world which aims to develop students’ 

application ability and is intended to encourage the student actively in the learning 

process. Learning science in the contextual approach also can succeed in increasing 

students’ interest and at the same time making the concept clear (Holman and Pilling, 

2004).  

 

Interestingly, many science learning courses using contextual approach are 

developed, for example, Supported Learning in Physics Project (SLIPP) (Whitelegg 

and Edwards, 2001), Victorian Certificate of Education Physics course (VCE) 

(Wilkinson, 1999) and The Salters’ Science Course (Berg, 1995). It seems teaching in 

contexts and learning in context is an interest and challenge issue in science education 

for a while (Beasley, 2001; Lye, Fry, and Hart, 2002; Whitelegg and Parry, 1999). 

However, there are many different views in using context in teaching and leaning 

science which will be discussed next section.  

  

1. Defining of contextual approach 
 

The idea of a contextual approach of the Australian Victorian Certificate of 

Education Physics course (Wilkinson, 1999) means teaching physics through a single 

real life context for a particular topic or area of study. However, the Office of 

Vocational and Adult Education encouraged teaching through multi-contexts and 

defined the term of Contextual Teaching and Learning (CTL) (Howey, 1999: 19):  
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Contextual teaching and learning is a conception of teaching and learning that 

helps teachers relate subject matter content to real world situations; and 

motivates students to make connections between knowledge and its 

applications to their lives as family members, citizens, and workers.  

 

Thus, CTL helps students to connect the content they are learning to the life 

contexts in which that content can be used. Students then find meaning in the learning 

process and draw upon their previous experiences and build upon existing knowledge 

and they are able to use the acquired knowledge and skills in applicable contexts.  
 

Lubben, Campbell, and Dlamini (1996) defined contextualization is linking 

science to student everyday life and experiences which focused on events common 

enough for all student to be able to relate to, such as  a car failing to start, lightning 

strikes and dispute over the quality of maize meal. Souders and Prescott (1999: 38) 

stated that “the contextual learning is based on the premise that learning is must 

effective when information is presented with in a framework that familiar to the 

student”. So teaching contextually involves using the context rather than content or 

concepts to drive the teaching (Whitelegg and Parry, 1999). Learning physics in real 

life contexts is not just about the learning of abstract concepts. It has to place in the 

in- and out-of-school lives of students and led students to understand the way things 

work in real life.  

 

Whitelegg and Edwards (2001) investigated the effects of learning physics 

using an everyday life approach and examined the transfer phenomenon physics 

concept across the different real-life contexts, e.g. Jazz and Pop Unit to study sound 

waves and Physics for Sport Unit to study forces and Newton’s law. They found that 

students felt that these approaches made the physics more understandable and 

interesting. Students were able to see how physics concepts relate to their interest 

outside. Similarly Finkelstein (2001) reported that students can build an 

understanding of content in a context and that context mediates student understanding 

of content as a contextual constructivist model of learning (see Figure 2.1). 
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Content 

Context   a group of related situation, phenomena, 
                applications, everyday sense 

Student 
      prior knowledge 
      affect / motivate 
      regulated learners 

           technological      

Figure 2.1  Contextual constructivist model of learning  

Source: Finkelstein (200: 3) 

 

From above a contextual approach is described in the many terms such as 

prior knowledge, motivates, regulated learners and meaningful learning which 

persuade that a contextual approach is rooted in a constructivist approach (Finkelstein, 

2001; Sears and Hersh, 2000). A contextual approach more recognizes that teaching 

and learning need to occur in multiple contexts and teaching needs to be anchored in 

the diverse life context of students.  

 

2. Meaning of context 

 

The term context has different meanings.  Depending on how the term is being 

used, context can mean the social and physical setting in which the learning takes 

places, e.g. learning in the context of a classroom, a laboratory, a computer lab or a 

worksite (CORD, 1999; Waco, 1999). Gunstone (1997) proposed that learning occurs 

with in the context of previous experiences and out-of-school activities that means 

context can be the prior learning that students bring to the lesson. He also refers 

context as an illustration or application of a pure science concept, for example, 

teaching about inertia and then following with a discussion of the need for seat belts. 

Similarly to, Whitelegg and Parry (1999) define context as a model used to provide 

more a concrete illustration of a concept, for example, Ball and Track Models as a 

context for learning about laws of motion.  

A group of related situations, phenomena, technological applications and 

social issues are used as context of learning such as Beasley (2001) portrayed in the 
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draft syllabuses for senior physical science students include Drugs, Medicine and 

People, The Air We Breathe, Household Electricity and Robotics and Human 

Movement. Cajas (1999) also suggest technological context is an important element 

that can help us to connect school science with students’ everyday lives. Another 

group of meaning of context is everyday familiar topic using for introduction of 

science concepts, e.g. learning about electricity by exploring how toasters work 

(Symington and Kirkwood, 1995; Wilkinson, 1999). A real life situation, real world, 

everyday sense and surrounding are the potential context that can help students to 

make sense of scientific phenomena through their prior knowledge. 

 

Therefore, meaning of context can prefer to the social and physical setting, 

the technological applications, and everyday familiar topic. All of these contexts help 

student to see the value of science in the ways of explanations, applications and 

finding out the solutions and making connection of science explanation with real life 

experiences which are described in more details next section. 

 

3. Aims of using contextual approach in teaching physics 

  

The literature shows that contextual learning approach supports the 

understanding of school science concepts and procedures are provided the motivation 

to engage in school learning (Lubben, Campbell, and Dlamini, 1996; Ramsder, 1997). 

The first aim of using contextual approach is to assist to make stronger link between 

physics and its everyday applications (Campbell and Lubben, 2000; Wilkinson, 

1999). Song and Black (1991) examined the effects of task contexts on students’ 

performances in science process skills. The results showed that students’ performance 

in interpretation skill in everyday contexts were better than in scientific contexts. It 

was argued the students’ interpretation skill may be used mainly their everyday life 

situations. 

 

The second aim is increasing students’ interests in studying physics (Lubben, 

Campbell, and Dlamini, 1996; Whitelegg and Edwards, 2001). Lubben, Campbell, 

and Dlamini (1996) conducted research with Swazi secondary students to 
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contextualized lessons on circuit electricity, air and respiratory. They found that 

contextualized lessons influenced students’ motivation and interest, their participation 

and their concept development. Similarly, Rennie and Parker (1996) investigated the 

effects of the present contexts in physics problems by comparing the performance of 

physics students on two sets of match problems. They found that students performed 

and understood better on the tasks with context because problems with context are 

generally perceived to be more interesting, provided the context is relevant and not 

contrived for students. 

 

The third aim is preparing students for the world in which they will live and 

work is making connection between content and real life experiences because they 

will understand how physics relate to their life (Granello, 2000). To succeed this aim, 

CORE (1999) is providing course using contextual approach to meet the needed in 

today’s education system are: 1) provide students with compelling reasons to remain 

in school; 2) use the discoveries to cognitive science to help them achieve enhance 

learning and 3) create learning environments that open their minds and enable them to 

become more thoughtful, participative members of society and the workforce. Lye, 

Fry, and Hart (2002) found that the teacher who taught in contextual teaching and 

learning approach could use contexts to good affect with her students, resulting in 

high levels of engagement and appreciation by them of the relevance of physics, as 

well as, in all probability, considerable depth of understanding.   

 

4. Contextual teaching and learning strategy 

 

In this section, several strategies in teaching and learning science in contexts 

will be described to show that how contexts can be presented effectively in the 

science classroom. One of teaching strategies for Contextual Teaching and Learning 

is suggested by U.S. Department of Education and the National School-to-Work. 

There needs to be an emphasis on problem-based materials (Pierce and Jones, 2002).  

The need for teaching and learning to occur in a variety of contexts such as home, 

communities, museums, historical societies, libraries, industries and other work sites 

and activities should be recognized and this will encourage students to apply concepts 
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to possible careers and work places (Waco, 1999).  By anchoring teaching in students’ 

diverse life-contexts; new concepts are presented in real-life situations that are 

familiar to the students and in the context of what the student already knows (Howey, 

1999).  Students can be taught to monitor and direct their own learning so they 

become self-regulated learners (Paris and Winograd, 2002). They should be 

encouraged to learn from each other and together participate regularly in cooperative 

learning groups (Waco, 1999).  Authentic assessment must be used (Hammond and 

Snyder, 2001).  

 

Lubben, Campbell, and Dlamini (1996) suggested that each lesson should 

start with an everyday application of the science concept to be focused on. Students 

are invited to explain in the familiar situations but at this stage their speculations are 

not judged on their scientific validity, after study of the relevant science concepts (the 

theory) the students are referred back to the initial example and again asked to explain 

it but, this time, by applying the conceptual understanding they have gained. In order 

to increase motivation, the materials are highly interactive. Discussion, either with in 

whole class situation or in small groups with or without teachers, involvement, is 

prominent. In addition, a wide range of activities is used to encourage students’ active 

engagement (e.g. role play exercise, story, experimental design, creative writing, and 

practical investigating) and all of activities are drawing on student choices. 

 

Bloomfield, Dahl, and Pasch (1996: 33) developed an instructional 

framework for real world contexts, problem-based studies that can be used in a 

variety of settings which is based on the following structure guidelines: 1) 

Background knowledge - students should start by using the vocabulary that relates to 

the chosen problem and learning the scientific concepts underlying the problem; 2) 

Problem exposition – the problem should be the current social interest that can be 

collected and analyzed, and be presented data in a realistic problem; 3) Data 

collection – students; should have the opportunity to observe how scientists collect 

appropriated and to collect data themselves; 4) Data analysis – students should be 

guided directly by professional mentors in analyzing data relevant to the problem; 6) 

Data Synthesis – students should work in teams under the guidance of a professional 
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mentor to develop solutions; 7) Solution presentation – students should prepare a 

presentation explaining their solutions based on their scientific finding; and 8) Career 

information – students should learn about career opportunities. This framework has 

the steps the same as the steps in scientific process. 

 

Souders and Prescott (1999) presented a contextual learning approach which 

provided several means of presenting a concept. It illustrates a variety of activities 

teacher can use to contextually present across a spectrum of learning styles. For 

example, hands-on learning, may involve using tools and devise, handing or 

quantifying the properties of material, observing physical events, or assembling or 

repairing equipment; project- based learning, require several steps and some duration 

and cooperative group learning; context connections, connection between an 

academics concept or skill and the context in which it is embedded and used can be 

made variety of ways; and applications. 

 

Crawford (2001) concluded contextual teaching and learning strategies that 

are strategies focus on teaching and learning in context. Instruction based on 

contextual teaching strategies should be structured to encourage five essential forms 

of learning: relating, experiencing, applying, cooperating and transferring.  Teachers 

use relating when they link new concepts to familiar ideas. Teacher attempts to place 

learning in the context of life experiences must call the student’s attention to everyday 

sights, events, and conditions.  The strategy of experiencing involves learning by 

doing through exploration, discovery and invention. If student does not relevant 

experience or prior knowledge, teacher can help them construct relevant knowledge 

with hands-on activity. Applying is the importantly strategy in putting concepts to use 

in real life activities. It help student to see the value of learning. Moreover, the 

teachers have to encourage students to develop these cooperative skills while they are 

still in the classroom. Remarkably, cooperating or communicating with other learners 

is a primary instructional strategy in contextual teaching. The last strategy is 

transferring which means learning in the context of existing knowledge, or 

transferring, uses and builds upon what the student already knows.  
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Beasley (2001) showed the steps in the learning sequence flowchart (see 

Figure 2.2) for a context concept design commencing with the context being revealed 

through to the finalization of learning as evidence in student presentations and 

reports.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.  Entry Point to the Context: 
Gaining Student Commitment 

2.  Elaborating the Context:  
Concept map 

3. Framing the Problems and 
Hypotheses within the 
Context 

4. Knowledge Inventory  
(Know/need to know) 

7. Teachable Moments: 
Lessons, Demonstrations 

& Short Experimental 
Investigation 

6. Research Information: 
Individual or Groups 

5. Investigation: 
Experimental &  
Non-experimental 

9.  Exit from the Context: 
Reflection and Debriefing 

8.  Finalisation of the Learning: 
Students prepare Presentations 
and Reports 

Figure 2.2  Context-based learning sequence flowchart  

Source: Beasley (2001: 9) 

 

 Changing from a traditional to a contextual approach, teachers need new 

strategies, new skills and new roles. They have to learn how to ask different 

questions. Because contextual teaching should emphasize problem-solving, the 

context of a question is very important. With a contextual approach, the teacher’s role 

is to guide, discuss, create an environment, question, listen and clarify. A student’s 
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role is to explore, investigate, discuss, represent and conduct. Both teachers and 

students have to learn together (Borko and Putnam, 2002, Granell, 2000). The 

teachers and educators are encouraged to choose and/or design learning environments 

that incorporate as many forms of experiences as possible (Waco, 1999). There are 

different teaching strategies are used in a contextual approach.  However, by 

comparison, the contextual teaching approach of several research studies, the 

common idea of every teaching strategy is that the contexts are used for drawing out 

the various science concepts as teaching and learning occurs. A variety of settings or 

contexts; familiar situation, everyday situation or applications of scientific concepts, 

are presented through the problem-based studies.  Students take their role as a part of 

team to study the context of a problem by linking or modifying their own experiences 

with new concepts in that context. So a contextual approach is more than just 

teaching from students’ diverse life-contexts but also deals with problem-solving and 

cooperative learning. 

 

5. Preparing contexts for contextual teaching 
 

The design and the teaching of a contextual approach unit should be guided 

by the findings of science education researcher or science teacher which based on 

investigation into the development of students’ understanding and applications 

(Stinner, 1995; Coleman and Griffith, 1993). Whitelegg and Edwards (2001) 

investigated the effects of learning physics using an everyday life approach and 

examining the transfer phenomenon by looking at how effectively student are able to 

transfer their learning of physics concepts across the differing real-life contexts. To 

design contextual setting should be based on student’s experience and student’s age 

and student’s gender (Berg, 1995; Stinner, 1995). Jones (1987) found that students, 

particularly girls, preferred to learn about the medical applications, while the boys 

were interested in modern technological devices. In contrast to the findings from the 

Western research studies, in Thai context, there were no differences between girls’ 

and boys’ achievement and scientific skills in learning science (Khaynill, 2003).  

Selecting a context in teaching through contextual teaching and learning 

approach is not only based on motivating the students’ interest but also the need to 

help students generate more links between school physics and the students’ world. In 
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1990, Jones and Kirk explored a teaching package by introducing technological 

applications into the physics classroom in order to enhance students’ learning. They 

suggested that desirable features in the context of technological applications should 

include the relevance to everyday life, the students’ interests and existing knowledge, 

and a range of applications based on the same physical principles or concepts. The 

contexts must be chosen before the contents and the same physics concept may be 

taught in more than one unit and use multi-contexts. 

 

Stinner (1995) proposed the guidelines for designing contextual settings, 

science stories and large context problems. The contexts should be suit with science 

content and capture with student imagination. Ensure that the major ideas, concepts 

and problems of the topic are generated by the context naturally and problem 

situations come out of the context and are intrinsically interesting. Students should be 

provide with experiences that can be related to their everyday world and explain them 

by using simple and effective scientific words at a level that makes sense to the 

student. The contexts or a story lines should be highlight the main idea and identify an 

important or conflicting event. Importantly, the contexts should be mapped out and 

designed in cooperative with students.  

 

In the terms of relation, learning units focus on events common enough for 

pupils to be able to relate to (e.g. Lubben, Campbell, and Dlamini, 1996). Holman 

and Pilling (2004) also found that as unfamiliar context are more challenging that 

those where the context is familiar and the skill of using principle in unfamiliar 

context is a valuable when it related more closely to situation which students will 

meet in real life. Rioseco, Romero, and Pedersen (1998) separated physics context to 

be five different context physics in society, physics in daily life, physics as a tool for 

personal growth, physics as science and physics in the work world (see Figure 2.3).  
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Physics as 
a tool for 
personal 
growth 

Physic in 
the work 

world 

Physics 
in 

society 

Physics 
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Physics 
in daily 

life 

 
Physics 
Context 

 
Figure 2.3  Physics context flowchart  

Source: Rioseco, Romero, and Pedersen (1998) 

 

To design contextual settings base on student’s experience and students’ interest, 

context should be chosen, determined, and generated by the student, but guided by the 

teacher such as energy in home heating and cooling, maintenance of body temperature 

and cooking with microwaves.  

 

6. Summary of a contextual approach for the research study 

 

A contextual approach involves teaching science through real life contexts by 

linkage applying physics ideas to the everyday experiences of the physical world. The 

features of this approach are 1) students motivations to learn, 2) making the concept 

clear, 3) helping students to see the value of learning physics, 4) making sense for 

students. View of learning through context is not only the learning of abstract; 

students are able to see how physics concepts relate to their interest outside.   

 

One possible model for dealing with student difficulties in linking what they 

learnt in the classroom to real life is using real life examples as much as possible. The 
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teacher should start with a realistic example or situation and turn this into a physical 

model leading to physical solutions, which are then reinterpreted as a realistic 

solution. The teacher should set contexts as close as possible to the real world, and 

new science concept should be explained using a variety of contexts; everyday 

contexts, natural phenomenal contexts, environmental contexts, including 

technological contexts, through the use of materials. In this way the student can learn 

to think of the use science concepts apart from its physics formulas. This strategy 

would certainly be useful in linking science and real world knowledge and 

application. 

 

Teaching and Learning about Heat and Thermodynamics 

 

This section aims to show scientific conceptions and expected outcomes of 

IPST of heat and thermodynamics. Form the ideas that this research study is guided 

by constructivist approach to teaching and learning, student prior knowledge and 

student alternative conceptions seem to be important factors in designing learning 

units for development of student understanding.   

 

Interestingly, the studies conducted with middle school students, adults and 

experts (Leura, Otto, and Zewitz, 2005; Linn and Songer, 1991; Lewis and Linn, 

1994), showed that many people held misconceptions related to heat and temperature 

similar to the secondary school students. Thomaz et al. (1995) suggested that 

misunderstanding about heat and temperature remained with many secondary and 

even university students. Harrison, Grayson, and Treagust (1999) found that students 

visualized heat and temperature as similar entities, and even though they believed that 

heat could be transferred from one object to another, they lacked understanding to 

explain heat transfer processes.  
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1. Scientific conceptions of heat and thermodynamics   

 
From the science curriculum of IPST (2001), heat and thermodynamics is 

included in the honors course for science students in the eleventh grade. The concepts 

of heat and temperature for high school students (IPST, 2001) are listed below.  

- Heat is the thermal energy transferred from one object to another due to 

differences in temperature. Convection, conduction, or radiation transfers heat and 

heat energy is measured in joules. 

- Temperature is a measurement to identify how hot or cold an object is. It is 

the level of heat and can be measured with a thermometer.  

- The specific heat capacity is the heat required to raise the temperature of a 

unit of mass of a substance by unit change in temperature. 

- The specific latent heat of a substance is the quantity of heat energy 

required to change the state of a unit of substance.  

- The specific latent heat of fusion is the quantity of heat energy released 

when 1 kg of a substance solidifies without changing its temperature. 

- The specific latent heat of vaporization is the quantity of heat energy 

needed to vaporize 1 kg of a liquid substance without changing its temperature.   

 

A transfer of heat energy occurs when substances have different temperatures 

that are allowed to mix. In any transformation of energy, the total amount of energy 

remains constant. This is called the law of thermodynamics or law of conservation of 

energy. The Zeroth Law of Thermodynamics deals with two systems, in thermal 

equilibrium with a third, is in thermal equilibrium with each other. The concept of 

thermal equilibrium is key concept for the study of heat and temperature because it is 

a mental construct, the understanding of which is a basic prerequisite for many other 

concepts of thermodynamics (Thomaz et al., 1995). Understanding of thermal 

equilibrium, the process by which two objects initially at different temperatures come 

to a common final temperature, is, therefore, very rudimentary. The First Law of 

Thermodynamics states that “The quantity of heat transferred to a system is equal to 

work done by the system plus the change in the internal energy of the system. The lost 

heat by the hot object is equal to the heat gained by the cold object, but the 

temperature change of the hot object is usually not the same as the temperature 
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change in the cold object” (McDermott, 1996; Loverude, Kautz, and Heron, 2002). 

High school students have to learn a little bit about the Second Law of 

Thermodynamics. It stated that “the natural direction of heat flow is from a hot object 

to a colder one. Irreversibility of temperature equalization; temperature equalization 

(heat conduction) process may be spontaneously reversed” (Kesidou and Duit, 1993). 

All real processes take place by themselves in one direction only. Heat travels by 

itself only from a warmer to a colder body. While the process of changing work into 

heat can take place at a given temperature, it can be reversed to get the work back 

again.  

 

Thai high school students have to learn heat and thermodynamics concepts 

which show in Figure 2.4.  
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Figure 2.4  Concept map illustrating heat and thermodynamics 

Source: Harrison, Grayson, and Treagust (1999: 77) 

 



 40

From the expected outcomes of IPST (2001),  in this topic students should be 

able to make the connection between calories and joules and more importantly, 

between work and heat, to determine the latent heat of fusion of a substance, 

understand heats of vaporization and determine specific of unknown substances 

through calorimetric experiment. Student understanding of the basic laws of 

thermodynamics should be developed, along with the understanding of internal 

energy of system such as in heat engines.  

 

2. Students’ learning in heat and thermodynamics 

 

  The fundamental student’s alternative conception in learning thermal physics 

is about heat and temperature (Albert, 1978; Harrison, Grayson, and Treagust, 1999; 

Tiberghien, 1985; Wiser, 1995). One of the most difficult problems encountered by 

students is that of differentiating between the concepts of heat and temperature 

(Erickson, 1979; Linn and Songer, 1991).  Similar to other researches, conducted with 

the middle school students, Wiser and Carey (1983) found that the terms “heat” and 

“temperature” are commonly regarded by students are the same concept. Many 

students confuse the concepts of heat, temperature and internal energy. The literatures 

have showed the following students’ explanations in the terms of heat and 

temperature (Integrated Physics and Chemistry Modeling Workshop; 2001): 

- Heat is in the object or a substance residing in a body; 

- Heat is a sensation;  

- Heat is a high temperature; 

- Heat is the heat resources; 

- Temperature is a variable that can be measured and /or quantified whereas heat 

cannot; 

- A temperature is an instrument to measure the heat and cold of an object and its 

surroundings. Heat is a substance something like air or steam. 

- All objects contain a mixture of heat and cold. 

- Temperature is something that can be transferred;  

- The objects that have higher temperature will have more heat energy; 

- A cold object, such as ice, has no heat energy; 
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- Heat energy depends on the specific heat capacity of objects only; 

- Two objects that have different sizes (both are the same material at the same 

temperature) have the same heat energy because both of them are in the same state; 

- If two objects are put on the fire at the same time, they will have the same amount 

of heat energy.  

 

Some students are able to make the correct statement, heat and temperature 

are different.  However, they often admit to being unclear about their ideas. For 

example, temperature is a measure of the mixture of heat and cold inside an object 

(Erickson, 1979) and temperature as a variable that can be measured and/or quantified 

whereas heat can not. Even high school students have huge difficulty with energy 

concepts and the difference between heat and thermodynamics (Kesidou and Duit, 

1993). Harrison, Grayson and Treagust (1999) investigates a grade eleven student’s 

evolving conception of heat and temperature and indicated that student have difficulty 

differentiating concepts such as heat and temperature and that their naïve conceptions 

are robust and resist change. These studies showed that alternative student 

conceptions need to be revised in a variety of contexts before student conceptual 

framework are adequate rely restructured. 

 

The difficulties in learning thermodynamics is that the student frequently fails 

to take all parts of the interacting thermal system into correct explanation about heat 

flow and they may ignore the surroundings important (Erickson, 1986). Some 

researchers claim that students lack the understanding to explain heat transfer 

processes. The transfer of energy is often recognized to an inherent motive force 

possessed by heat itself e.g. “heat rises;” or to the properties of an agent such as air 

which transfers heat from one location to another in students point of view (Erickson, 

1986). They mention processes other than conduction (e.g., absorption, reflection, or 

attraction) for describing heat transfer (Lubben, Netshisaulu, and Campbell, 1998). 

Many students do not understand the intensive nature of temperature. Additionally, 

they can not predict the final temperature when two samples of water at different 

temperatures are mixed. 
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Many students have confused about insulator and conductor. For example, 

metal holds heat well than wood does (very common misconceptions) (Newell and 

Ross, 1996)  or a cup of coffee and the room around it have the same heat level 

(Driver, 1989); particular materials are good for keeping hot objects hot and cold 

object cold (Lubben, Netshisaulu, and Campbell, 1998). Even though students can 

make good predictions in terms of Styrofoam being a better insulator than glass but 

they choose a material to keep a soda cold they choose aluminium foil over Styrofoam 

(Lewis and Linn, 1994). Other researchers have shown heat capacity and specifics 

heat are often poorly differentiated in student’s mind (Harrison, Grayson, and 

Treagust, 1999; van Roon, van Sprange, and Verdonk, 1994).  

 

Thermal equilibrium is a difficult concept for students because of their 

personal experience (Clark and Jorde, 2004). For example, a metal spoon in the 

refrigerator will be felt colder than a wooden bowl even though after several hours in 

the refrigerator they are the same temperature. Students do not always consider that 

objects in the same surroundings have the same temperature (Thomaz et al., 1995), 

this confusion is reinforced by the contrast between the cold sensation generated by 

touching a good conductor such as metal e.g. a pan, and the warm sensation of 

touching an insulator such as the pan’s wooden or plastic handle (Tiberghien, 1985). 

Driver (1989) found that student intuitive conceptions were grounded in everyday 

experience. It seem to be especially resistant to change student understanding such as 

metal hold heat better than wood does (very common misconceptions) or a cup of 

coffee and the room around it have the same heat level. Even most grade 11 students 

think that two objects sitting in the same environment for a long period of time don’t 

necessarily reach the same temperature and temperature is a property of the material 

from which a body is made (Harrison, Grayson, and Treagust, 1999). 

 

Work and heat relationship as formulated by the law of thermodynamics are 

difficult concept in science education (Room, Sprang, and Verdork, 1994). Kesidou 

and Duit, (1993) found that students, between the ages of 12 and 16, did not 

understand the second law of thermodynamics. They did not think that temperature 

equalization (heat conduction) process might be spontaneously reversed i.e. they did 
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not think that temperature differences might occur by themselves. Students did not 

think that all real processes took place by themselves in one direction only. This is in 

contrast to the scientific concept that heat travels by itself only from a warmer to a 

colder body. While the process of changing work into heat can take place at a given 

temperature, one can reverse it to get the work back again. Students did not usually 

view heat as a form of energy in the way the physicists did, and several students’ 

response indicated that they also used energy as an intensive quantity.  

 

From the literature review, most researches about heat and thermodynamics 

have been conducted with the middle school students (Erickson, 1979; Linn and 

Songer, 1991; Kesidou and Duit, 1993; Wiser and Carey, 1983). However, Lewis and 

Linn’s (1994) have done research which claims that both the middle school students 

and experts have the same alternative conceptions of heat and thermodynamics. 

Experts also have difficulty explaining everyday phenomena, even though they can 

make the predictions accurately.   

 

3. Teaching heat and thermodynamics 

 

In the literature, heat and thermodynamics instruction that has been studied 

extensively e.g.  Erickson (1979), Jones, Carter, and Rua (2000), Kesidou and Duit 

(1993), Lewis and Linn (1994), Linn and Songer (1991), Wiser and Carey (1983).  

Teaching strategies in heat and thermodynamics were developed based on different 

theoretical frameworks such as conceptual change, and Piagetian cognitive 

development.  

 

Conceptual change model is one of teaching strategy in heat and temperature 

(Dykstra, Boyle, and Monarch, 1992; Pintrich, Marx and Boyle, 1993; Thomaz et al., 

1995; Harrison, Grayson, and Treagust, 1999; Linn and Songer, 1991). Kolari and 

Ranne (2000) used the conceptual change model to teach the concept of heat and 

temperature to middle school students. Connor et al. (1998) showed sample materials 

which were intended to be used as examples of contextual teaching and learning in 

practice. This team selected topics and identified learning activities that followed the 
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contextual approach of school-based, work-based and connecting activities. Jones, 

Carter, and Rua (2000) conducted a study of fifth grade students’ development of 

convection and heat concepts during a series of standard laboratory investigations. 

They found that familiarity and cultural (such as airplanes, weather patterns and 

religious beliefs) factors have an influence on conceptual development. They 

described students’ conceptual ecologies related to convection and heat through the 

construction of a concept map. 

 

There are research studies about Piagetian views of heat concepts, proposing 

maps of heat concept through which children develop chronologically. Familiarity 

and cultural experience appear to influence students’ development of conceptual 

understanding (Jones, Carter, and Rua, 2000). On some views of the history of 

science, Wise (1995) and Wiser and Carey (1983) claim that students can develop 

understanding about heating concepts and patterns of incorporating heating concepts 

parallels with historical development of scientific concepts. Clark and Jorde (2004) 

study exploring the relationship between students’ experientially supported ideas and 

students’ formation of a normative understanding of thermodynamics. Linn and 

Songer (1991) chose an everyday context based on findings that demonstrate that 

visualizations can be conceptually enhanced to promote knowledge integration by 

directly connecting concrete familiar objects with abstract science models and 

concepts. 

 

Computer visualization is one of the effective interventions for teaching heat 

and thermodynamics (Clark and Jorde, 2004; Hatzikraniotis, 2003; Linn and Songer, 

1991; Wiser, 1995). Wiser (1995) have a study based on computer-based models 

among eleventh grade honors students. They found that students could understand 

deeply about the extensivity of heat, the concept of amount of heat and thermal 

equilibrium and they were able to make predictions about new situations. 

Hatzikraniotis (2003) presented the software which consists of visual laboratories and 

a series of relevant multimedia themes on technology and everyday life for teaching 

heat and thermodynamics in secondary school. Clark and Jorde (2004) studied the 

impact of an integrated sensory model on eighth grade students within thermal 
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equilibrium visualization. This was an effective model in developing students’ ability 

to explain why objects feel the way they do, as well as making predictions correctly 

about the temperatures of objects in different surroundings. Similarly, Linn and 

Songer (1991) studied computer-mediated focuses on thermal equilibrium 

visualization based on inquiry activities. The middle school students used the 

computer as they designed experiments, predicted outcomes, collected data in real 

time, designed visualization, displayed results and recorded observations and analysis. 

 

Some researchers (Albert, 1978; Shayer and Wylam, 1981) studied how 

students develop their concept of heat and temperature and suggested the adaptation 

for the intervention based on the patterns of student thinking. Erickson (1979) 

suggested that in order to point out the differences between heat and temperature 

concrete examples should be used.  Teaching about heat and temperature may start by 

encouraging the students to become familiar with several heat phenomena and by 

developing a set of intuitive ideas or belief about heat in the students. He suggested 

possible teaching maneuvers in four steps; 1) Experiential Maneuvers, 2) Clarification 

Maneuvers, 3) Anomaly Maneuvers, and 4) Restructuring Maneuvers. Lewis and 

Linn (1994) found that students’ explanations for similar phenomena were 

inconsistent because their knowledge lacked integration. Based on this 

information/finding teachers should encourage students in knowledge integration and 

development of an alternate explanation underlying the understanding of students’ 

intuitive conceptions. They include the everyday phenomena and naturally occurring 

situations that were amenable to student investigation through computer simulation. 

 

4. Heat and thermodynamics in context 

 

There are some projects that attempt to develop student understanding and to 

increase student interest in learning heat and thermodynamics using a contextual 

approach. For example, Introductory University Physics Project (IUPP) develops 

models course named ‘Physics in Context’. The features of this project are context 

ideas, initial calculations, contextual labs and contextual problems. Thermal physics, 

which is a topic in this project, use a global warming context. They found that the 
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context works well because students have heard about it and it shows science works 

with in a social setting (Coleman and Griffith, 1993). 

 

In 1996, Victorian Certificate of Education physics course (VCE), at a 

meeting of the Victoria University of Wellington of Education Mathematics/Science 

Colloquium (1996; cited in, Hipkins and Arcus, 1997), concluded the model for 

developing the learning units using contextual learning approach developed that show 

in the table 2.1. 

 

Table 2.1  Stages of possibilities of teaching science in context 

 

Process for clarifying concepts from context Examples using the process 

Stage 1  Start with a topic -  Tramping  

Stage 2  Identify and simplify concepts -  Hypothermia 

Stage 3  Separate concepts from the context -  Heat loss/body shape 

Stage 4  Find new way to apply concepts -  Heat loss from different shaped 
containers 

Stage 5  Identify concept in a completely new context -  Surface area: Volume ratio 

 

In this case, they used contexts in different meanings which start from real life 

situation, topic, application, model and concept/relation/theory. It seems like level of 

complexity of contexts change from complex reality to be abstract. However, most of 

contexts should be the concrete contexts. So techniques such as students watching 

television, read the newspaper and build models house are used to illustrate physics 

concepts related to thermodynamics and helped student see the relevance of physics to 

their everyday lives (Rioseco, Romero, and Pederson, 1998). 

 

The Project of Physical Sciences Centre has produced course for the teaching 

of the first law of thermodynamics using contextualised approach to first students 

which consisted of lecture handout, tutorial problems, workshop problems, 

computerised question bank and examination questions (Holman and Pilling, 2004). 

Until Science Curriculum of Denver Public Schools (2001) had afforded to connect 

between academic classrooms and communities in the framework of the integration of 
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school-to-career methodologies and contextual learning approach. They emphasized 

teaching heat and thermodynamic in context of green house effect and weather 

atmosphere. Center for Occupational Research and Development (CORD) (1999) 

believed that science concepts are internalized the process of discovering, reinforcing 

and relating. For example, a physics class studying thermal conductivity might 

measure how the quality and amount of building insulation material affect the amount 

to energy require keeping the building heated or cooled.  

 

In summary, contextual approach proved to be successful, students 

understanding of physics concept is better. Students are showing more interest in 

physics when solving real problems rather than being provided with theory and 

formulas. Students reported that they feel more comfortable working with physics this 

way. 

 

Theoretical Framework of This Research Study 

 

In constructivist view of learning, student existing knowledge is the most 

important feature. This view argues that students naturally construct new knowledge 

and understandings based on experiences they already have and believe (Yager, 

1991). It assumes that student making sense of the natural phenomena is rooted in a 

cultural and the environmental context.  For constructing knowledge, students need to 

interact with cultural and social environment and to learn by doing. So the most 

important things for teachers to do to encourage student construction of knowledge 

are to provide a good atmosphere in the science classroom (social), prepare learning 

activities/experiences that match with student interest and experience, and ensure that 

students are happy to learn.   

Situated cognition view of learning brings forth the ideas of contextual 

approach to content. It reconsiders the relationship between the knowledge that exists 

in the mind of the individual and the situation where it is acquired and used (Brown, 

Collins and Duguid, 1989; Greeno, 1997; Kirshner and Whitson, 1997; Lemke, 1997). 

This theory explains how a student transfers the knowledge. Transferring knowledge 

can occur only when the individual has developed an abstract representational 
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knowledge which can be applied to multiple situations (Greeno, 1997). Situated 

cognition implies that students can develop knowledge and skills in meaningful 

contexts, situated abstract tasks in authentic contexts, so that students can transfer 

what they learn to the diverse situations such as work, home and communities.  

Working from constructivist views of learning and situated cognition 

theoretical base, it is not possible to separate student learning from context in which it 

occurs (Finkelstein, 2001). Students build an understanding of content in context and 

that context mediates student understanding of content. They should learn knowledge 

and skills through meaningful contexts. Therefore, it seems as if contexts are be able 

to draw out the various science concepts along the way as teaching and leaning 

occurs. This is consistent with the ideas of contextual approach. 

 

Importantly, this approach has to be based on motivating student learning in 

context and has to be consistent with students’ interests, the need to help students 

generate more links between school physics and the students’ world and developing 

student application ability by using several contexts. 

 

  As has been discussed, this research aims to develop student understanding 

and their applicable abilities of heat and thermodynamics concepts. To succeed in 

those aims, students have to be provided opportunities to learn and apply/transfer their 

understanding in different contexts which is a contextual approach to content. 

Constructivist approach is used as framework for understanding how students learn, 

and developing models of effective teaching. 

 

 Learning theory, constructivism and situated cognition, and the idea of a 

contextual approach were used as guiding principles for the development of student 

understanding and applications. These principles are discussed below. 

 

1) Alternative student conceptions have to be recognized and accompanied by 

pedagogies that attempt to redress the mismatch between students’ science and 

scientists’ science, based on the constructivist views of learning. 
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2) To adopt a constructivist approach, learning should build on what students 

already know. 

3) Setting contexts has to be based on student experience and student 

interests. 

4) In a contextual approach, real life contexts should be introduced to the 

students before the core physics content. 

5) Teachers should motivate students to relate subject matter content to real 

world situations and then make connections between knowledge and its applications 

to their lives. 

6) Students need as many opportunities as possible to learn in the context of 

real life. 

7) Learning physics in a real life context is not about the learning of abstract 

concepts but also its place in the in- and out-of-school lives of students. This helps 

student understand the way things work in real life (concrete things). 

8) Teachers should provide meaningful learning experiences and allow 

students to apply what they have learned beyond the classroom.  

9) Situated learning within authentic tasks - learning can occur by involving 

learners in completion of authentic tasks which are anchored within a context 

meaningful to them. 

10) Teachers must do the following: make the process visible to the student 

and provide and discuss the common aspects found in the diversity of situations; so 

that students can transfer what they learn. 

11) Students should be encouraged to learn from each other and 

together participate   regularly in cooperative learning groups.  

 

 These guiding principles are developed to be the guidelines of learning 

intervention which are described in the Chapter V. 

 

 

 



CHAPTER III 
 

METHODOLOGY 
 

Introduction 
 

This chapter sets out the research methodology used to answer the research 

questions. The research methodology concerning this study is described in an 

overview of the methodology and methods in educational research. All research 

instruments used in this study are described in details of construction of three 

questionnaires and two interview schedules. Processes of data collection and data 

analysis of this research are described which are divided into three phases: 1) 

Exploratory Phase, 2) Intervention Design and Development Phase and 3) 

Intervention Implementation and Evaluation Phase. The end of the chapter discusses 

strategies to enhance the trustworthiness of the research results and follows the 

summary of the chapter. 

 

Research Methodology 

  

 Research methodology is a theoretical framework helping the researcher to 

make decisions of perspective of conducting research on participants, fieldwork, data 

collection, and data analysis (Freebody, 2003; Patton, 1990). Kaplan (1973: 45, cited 

in Cohen, Manion, and Morrison, 2000) states that “the aim of methodology is to help 

us to understand, in the broadest possible terms by the process itself”. Merriam (1998) 

suggested that choosing an appropriate research methodology requires the 

understanding of philosophical foundations which underlie research paradigms. The 

same program, organization, or community, studied by researchers from different 

perspectives or paradigms, would lead to quite different studies even though they 

might all undertake the same research methods, observations, interviews, and 

document analysis (Patton, 1990; Merriam, 1998). In doing research, it is important to 

know about the methodological paradigms debate in order to choose an appropriate 

research methodology. 
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A paradigm is defined as a basic set of beliefs that guide action and present a 

refinement of what we think about the world (Guba, 1990). The paradigm has three 

elements or fundamental questions: 1) Epistemology - how we know the world, 2) 

Ontology - how things really are, and 3) Methodology - how we gain knowledge 

about the world (Lincoln and Guba, 1985). From these elements, there are different 

paradigms which are essentially concerned with understanding phenomena and 

society through different perspectives: positivist, interpretivist and critical paradigms. 

In the positivist paradigm, the aspect of ontology is a single concrete reality or 

phenomena “out there” which is able to fragment into independent variables and 

processes and can be studied independently of the others and can be predicted and 

controlled (Lincoln and Guba, 1985). Positivists believe that reality is stable and can 

be observed and described from an objective viewpoint without interfering with the 

phenomena being studied. They also believe that phenomena should be isolated and 

that observations should be repeatable. Research in this paradigm often involves 

manipulation of reality with variation in only a single independent variable (Merriam, 

1998). That means epistemology in positivism seems like an adoption of scientific 

inquiry. 

 

 This research paradigm shows more of a view of social reality as an external 

objective reality (Bryman, 2001). Cohen, Manion, and Morrison (2000) also identified 

that the research methodology in positivism strives for objectivity, measurability, 

predictability, controllability, patterning, and the construction of the laws and rules of 

behavior. The word refers to techniques associated with the positivistic model 

eliciting responses to predetermined questions, recording measurements, describing 

phenomena and performing experiments. 

 

 In contrast to positivism, the interpretivist paradigm strives to understand and 

interpret the world in the terms of its actors (Cohen, Manion, and Morrison, 2000). 

Interpretive research is fundamentally concerned with meaning and it seeks to 

understand social members' definition of a situation (Schwandt, 1998: 118). The 

aspect of ontology in interpretivism is described as “social properties [being] 

outcomes of the interactions between individuals, rather than phenomena “out there” 
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and separate from those involved in its construction” (Bryman, 2001: 264). The 

characteristics in interpretivitism refer to multiple, perspective, naturalistic and 

ethnographic study. In the naturalistic paradigm, there are multiple constructed 

realities that can be studied only holistically. Naturalists believe that the inquirer and 

the object of inquiry interact to influence one another; knower and known are 

inseparable (Lincoln and Guba, 1985).  

 

 Epistemological questions in interpretivist paradigms are described as the 

understanding of people’s behavior and thinking by attempting to interpret their 

actions and their social world from their point of view (Bryman, 2001). The 

interpretive researchers believe that to understand this world of meaning one must 

interpret it. The research must explicate the process of meaning construction and 

clarify what and how meanings are incorporated in the language and actions of social 

participants (Schwandt, 1998).  

 

 Interpretive researchers argue that only through the subjective interpretation 

and intervention in reality can that reality be fully understood. The study of 

phenomena in their natural environment is a key to the interpretive philosophy, 

together with acknowledgement that scientists cannot avoid affecting those 

phenomena they study in a positivist paradigm. They admit that there may be many 

interpretations of reality, but maintain that these interpretations are in themselves a 

part of the scientific knowledge they are pursuing (Merriam, 1998).  

 

 There are several keys for interpretive methodology such as natural setting, 

context bound, multiple perspectives, thick description and the researcher as a 

research tool. In the aspect of the naturalistic paradigm, a researcher does not attempt 

to manipulate the research setting but tries to understand naturally occurring 

phenomena in naturally occurring states (Patton, 1990). Interpretive methodology 

usually involves fieldwork which emphasizes the importance of getting close to the 

people and situations being studied in order to personally understand the realities in 

the social sense (Goetz and LeCompte, 1984). The researcher is the instrument of 

both data collection and data interpretation. Another aspect of interpretive 
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methodology is the understanding of the phenomena of interest from the participants’ 

perspective.  The product of a qualitative or interpretive research study is richly 

descriptive data. Words and pictures are used, rather than numbers. The holistic 

approach gathers data on multiple aspects of the setting under study in order to 

assemble a comprehensive and complete picture of the social dynamic of the 

particular situation (Patton, 1990). This means that, at the time of data collection, the 

event or setting under study is treated as a unique entity with its own particular 

meaning and related to the context within which it exists.  

 

 There are arguments about the appropriate methods of inquiry into educational 

issues that positivist paradigms are unable to deal adequately with issues surrounding 

the etic, emic views of research (Guba and Lincoln, 1998). The social world is not the 

natural world. There has been much argument that the positivist paradigm is not 

entirely suitable for social science because it takes apart a phenomenon to examine 

component parts which become the variables of the study (Merriam, 1998). Lincoln 

and Guba (1985) suggest about natural ontology that realities are wholes that cannot 

be understood in isolation from their contexts because of the belief that the very act of 

observation influences what is seen, and so the research interaction should take place 

with the entity-in-context for fullest understanding.  

 

 A natural setting, especially a classroom, is a complex and comprehensive 

world therefore criteria of positivism are not appropriate with this complexity (Kelly 

and Lesh, 2000). Science education research has shifted attention from strict 

traditional experimental methods to alternative methods for research. The 

interpretivist paradigm is oriented to the production of understanding and 

reconstruction of classroom phenomena (Guba and Lincoln, 1998). The criteria of 

positivist, internal and external validity, are replaced with the terms trustworthiness 

and authenticity.  

 

 As the aim of this research is to understand and describe student learning and 

interactions of teachers and students in the physics classroom, the most appropriate 

methodological stance to take is based on the interpretivist paradigm. This research 
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focuses on meaning in context rather that hypothesis testing which requires a data 

collection instrument sensitive to underlying meaning when gathering and interpreting 

data.  However, in order to match or fit between the research questions and research 

methods which should be as close as possible (Punch, 1998: 19), Guba (1987 cited in 

Merriam, 1998) suggests separating methods from a research paradigm so that any 

paradigm can use both quantitative and qualitative techniques in the combination 

whether the paradigm orientation is interpritivist or traditional. The detail of the 

combination of quantitative and qualitative techniques and the purposes in this 

research study is described in the section on research strategy. 

 

1. Combination of quantitative and qualitative techniques    

 

Within the interpretivist paradigm, both quantitative and qualitative research 

strategies can be used (Bryman, 2001). Quantitative technique focuses on 

measurement, counting, attempting to categorize and summarize using numbers and 

labels (Punch, 1998). It has integrated the practices and norms of the natural scientific 

model which is positivist paradigm. Quantitative research is typically associated with 

survey techniques likes structured interviewing and questionnaires, experiments, 

structures observation, content analysis, the analysis of official statistics. 

 

By contrast, qualitative research strategy in-depth understanding of a situation 

or group of people but does not attempt to quantify results (Gabrielian, 1998). 

Qualitative research is typically associated with participant observation, semi- and 

unstructured interviewing, focus group, the qualitative examination of texts, and 

various language-based techniques like conversation and discourse analysis (Cohen, 

Manion, and Morrison, 2000; Freebody, 2003; Merriam, 1998; Patton, 1990). 

 

Comparatively, the most important difference between qualitative and 

quantitative research strategy is the way of data collection and its analysis (Brannen, 

1992).  Quantitative research is to do with generalizability, the finding can be 

generalized to the population group through the statistical data from a large group of 

subjects (Bryman, 2001). However if the quantitative researchers are interested in 
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causal explanations it is also necessary to go beyond statistical data and require more 

qualitative data. In the same way qualitative research, which is not based upon 

statistical samples, lacks generalizability because the small group or cases are chosen 

to study. 

  

From the literature, many researchers used combining qualitative and 

quantitative research strategies in their research studies (e.g. Bird, 1992; Bullock, 

Little, and Millham, 1992; Jones, 1987; Qureshi, 1992). Combining of qualitative and 

quantitative strategies, sometimes call multi-methods, means use of diverse methods 

in tackling a research problem (Brannen, 1992). Bryman (1988) showed advantages 

of combining the quantitative and qualitative research: 1) the logic of triangulation, 

for example, the results of qualitative investigation might be checked against a 

quantitative study. Generally, the aim is to enhance the validity of findings; 2) the 

problem of generalization, the addition of some quantitative evidence may help to 

mitigate the fact that it is often possible to generalize in the statistic sense the finding 

deriving from qualitative research; 3) qualitative study may facilitate the 

interpretation of relationships between variables, the weak point of quantitative 

research is exploring the reasons for relationships among variables. A qualitative 

study can be used to help explain the factors underlying the broad relationships that 

are established; and 4) the relationship between macro and micro levels, quantitative 

study can often tap large-scale, while qualitative study tends to address small-scale. 

When the study seeks to explore both levels, integrating quantitative and qualitative 

study may be necessary. Bryman (1992) also suggested that when qualitative research 

is conducted with in a quasi-experimental (i.e. quantitative) research design. Multi-

method tends to be the appropriate research method for this research design. 

 

Bullock, Little, and Millham (1992) proposed four models of linking 

quantitative and qualitative approaches which have been used effectively in research. 

The first model is where the quantitative are illustrated by qualitative case studies. A 

second way of mixing quantitative and qualitative approaches is the use of qualitative 

results to explain the finding of quantitative research. The third relationship is to use 

qualitative evidence to produce hypotheses which can be tested quantitatively. 
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Finally, using qualitative studies to produce typologies which improve the 

understandings of factors explored through quantitative evidences.  

 

The attempt to generate the fundamental Thai student’s ideas of heat and 

thermodynamics concepts and the general patterns of the context that are considered 

to be interesting by Thai students, quantitative research strategies had been used for 

conducing research with a large group of students couple with in-depth study through 

the qualitative technique. So the methodology of this research study is a combination 

of qualitative and quantitative research strategies which emphasizes individually 

interviews, classroom observations and surveys. Surveys were constructed based on 

the qualitative data from interviews. Finding is triangulated by using different 

methods in relation to the same object of study. Thus in the case of participant 

observation in a classroom or interview students-teachers were combined with a 

questionnaire survey of student.   

 

The decision to combine qualitative and quantitative methods in this research 

is also to encourage the terms of triangulation, in order to validity research finding, by 

the deployment of more than one approach to data collection. For example, both 

structured interview and questionnaire were used to measure and hence to triangulate 

students conceptual understanding of heat and thermodynamics. The finding of 

quantitative research also required qualitative data in order to explain the finding 

causally. 

 

2. Research methods 

 

This study employed multiple types of data on interviewing, observation and 

document analysis. This section briefly discusses general research methods which 

have been used in education research. 
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2.1 Interviews  

  

The interview is one of the main data collection tools in qualitative 

research. The most common form of interview is the person-to-person verbal 

interchange encounter in which one person elicits information from another (Lincoln 

and Guba, 1985; Fontana and Frey, 1994; Merriam, 1998). It also can take the form of 

group interviewing. The interview has a wide variety of forms and a multiplicity of 

uses.  

 

The interview is used when it is not possible to observe behavior, 

feelings, and how participants interpret the world around them from their own points 

of view because it is very good way for accessing these things, including perceptions, 

motivations, claims, concerns, meaning and definitions of situations (Cohen, Manion, 

and Morrison, 2000; Punch, 1998). It can be useful in the case that the researcher 

wants to find out what is “in and on someone else’s mind (Merriam, 1998; Patton, 

1990). The interview is also necessary when there is interest in past events that are 

impossible to replicate (Lincoln and Guba, 1985; Merriam, 1998). Interviewing is the 

best technique to use when conducting intensive case studies of a few selected 

participants (Merriam, 1998). Cohen, Manion, and Morrison (2000) suggest that 

interviewing allows for greater depth than other methods of data collection. Jones 

(1987) also suggests that it can be used to prepare or follow up the questionnaires and 

to use in conjunction with other methods. 

 

There are several types of interviews. The most common way of 

deciding which type of interview to use is based on degree of interview structure from 

unstructured to highly structure (Bryman, 2001; Lincoln and Guba, 1985). Patton 

(1990) also proposed three kinds of interview which are: the informal conversation 

interview; the general interview guide approach or semi structured interview; the 

standardized open-ended interview.  

 

The informal conversation interview, similar to unstructured interviews, 

relies entirely on the generation of questions from the natural flow of an interaction 
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between an interviewer and interviewee. This interview occurs as part of ongoing 

participant observation fieldwork as Patton (1990: 280) implied, “during an informal 

conversational interview, the persons being talking with may not even realize they are 

being interviewed”. The informal conversation interview is very flexible and 

establishes in-depth information depending on what emerges from observing the 

immediate surroundings and situation or from talking to one or more participants 

individually in those surroundings (Freebody, 2003; Lincoln and Guba, 1985).  

 

The general interview guide approach, or semi structured interview, 

involves outlining a set of questions before interviewing begins, but the sequence and 

wording of questions can be vary depending on the interviewing contexts (Patton, 

1990). However, in the case that a particular sequence of questions is important, 

changing sequence has to be considered reasonably (Freebody, 2003). This type of 

interview is more structured than the informal conversation interview, but it still 

retains the flexibility of conversational style. This form allows the researcher to 

respond to the actual situation, in order to allow the interviewee’s ideas in their own 

point of views to emerge (Merriam, 1998). The interviewer has to carefully manage 

the limited time available and make sure that all relevant topics are covered in an 

interview situation. The interview guide approach helps to make interviewing across a 

number of different people, the data gathering and data analysis easier and more 

systematic.  

 

The standardized open-ended interview consists of carefully worded 

questions which ask each participant the same question with essentially the same 

words (Patton, 1990). The most structured interview is actually an oral form of the 

written survey (Freebody, 2003). The problem with using a highly structured 

interview in qualitative research is that rigid questions, in which the expected the 

answer in terms of the interviewers’ framework, may not allow access participants’ 

perspectives and understanding of the world (Guba and Lincoln, 1989).  

 

Interview is accepted as a part of the methodology in science education 

research and is the most direct method of assessing student understanding (White and 
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Gunstone, 1992). This technique was used widely in science education research to 

bring out what the student knows about the concept, e.g. Erikson (1979), Kesidou and 

Duit (1993), Lewis and Linn (1994), all employed clinical interviews to effectively 

investigate student’s understanding of heat energy, temperature and thermodynamics 

concepts. 

 

2.2 Observations 

 

Observation is a data collection technique which is widely used in 

qualitative study because it is a powerful tool for gaining insight into authentic 

situations. Punch (1998: 185) explains that “observation includes listening as well as 

looking, and every day face-to-face interaction depends heavily on both verbal and 

visual behaviour”. This means observations include both oral and visual data which 

can provide the researcher with an overview of the research setting and a chance to 

get close to the information happening in real contexts. Patton (1990) also claims that 

the value of observation is that the researchers can come to understand the setting and 

its impact through detailed descriptive information about what has occurred in that 

setting and how the participants have reacted to what has occurred in the natural 

settings. Another reason to conduct observation is to provide some information or 

questions which can be used as starting points for subsequent interviews (Merriam, 

1998). On the other hand, observation is able to discover things that participants may 

not feel free to talk or discuss in an interview (Merriam, 1998; Patton, 1990).  

 

There are several major types of observation, structured, unstructured, 

participant and non-participant observations (Bryman, 2001). In quantitative 

approach, the observations tend to be highly structured requiring a pre-developed 

observation schedule and generating numerical data (Punch, 1998). In this technique, 

the researchers employ rules or criteria which tell observers about what they should 

look for and how they should record in the observation such as using interval 

recording or rating scales.  
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In the qualitative approach, observations are typically much more 

unstructured. The research does not use predetermined categories and classifications 

but makes observations in a more natural way. (Foster, 1996b cited in Punch, 1998). 

Observers try not to manipulate or stimulate the behaviors of the participants who are 

being observed. The observation data is gathered continuously until the data is 

saturated (Adler and Adler, 1994). Field notes will be written up as soon as possible 

after the observation is made (Bell, 1993). 

 

There are other two main types of observation; participant and non-

participant observations (Bell, 1993; Lincoln and Guba, 1985; Patton, 1990). 

Participant observation differs from non-participant observation in that the role of the 

researcher changes from detached observer of the situation to both participant in and 

observer of the situation (Punch, 1998). Gold (1958) classified four roles of 

participant and observer: complete participant; participant as observer; observer as 

participant; complete observer. Complete participant - the researcher is a member of 

the group being studied and hides his or her observer role from the group so as not to 

disrupt the natural activity of the group (Cohen, Manion, and Morrison 2000). 

Participant as observer - this role is similar to the complete participant, but members 

of the social setting are aware of the researcher’s status as a researcher. Observer as 

participant - in this role, the researcher is mainly an interviewer. There is some 

observation but very little of it involves any participation. Complete observer - the 

researcher does not interact with the people. 

 

According Gold (1958)’s classification of observer and participant roles, 

the illustration of the non-participant observer role is possibly the case of the 

researcher sitting at the back of classroom. Then cods up every three or five seconds 

follow the observational categories which are prepared before the observation (Cohen, 

Manion, and Morrison, 2000). Participant observer is much more used in qualitative 

research because participation is to develop an insider’s view of what is happening. 

This means that the observer not only sees what is happening but also feels what it is 

like to be part of what is happening, it seems that they are a part of the setting.  
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However, there are limitations to observation. Observation data mostly 

depends on the observer’s skills of observation, interpretation and analysis. Each 

observer has their own particular focus and interprets significant events in their own 

way. Another problem is the observer may affect the situation being observed in 

unknown ways. For example, participants may change their own behaviour when they 

know they are being observed or the researcher themselves may distort the data 

because of the selective perception of the observer. Observations are also limited in 

focusing only on external behaviours, the observer cannot see what is happening 

inside people (Cohen, Manion, and Morrison, 2000; Punch, 1998). In this case, cross-

member checks and audio- and videotaping data gathering should be used. The 

researcher can analyze data repeatedly, in minute detail, and check with other 

researchers in order to enhance the validity of the research findings. 

 

By using a combination of observation, interview and document 

analysis, the field notes can be used with different data sources to validate and cross-

check finding (Patton, 1990). Each type of data has strengths and weaknesses. Using a 

combination of data types increase validity as the strengths of one approach can 

counterbalance the weaknesses of another approach. 

 

2.3 Data analysis 

 

Qualitative research concentrates on the study of social life in a natural 

setting which gives richness and complexity. Therefore analysis of qualitative data 

addresses multiple perspectives (Punch, 1998: 202). Qualitative data analysis is a 

series of alternate inductive and deductive steps. Using inductive hypothesis 

generation is followed by deductive hypnosis examination (Kelle, Prein, and Bird, 

1995). Inductive analysis means that patterns, themes, and categories of analysis come 

from the data as the analyst looks for the nature of variations in the data (Merriam, 

1998). Data analysis involves the analysis of the text from interviews or field note 

transcripts. Some basic procedures in qualitative data analysis are transcribing data, 

reading and rereading transcribing, segmenting and recording the data, counting 

words and coded categories, searching for the relationships and themes in the data, 
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and generating diagrams to help in interpreting the data. The goal of data analysis is to 

be able to clearly summarize research data and generate inductive theories based on 

the data. 

 

In qualitative, interpretive research, data analysis and data collection are 

contemporaneous performances (Merriam, 1998; Patton, 1990; Strauss, 1987). That 

means during data collection process, the researcher also analysis the data in a current 

situation in order to seek  more detail or understand what really happen is in that 

situation. Miles and Huberman (1994) propose an interactive model which illustrates 

the process of data analysis. This is illustrated in Figure 3.1. This model identified 

components of data analysis. Data analysis starts with data reduction which occurs 

continually throughout the analysis. It happens through editing, segmenting, 

summarizing the data, coding and memoing. Finding themes and patterns both in 

quantitative and qualitative analysis, the objective of data reduction is to reduce the 

data without significant loss of information. Data displays then organize compress and 

assemble information. The data generated by qualitative methods are voluminous 

(Patton, 1990). Data displays help the researcher see the whole data which are the 

basis for further analysis or the patterns of findings. That means the reasons for 

reducing and displaying data are to assist in drawing conclusions. These three 

components – data reduction, data display, and drawing conclusions - give an 

overview of data analysis.  

 

 

 

 

 

 

 

 

 

Data 
collection Data 

display 

Conclusions; 
drawing /verifying 

Data 
reduction

Figure 3.1  Identified components of data collection and analysis: interactive model 

Source: Miles and Huberman (1994) 
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There are a number of other analytic strategies described in the literature 

including phenomenological methods and conversation analysis, content analysis, 

discourse analysis (Merriam, 1998; Punch, 1998). Ezzy (2002) also identifies four 

common analytic strategies for qualitative data; content analysis, thematic analysis 

and grounded theory, narrative analysis, and cultural studies methodology. Most of 

the data in this research study are qualitative data which require an inductive analysis 

technique: content analysis and thematic analysis.  

 

Content analysis assumes that the researcher knows what the important 

categories will be prior to the analysis (Ezzy, 2002). It begins with predefined 

categories, then defines the units of analysis and the categories into which real data 

will be placed. The final stage of content analysis is the interpretation of results it is 

useful way for confirming or testing a pre-existing theory. But thematic analysis 

allows categories to emerge from the data. Coding in thematic analysis is the process 

of identifying themes or concepts that are in the data (Ezzy, 2002). The researcher 

attempts to build a systematic account of what has been observed and recorded. 

Theory emerges through this coding process. Coding is complex because most of 

qualitative researchers work with large sets of data. Thematic analysis aims to identify 

themes within the data. Thematic analysis is more inductive that content analysis 

because the categories into which themes will be sorted are not decided prior to 

coding the data.  

 

2.4 Ensuring trustworthiness of data generation and analysis 

   

In the quantitative research, validity and reliability are the criteria for 

effective research. Internal validity depends on careful instrument construction to be 

sure that the instrument measures what it is supposed to measure (Bryman, 2001; 

Patton, 1990) and external validity refers to the degree to which findings of one study 

can be generalized or applied to other situations (Cohen, Manion, and Morrison, 

2000; Goetz and LeCompte, 1984; Merriam, 1998). Reliability refers to the extent to 

which research findings can be replicated (Patton, 1990). However, the terms validity 

and reliability are replaced by the terms incredibility, dependability, confirmability 
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and transferability, in the qualitative research, which were proposed by Lincoln and 

Guba (1985). These four criteria can reflect the underlying assumptions involved in 

qualitative research which focuses on specific participants and authentic phenomena 

of the study.  

 

In qualitative inquiry, the researcher is like a research tool or instrument 

(Patton, 1990). That means qualitative inquiry draws on the interpretive and analysis 

skills of a researcher which may negatively or positively affect the data collection, 

analysis, and interpretation (Patton, 1990). To achieve internal validity, credibility has 

been used. It is the degree of confidence that research finding is really gained or 

drawn from the perspective of the research participants the authentic research contexts 

(Creswell, 1998; Lincoln and Guba, 1985). Merriam (1998) suggests several 

strategies for establishing credibility: 1) Prolonged engagement - the research should 

take sufficient time in collecting data until they can make sure that the data is in-depth 

and saturated for making patterns or answering the research problems; 2) 

Triangulation - using different sources, different methods, and sometimes multiple 

investigators; 3) Peer debriefing-the task of the debriefer is to be sure that the 

investigator is as fully aware of his or her posture and process as possible; 4) Member 

check-data, analytic categories, interpretations, and conclusions are checked by 

participants about whom the data were originally collected. 

  

As has been discussed in research strategies, the decision to combine 

qualitative and quantitative methods in this research is to encourage the terms of 

theoretical and methodological triangulation which mean using the same methods on 

different occasions and using different methods for same subject respectively. By 

combining such multiple method and data sources, the research can overcome the 

intrinsic bias that comes from single-method, single-observer, and single-theory 

studies (Denzin, 1970: 313, cited in Patton, 1990). Triangulation is a powerful 

solution to the problem of relying too much on any single data source or method, 

which could undermine the validity and credibility of findings because of the 

weakness of any single method.  Using triangulation is recognition that the research 

needs to be open to more than one way of looking at things (Patton, 1990: 186). 
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Reliability is a problem for social science researches because human 

behavior always changes (Cohen, Manion and Morrison, 2000). So it is not possible 

for qualitative inquiry to achieve the criteria of reliability in the view of quantitative 

research. However, reliability can be enhanced by using dependability which is an 

assessment of the quality of the processes of data collection, data analysis, and theory 

generation. The results obtained from the data are consistent with the data collected 

(Lincoln and Guba, 1985: 206). To achieve dependability, the researcher has a 

responsibility to describe the changes that occur in the setting and how these changes 

affected the way the researcher approached the study which will provide other 

researchers with evidence that if research study was replicated with the same or 

similar participants in the same (or a similar) context, its findings would be repeated 

(Lincoln and Guba, 1985). 

   

Confirmability is a measure of how well the research findings are 

supported by the data collected. Qualitative research tends to assume that each 

researcher brings a unique perspective to the study.  Confirmability refers to the 

degree to which the results could be confirmed or corroborated by others.  So the 

strategies for enhancing confirmability are asking other researchers or experts to 

check or audit the data collection (through critical incidents, documents, and 

interview notes), interpretation and analysis procedures, findings and make judgments 

about the potential for bias or distortion.  Halpern (1983; cited in Lincoln and Guba, 

1985) suggested six classes of data that should be reviewed to enhance confirmability. 

These are: 1) Raw data - recorded videotapes, written field notes, documents, survey 

results; 2) Data reduction and analysis products - write-ups of field notes, summaries 

and condensed notes, theoretical notes such as working hypotheses, concepts, and 

hunches; 3) Data reconstruction and synthesis products - themes that were developed, 

findings and conclusions, final report; 4) Process notes - methodological notes, 

trustworthiness notes, audit trail notes; 5) Material relating to intentions and 

dispositions - inquiry proposal, personal notes, expectations; and 6) Instrument 

development information - pilots, forms and preliminary schedules, observation 

formats, surveys.   
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In qualitative research, generalizability is interpreted as transferability 

(Cohen, Manion, and Morrison, 2000). Transferability is the degree to which the 

findings of this inquiry can apply or transfer to other contexts or settings. Indeed, the 

transferability is impossible, the qualitative can only set out doing research together 

with a description of the time and that context in which they were found to hold. That 

means transferability depends upon the degree of similarity between sending and 

receiving context (Lincoln and Guba, 1985; Merriam, 1998). The qualitative 

researcher can enhance transferability by providing rich and thick descriptions of 

participants and the research context from which the reader can judge the 

transferability (Lincoln and Guba, 1985).  

 

Research Design 

  

 This research followed the model of exploring existing practice and 

understandings, developing interventions and evaluating the interventions. Thus the 

research was designed to compose of three main phases; 1) exploratory phase, 

intervention design, 2) development phase and 3) intervention implementation and 

evaluation phase. Three phases of study, research questions, instruments and timelines 

are summarized in Table 3.1. 

 

1. Exploratory Phase   

 

Exploratory phase aimed to investigate Thai high school students’ 

understanding of heat and thermodynamics and explored the current situations of 

teaching and learning heat and thermodynamics. The situations of teaching and 

learning were investigated by classroom observations and teacher interviews. The 

method for obtaining student understanding of heat and thermodynamics concepts, as 

it was currently taught, was with the use of semi-structured interview and survey. 

Student interests concerning heat and thermodynamic were investigated by using Heat 

and Thermodynamics Interest Questionnaire (HTIQ). This investigation sought to 

identify the contexts of heat and temperature that student might be interested in and to 

generate general patterns of contexts using those interests. 
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2. Intervention Design and Development Phase 

  

As a consequence of the prior phase of study, a learning intervention, is called 

Heat and Thermodynamics Learning Units (HTLU), was developed which attempted 

to develop students’ understanding and to motivate students’ interest in heat and 

thermodynamics. The intervention was design during February–August 2005 which 

was offered suggestions by four experts; one physicist and three science educators. 

The guidelines for developing the intervention based on the exploratory phase, 

students’ difficulties in understanding of heat and thermodynamics were taken into 

account, including awareness of students’ interest in contexts involving heat and 

thermodynamics.  In October 2005, there was a meeting by the grade 11 physics 

teachers who implemented the HTLU.  This meeting aimed to discussed and comment 

on the frameworks for developing the HTLU, learning objectives and learning 

activities. The learning intervention was discussed in detail with each teacher before 

the unit began. The learning intervention was revised in some parts to suit their 

students and school contexts.   

 

3. Intervention Implementation and Evaluation Phase  

 

Intervention implementation and evaluation phase aimed to monitor 

investigate student responses to the HTLU and examined the effect of the HTLU on 

students’ understanding. The HTLU was implemented by three teachers in three high 

schools in Bangkok during November – February 2005. This phase of study aimed to 

monitor the effect of using a contextual approach and its process of implementing in 

heat and thermodynamics topics. The data was collected via observation of heat and 

thermodynamics lessons; audio recording of classroom, videotaped classroom and 

audio-recording interviews..This wide ranging methodology is enabling the 

researchers to build up a detailed picture of the students’ response of multi-contexts 

they were being introduced to, how the contexts used in the learning units interacted 

with the heat and thermodynamics concepts and the effect of teaching pedagogy on 

learning of concepts.  
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Table 3.1   Data collections and timelines 
 

Research Questions Participants Data and Instruments Timelines 

 

1) Exploratory Phase: 

   

Three physics 

teachers from three 

schools in Bangkok   

Existing situation of teaching and 

learning heat and thermodynamics 

by an interviewing schedule  

May-June 2004 

A heat and 

thermodynamics 

class in a high 

school in Bangkok 

Existing situation of teaching and 

learning heat and thermodynamics 

by classroom observations and 

informal interviews 

May-June 2004 

214 Grade 11 and 12 

students from three 

schools in Bangkok  

Understanding of heat and 

thermodynamics by HTCQ  

November 2004 

1) How are heat and 

thermodynamics concepts 

taught in the current 

classroom? 

2) What is the student 

understanding of heat and 

thermodynamics concepts 

as it is currently taught? 

3) What heat and 

thermodynamics contexts 

students are interested in? 

 
154  Grade 11 and 

12  students from 

three schools in 

Bangkok 

Students’ Interest concerning heat 

and thermodynamics contexts by 

HTIQ 

December 2004 

 

2) Intervention Design and Development Phase: 

 Designing  the HTLU February – 

August 2005 
 

 

Three physics 

teaches from three 

schools in Bangkok   

Meeting   October 2005 

 

3) Intervention Implementation and Evaluation Phase: 

 

1) What contexts are 

useful for assisting 

students to develop 

understanding with certain 

types of alternative 

conceptions? 

1) What are student 

responses to the trial 

intervention units? 

 

102 Grade 11 

students from three 

schools in Bangkok  

 

2) Implementing of the HTLU by 

classroom observations, informal 

interviews and document analysis 

3) Understanding of heat and 

thermodynamics by HTCQ, 

interviews and classroom 

observation 

4) Students Commentary on a unit 

approach by  LHTQ 

November –

February 2005 
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Research Instruments 

 

 This section describes the process of development and structure of the 

research instruments. The instruments used in the study included: 

 

1. Heat and thermodynamics concept questionnaire 

  

This study attempted to determine students’ understanding of heat and 

thermodynamics on the large scale. Heat and Thermodynamics Concept 

Questionnaire (HTCQ) was constructed by following the steps of constructional 

process of the multiple choice questionnaire which were suggested by Robbins 

(1998). The HTCQ was developed from both the interview data and the literature 

reviews which are described as following:   

 

Step 1: Stating purpose; the HTCQ was a purpose questionnaire which used for 

investigating students’ understandings and transferring of heat and thermodynamics 

concepts concerning various contexts. Each question intended to used a particular 

context and set up the questions or problem from that context.  Thus the HTCQ was a 

context based questionnaire. 

 

Step 2: Defining relevant variables; the test specification was prepared which 

consistent with the heat and thermodynamics concepts and learning objectives of the 

IPST. All question covered eight concepts in heat and thermodynamics; heat and 

temperature, heat transfer, thermal equilibrium, insulators and conductors, 

temperature and phase change, heat exchange and temperature equalization. 

 

Step 3: Developing questions; reviewing previous research studies focused on 

students’ alternative conceptions. Twenty open-ended questions were adapted from 

the literature and generated by the first researcher. These questions were used for 

interviewing students. The content validity of the interview questions was checked by 

three experts (one scientist, two science educators).  
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Step 4: Constructing questionnaire; the interview questions then were brought to 

interview 12 high school students who had learned heat and thermodynamics in the 

2004 academic year. They were from two high schools in Bangkok, 6 students from 

each school, which were chosen by their physics teachers and were considered to have 

low, average and high achievements in physics subjects. The interviews were each 

approximately 45 minutes, were recorded and later transcribed by the researcher. The 

interview data were analyzed for creating true- and false- choices for the multiple 

choice concept questionnaires. The three experts were asked to check the analysis of 

the researcher.  Heat and Thermodynamics Concept Questionnaire (HTCQ) was 

composed of 20 questions; see in Appendix A. The purpose of each question is listed 

below. 

 

-    Question 1 was original from Yeo and Zadnik (2001) and question 2 was 

adapted from Linn and Songer (1991) and Lewis and Linn (1994) which sought 

students’ conceptions of heat energy and temperature. Question 2 investigated student 

understanding of absolute zero temperature. Question 4 investigated students’ 

understanding of the meaning of heat, the meaning of temperature and the differences 

between heat and temperature by using open-ended question. 

- Question 3 was generated by the first researcher which specified the 

factors of heat energy. Students were asked to compare the amount of heat energy of 

two objects at different temperatures. The objects were made of the same material and 

had different mass. Question 4 (Harrison, Grayson, and Treagust, 1999) asked 

students to compare the amount of heat energy of two objects at 0°C in the freezer. 

The objects were made of the same material but had different sizes. 

- Question 5 were original from Yeo and Zadnik (2001), question 6 was 

adapted from Thomaz et al. (1995) and question 6 was adapted from CTP (2003) 

which investigated students’ understanding of heat transfer which emphasized process 

of heat transfer and thermal properties of material.  

- Question 8, 9 and 10 were adapted from Lewis and Linn (1994) look at 

students’ conceptions of conductors and insulators. Question 8 asked students’ 

understanding of good insulator and good conductors. Question 9 and 10 investigated 

students’ ability to use their understanding of conductors and insulators at an 
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application level. They were asked to select the material that could keep hot thing 

warm and keep cold things cool.  

- Question 11, 12, 13 and 14 were generated by the first researcher 

investigate subjects’ conceptions of temperature and phase change.  

- Question 15 was original from Yeo and Zadnik (2001) and question 16 

was generated by the first researcher which investigated students’ conceptions of heat 

exchange.  

- Question 17 and 18 were adapted from Lewis and Linn (1994) which 

looked at student understanding of thermal equilibrium concept.  

- Question 19 and 20 were generated by the first researcher which 

investigated students’ conceptions of the second law of thermodynamics. 
 

Step 5: Pretesting; two pretests were conducted. The first pretest, the research gave to 

experts (two scientists and five science educators) to critique and to offer suggestions. 

Once this had been done, the researcher made the necessary change and then pretested 

the questionnaire again with one class (40 students) at a high school in Bangkok. 

Once the second pretest was completed, the researcher improved the questionnaire by 

making the necessary change and rearranging questions. 

 

2. An interview schedule for exploring the existing situation of  teaching and 

learning heat and thermodynamics  

 

Semi-structured interviews were used with the teachers which aimed to 

explore their teaching and learning approaches to heat and thermodynamics in the 

current situations. The interview schedule was developed for the in-dept interviewing 

(see Appendix B). Themes of the interview covered curriculum, learning objective, 

teaching methods, instructional material and assessment in the heat and 

thermodynamics topic. The interview questions were also designed for exploring the 

problem about teaching and learning and teachers’ opinions concerning teaching 

approaches that they might be interested in and would like to use in their classroom. 

There were 8 items in this interview which took 45-60 minutes to complete the 
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interview. The interview schedule was checked by three experts; one scientist and two 

science educators. 

 

3.  Heat and thermodynamics interest questionnaire 

  

From the guidelines for designing contextual settings, contexts should be 

matched with science content and capture student imagination. Importantly, the 

contexts should be mapped out and designed cooperatively with students. So Heat and 

Thermodynamics Interests Questionnaire (HTIQ) was developed (see Appendix C). 

Steps to develop the HTIQ are described as following: 

 

Step 1: Stating purpose; the HTIQ used for investigating physics student interests in 

context of heat and thermodynamics. The HTIQ results were used as a tool for 

designing the intervention units for heat and thermodynamics. 

 

Step 2: Defining relevant variables; the contexts concerning heat and 

thermodynamics were divided into four context groups which were used in the HTIQ. 

- Everyday/Local Contexts; Coolness in the Home, Keeping Cold: Keeping 

Warm, Choosing Your Cooking Appliances, Keeping Food Cool, and Maintaining 

Body Temperature. 

- Environmental Contexts; Global Warming and Greenhouse Effect, Weather 

and The Earth’s Surface, Mapping Today’s Weather, and Solar Cooking. 

- Natural World Contexts; Fire Walking, Sea and Land Breezes, Heat and 

Friction, Different Planet: Different Temperature, and Solar Radiation. 

- Technological Contexts; Hot–Air Balloons, Building and Expansion, 

Microwave Ovens, Thermostats, Aircraft Machines, Thermal Imaging Cameras.  

 

Step 3: Constructing questionnaire; The HTIQ was comprised of three parts as 

following: 

Part I was the background information. Students were asked about their gender 

and understanding of the scientific ideas of heat and thermodynamics. 
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Part II was a check list table by using a Likert Scale which was a scale ranking 

of the respondent preferences or opinions. This scale invented a widely-used scaling 

technique in which a large number of items (Bowen and Bowen, 1998) and is used 

with closed questions (Robbins, 1998). This part composed of 20 topics concerning 

heat and thermodynamics. The students were asked to check the list in five different 

categories: Not Interested, Not Sure, Slightly Interested, Interested and Very 

Interested (Jones, 1987), in order to identify their interest in each topic of heat and 

thermodynamics. They were asked to indicate how interested they would be in 

learning more about a particular device by indicating on the scale and then to explain 

the reasons for their interest.  

Part III was students’ suggestions. They were asked to suggest any other 

contexts about heat and thermodynamics that they would be interested in finding out 

more about.   

 

Step 4: Pretesting; two pretests were conducted. The first pretest, the research gave to 

experts (two scientists and five science educators) to critique and to offer suggestions. 

Once this had been done, the researcher made the necessary change and then pretested 

the questionnaire again with one class (40 students) at a high school in Bangkok. One 

the second pretest was complete, the researcher improved the HTIQ by making the 

necessary change, cutting items, add more items and rearranging questions. 

 

4. Learning heat and thermodynamics questionnaire 

  

Learning heat and thermodynamics questionnaire (LHTQ) was designed to 

gain students’ opinion on the learning activities in heat and thermodynamics learning 

units (see Appendix D). LHTQ was a check list questionnaire by using a Likert Scale 

which is a scale ranking of the respondent preferences or opinions. The questionnaire 

consisted of 11 Likert-scaled statements based on core principles of contextual rich 

instruction that were adapted from the original CTL project framework (CORD, 1999) 

and 2 more Likert-scaled statements were set by the researcher. The students were 

asked to check the list in five different categories: Strongly Disagree, Disagree, 

Slightly Agree, Agree and Strongly Agree, in order to identify their opinion in each 
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statement. The LHTQ were checked by three experts (one scientist and two science 

educators) to critique and to offer suggestions. The researcher improved the 

questionnaire by making the necessary change. 

 

Data Collection and Data Analysis 

 

 This section describes the details of the research participants and the process 

of collecting data by using the research instruments and analysing data. Data 

collection and data analysis in three phase study are described separately as following: 

 

1. Data collection and data analysis in the exploratory phase 

 

1.1 Classroom observations 

 

Classroom observations aimed to study how the students learn, 

classroom learning environment and classroom interaction. A physics classroom with 

the 25 students was observed every period for 5 weeks from the first period of the 

lesson, heat and thermodynamics, until the final period. Field notes were used for 

recording the teaching of heat and thermodynamics concepts. Notes were also taken 

of the lesson for interviews the teacher. For classroom observations in this phase, non-

participant observations were used. The researcher sat at the back of classroom and 

took notes of the verbal exchanges between teacher and students by the means of a 

structured set of teaching approaches. However, when the students were doing the 

experiments in group, the researcher had a chance to participate and interact with the 

participants in classroom activity.  Observation data from each week were analyzed to 

discover the patterns of teaching heat and thermodynamics. The data from interviews 

were transcribed. Both observation and interview data were analyzed by using theme 

analysis. 
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1.2 Interviews 

  

Interviews were used with both the students and the teachers, as they 

were perceived to be an excellent technique for collecting data with greater depth and 

detail than, for example, a questionnaire. Three physics teachers;  Tara, Soycholn and 

Natee (pseudonyms), from three high schools in Bangkok, were interviewed 

individually about their own teaching approaches and the problems that they faced 

while they taught the topic of heat and thermodynamics. The interview schedule was 

prepared before the interview. The interviews were each approximately 45-60 

minutes, were recorded and later transcribed by the researcher. The interview results 

were returned to the teachers to enable checking of the accuracy of recording and 

transcribing and the researcher’s interpretation was discussed with each teacher for 

confirmation. The interview data from three teachers were compared to fine out the 

differences and commonalities among their opinions. 

 

1.3 Heat and thermodynamics concept questionnaire  

 

Heat and thermodynamics concept questionnaire (HTCQ) was used to 

determine the way students thought about heat and heat energy, temperature, heat 

transfer and thermal properties, insulators and conductors and thermal equilibrium 

and to find the fundamental ideas for development of the HTLU. The HTLU was 

administered to 133 students from Tara’s school, 42 students from Soycholn’s school 

and 39 students from Natee’s school, who had studied the heat and thermodynamics 

topic. Students could take approximately 45 minutes to complete this questionnaire.  

The data from the HTCQ were analyzed each item in the percentage and the total 

score.  

 

1.4 Heat and thermodynamics interest questionnaire  

 

Heat and thermodynamics interest questionnaire (HTIQ) was regarded as 

the tool for development of the learning. This questionnaire aimed to identify the 

contexts of heat and temperature that student might be interested in and to generate 
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general patterns of contexts using those interests. The questionnaires were 

administered to 154 students, 84 of the students were female and 76 were male from 

three high schools in Bangkok. They were asked to read the description of each 

context and check the list in order to identify their interest in each topic of heat and 

thermodynamics. They were asked to indicate how interested they would be in 

learning more about a particular context by indicating on the scale and then to explain 

the reasons for their interest.  

 

The data from the HTIQ were statistically analysed to identify the topics 

and context groups that were considered interesting and to note any gender 

differences. The mean, mode, and the percentage of responses that indicated 

`interested` and `very interested` was calculated for each context. To calculate the 

mean, the different categories, Not Interested, Not Sure, Slightly Interested, Interested 

and Very Interested, were given the values 1, 2, 3, 4, 5 respectively. The mean 

between 1.00 and 3.30 implied that students lack interest in that topic. The mean was 

higher than 3.30 implied that students were interest in that topic. The data from the 

HTIQ also had been analyzed to identify the contexts by comparing student’s interest 

between and within context groups by using an analysis of the grouped data and a t-

test and finding general patterns of the context that are considered to be interesting by 

students. Apart from quantitative data, there was qualitative data from the open-ended 

questions, which asked students to explain their level of interest. These qualitative 

data were analyzed by using theme analysis technique.  

 

2. Data collection and data analysis in the intervention implementation and 

evaluation phase  

   

There were 52 students of schools A, 25 students of schools B and 25 students 

of schools C. Each class was mixed of students who had medium and low 

achievement in physics. Only few students were successful in physics. The 

implementation of the heat and thermodynamics learning units took place over 6 

weeks, with three schools being visited by the researcher for all of their heat and 

thermodynamics lesson time each week. Classroom observations were made over a 
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period of 8-10 weeks. The first two weeks of the research was taken for the 

development of a rapport between the researcher, the teacher and the students.  

 

2.1 Classroom observations 

 

Participant observations were used as a main tool for this phase. The 

power of participant observation was that it captured patterns of behaviour as they 

occurred in the classroom. A process from the broad observation to the specific 

observations was used to understand the details of classroom situations. The 

observation consisted of observing three physics teachers in three high schools for all 

of their heat and thermodynamics lesson time each week. The observation focused 

students’ learning.  Observation data were supplemented by informal interviews. The 

data from the observation and interviews on each lesson were collected lesson-by-

lesson. Both the lessons and informal interviews were audiotape recorded and later 

transcribed for analysis. Field notes also were used for recording data combined with 

video recording to monitor teaching and learning in every learning period. 

 

2.2 Interviews 

  

Teachers were interviewed for their reflections or comments before the 

sequence of lessons, each lesson plan after implementation and at the completion of 

the teaching sequence. The interview data were collected by audio tape recording. 

After each interview, the teachers were invited to check their own words to validate 

interview data. Students were also interviewed twice to collect different data. All the 

students were interviewed to collect data about their recall of the material taught.  

Some of the students were selected by the teachers to represent different achievement 

levels, and these students were interviewed, as a group and individual, to reflect their 

understanding of the concepts and the context used in each lesson. Additionally 

students were interviewed while they were doing the activity and after the finished 

each activity. The first part of the interviews followed observation-based data and the 

second part followed a common format involving fixed questions (semi-structured 

interviews). It was decided to interview the students once a week after the lesson. The 
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students were generally interviewed individually but sometimes in groups of up to 

three students. The interview tended to be informal. A very simple question was 

asked: “Can you tell me what you did last lesson?” for recalling student understanding 

of the learning activities and concepts. Every student in the three classes was 

interviewed at least once; some of them were interviewed in groups.  

 

2.3 Document data  

 

Documents on teaching, learning and assessing heat and 

thermodynamics were also collected in order to support the trustworthiness of data. 

The most heavily sourced documents were personal documents generated by students 

during the study. Teacher’s notes and recordings of student summative assessment 

were collected. Other data sources included photocopied student work. Photographs 

were also taken of completed artifacts as a data source. Finally copies of text and 

pictures produced by teachers and students throughout the heat and thermodynamics 

units were collected. Documentary data produced during units were sometimes 

recorded as field notes when it was not possible to photocopy originals, for example, 

blackboard notes.  

 

Students were asked to write in a Student Thinking Book about their 

learning, understanding and the problems that they faced while they were learning in 

each activity. In addition, students were asked to reflect on the materials by writing an 

essay about their reaction to the new teaching approach. Student tasks were used to 

assess their abilities in applying their understanding of heat and thermodynamics 

concepts. A task was included in learning activities in the heat and thermodynamics 

units which encouraged students to design and plan some projects dealing with heat 

and thermodynamics. Other documents such as worksheets, exercises and reports 

were collected. A thematic analysis was used with the informal interview and 

classroom observation data. Thematic analysis allowed categories to emerge from the 

data. Coding in thematic analysis was the process of identify themes or concepts that 

are in the data (Ezzy, 2002). The researcher attempted to build the themes from the 
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data of what had been observed and recorded. Themes emerged through the coding 

process.  

 

2.4 Heat and thermodynamics concept questionnaire 

 

A heat and thermodynamics concept questionnaire (HTCQ) was 

administered to the students after the implementation of the HTLU. Contexts in the 

HTCQ are apart from the contexts used in the HTLU in order to assess student ability 

in transferring their understanding to new contexts. The percentage of students’ 

responses in each question from the exploratory phase and the intervention 

implementation phase were compared. This analysis sought at the number of students 

who understood and did not understand heat and thermodynamics concepts after the 

implementation of the HTLU.     

 

2.5 Learning heat and thermodynamics questionnaire 

 

Learning heat and thermodynamics questionnaire (LHTQ) was regarded 

as the tool for assessing the success of heat and thermodynamics learning units 

(HTLU) via the contextual approach from the students’ point of view. The LHTQ was 

administered to the all students, who participated in the intervention implementation 

phase, after the implementation of the HTLU.  The data from the LHTQ were 

statistically analysed to identify which items were appeared to some degree for the 

students. The mean, mode, and the percentage of responses that indicated `agree` and 

`strongly agree` were calculated for each item. To calculate the mean, the different 

categories, Strongly Disagree, Disagree, Slightly Agree, Agree and Strongly Agree, 

were given the values 1, 2, 3, 4, 5 respectively. The mean between 1.00 and 3.30 
implied that students viewed that they had not learned heat and thermodynamics 

contextually. The mean was higher than 3.30 implied that students views that they had 

learned heat and thermodynamics through a contextual approach. 
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2.6 Enhance the trustworthiness of the research results 

  

To provide a concise account of how meaningful and trustworthy 

conclusions were reached, this study employed a combination of analysis methods. 

The themes of analysis were created from the real data which related to student’s 

conceptual understanding of heat and thermodynamics and their reaction to the 

learning units. Data analysis was undertaken as analysis through clarified themes and 

patterns. This leads to a requirement to collect more raw data to reveal new insights 

and understandings of the study.  

 Therefore, significant sections of all recorded interviews, informal 

interviews in classroom, were transcribed. The data from observations and interviews 

was triangulated in order to validate the data.  Common patterns of responses were 

analyzed in terms of the lesson features or the teaching and learning activities that 

occurred. The student-generated data were triangulated with teachers’ comments of 

students’ learning. Student reactions to learning units have been analyzed in terms of 

motivation and interest, participation, and concept development.  
 

Summary 

 

  To study teaching and learning of heat and thermodynamics concepts in high 

school classrooms, an interpretivist paradigm was used as a framework to understand 

the complex context of the classrooms. A combination of qualitative and quantitative 

research methods was applied in order to answer the research questions of the 

development and implementation of the HTLU for high school students. Using the 

method of the interviews and then administering a large inquiry, using a 

questionnaire, with purposive student group provided useful information on student 

difficulties in learning heat and thermodynamics concept in this particular group. The 

questionnaire was also used to identify student interests, combined with classroom 

observation and teacher interviews in order to study learning and teaching of heat and 

thermodynamics in the current situation in the exploratory phase. The data from the 

exploratory phase provided the directions for development of the HTLU. So 
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designing the HTLU was guided by two main concerns: student alternative 

conceptions and contexts where students showed some interest. 

 

  Evaluations of the HTLU were classroom observations and structured and 

unstructured interviews of both students and teachers to understand what was 

happening in the classrooms. During implementation of the HTLU, the teacher was 

interviewed before the sequence of lessons and after each lesson and students were 

also interviewed after lesson. Questionnaires were also used with the all participants 

in order to gain an overview of development of students’ understanding. This was 

combined with student interviews in order to provide qualitative information. All data 

were analyzed by using content and theoretical analysis.   

 

  The results of the exploratory phase, intervention design and development 

phase, intervention implementation and evaluation phase are presented in Chapter IV, 

V and VI respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER IV 

 

EXPLORATORY PHASE  
 

Introduction 

 

 This chapter investigates aspects of teaching and learning heat and 

thermodynamics in existing classrooms in Thai high schools. As an activity in the 

exploratory phase this chapter sought to address the following research questions:  

1) What are the current situations about teaching and learning heat and 

thermodynamics? 

1.3) What is student understanding of heat and thermodynamics concepts 

as it is currently taught? 

1.4) How are heat and thermodynamics concepts taught in the current 

classrooms? 

2) What heat and thermodynamics contexts students are interested in? 

 

The first section demonstrates students’ alternative conceptions of heat and 

thermodynamics concepts that are related to thermal situations in the existing teaching 

approaches. In the second section, teachers’ views of teaching and learning and 

classroom events are clarified. Student interests in contexts about heat and 

thermodynamics are explored.  The last section sets out a new teaching approach to 

develop students’ understanding and application of heat and thermodynamics 

concepts by discussing the rationales for progressing towards a new perspective for 

teaching and learning.  

 

Students’ Existing Understanding of Heat and Thermodynamics 

  

To examine student understanding of heat and thermodynamics on a large 

scale, a Heat and Thermodynamics Concept Questionnaire [HTCQ] was used to 

determine the way students thought about heat and thermodynamics topics and their 

fundamental understanding of the topics. Eight main concepts of heat and 
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thermodynamics were identified in the literature and the interview data that students 

found problematic: 1) heat and temperature, 2) heat energy, 3) heat transfer, 4) 

insulators and conductors, 5) temperature and phase change, 6) heat exchange, 7) 

thermal equilibrium, and 8) the second law of thermodynamics. Two hundred and 

fourteen high school students from three high schools in Bangkok, who had studied 

the heat and thermodynamics topics, were surveyed using the HTCQ. The total score 

of the questionnaire was 20 marks. About 167 students (80%) got 0-5 marks and 47 

students (20%) got 6-9 marks. No one scored more than 50%. From this result, it 

seems most students lacked an understanding of heat and thermodynamics concepts. 

The detail of student correct responses to each question in the HTCQ is shown in 

Table 4.1. The questions are grouped into sets that focus on the key concepts of the 

students’ understanding of heat and thermodynamics through the varied contexts used 

in the HTCQ.  Questions 3, 13, 16, 18 and 20 consisted of two sub-questions which 

showed the students’ correct responses to and correct explanations of different 

concepts of heat and thermodynamics. 

 

Table 4.1  The number and percentage of  students’ correct responses through the 

varied thermal contexts used in the HTCQ  

(n=214) 

Students  
Thermal contexts 

Number Percent 

Heat and Temperature  
Question 1: Possible lowest temperature of super-conductor 

magnets 
Question 2: The differences of heat and temperature   

 
29 
 
65 

 
14 
 
30 

Heat Energy  
Question 3: A glass of hot milk beside the pool  
Question 4: A big and small piece of ice being stored in the freeze

 
62 (21**) 
50 

 
29 (10**)
23 

Heat Transfer  
Question 5: Aluminium and wood strips 
Question 6: Boiling water 
Question 7: The wrapped dolls in blankets 

 
43 
41 
27 

 
20 
19 
13 

Insulators and Conductors   
Question 8: Arranging good insulators and conductors 
Question 9: Materials for keeping hot things warm   
Question 10: Materials for keeping cold things cool  

83 
30 
42 

 
39 
14 
20 

Temperature and Phase Change  
Question 11: Temperature at the phase change 
Question 12: Temperature at the boiling point 
Question 13: Temperature change of oil and water  
Question 14: Pressure cooking 

 
75 
65 
141 (47**) 
27 

 
35 
30 
66 (22**)
13 
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Table 4.1  (Continued) 
 

Students  
Thermal contexts 

Number Percent 

Heat Exchange  
Question 15: Mixing two samples at different temperatures  
Question 16: Mixing two samples at the same temperature  

 
82 
105 (17**) 

 
38 
49 (8**) 

Thermal Equilibrium 
Question 17: Temperatures of metal and plastic chairs  
Question 18: A big and small piece of ice being stored in the freezer

 
40 
152 (17**) 

 
19 
71 (8**) 

The second law of thermodynamics 
Question 19: Heat travels between two samples at different 

temperatures 
Question 20: Heat travels between a sample and its  surroundings  

 

 
43 
 
171 (47**) 

 
20 
 
80 (22**)

** correct explanations 

 

Table 4.1 shows that only 10-20% of student had the correct understanding of 

the concept of heat and temperature, heat energy, thermal equilibrium and the second 

law of thermodynamics. That means most of students held alternative conceptions of 

these concepts. Moreover, in the concepts of insulators and conductors, temperature 

and phase change and heat exchange, the number of students who were able to give 

the correct responses to these concepts was lower than 40% of overall. To illustrate 

the students’ alternative conceptions of heat and thermodynamics, in the next section, 

students’ responses in each of the concepts are described. The proportions of students 

choosing scientific and non-scientific explanations across the varied contexts of the 

question are detailed. 

 

1. Heat and temperature  

 

In Question 1, students were provided with a situation where someone told the 

students that ‘I saw physicists make super-conductor magnets, which were at a 

temperature of –300 °C’. They were asked whether they believed in this situation or 

not. Only 14% percent of students held a correct understanding of absolute 

temperature. They did not believe this sentence because the lowest temperature is at   

-273.15 °C. Most of the students (86%) hold specific alternative conceptions of 

absolute temperature. Some of them understood that the lowest and highest 
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temperatures had no limit and some of them thought that -168 °C of liquid nitrogen 

was the lowest temperature.  

 

Viewed in the physicist’s heat framework, the word ‘Heat’ is defined as a 

form of energy (thermal energy) – the amount of heat and energy an object has. This 

is measured in calories or joules. The more mass, the more heat energy an object will 

have. ‘Temperature’ is defined as a measurement to identify how hot or cold an object 

is. It is the level of heat and can be measured with a thermometer. To seek students’ 

understanding of the words heat and temperature, students were asked to explain the 

terms of heat and temperature in question 2. Students’ responses were categorized and 

the results are presented in Table 4.2. 

 
Table 4.2  Students’ understanding of the terms heat and temperature 

 (n=214) 

Students  
Categories of responses 
 Number Percent 
 
Heat 
Energy 
Hot thing 
High Temperature 
Sensation 
Heat is in the object 
Amount of heat  
Heat depends on time and is the changes of temperature per time 
Non-Response 

64 
37 
34 
30 
20 
13 
11 
5 

    30** 
17 
16 
14 
9 
6 
5 
2 

 
Temperature 
Amount of heat energy 
Measure or unit of heat 
Degree 
Heat 
Temperature is the change of air or surroundings 
Temperature can be high and low or hot and cold 
Temperature comes from the change of heat or energy 
Non-Response 

12 
16 
81 
25 
15 
49 
10 
6 

6 
7 

38 
12 
7 

22 
5 
3 

** sound understanding of the word ‘Heat’ 
  

Table 4.2 shows the heat ideas of most of students were different from that of 

the physicist which can be briefly summarized into seven categories which are that 

heat is 1) energy, 2) hot things, 3) temperature, 4) sensation, 5) heat is in the object, 6) 

the amount of heat, and 7) heat depends on time and is the changing of temperature 
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per time. Nearly one third (30%) of students were able to say that heat is a kind of 

energy, while many of them held an alternative understanding of the word heat, for 

example, heat was high temperature (16%) or a hot thing (17%) or sensation (14%).  

 

Student responses to the word temperature were categorized into seven 

categories which were temperature is 1) amount of heat energy, 2) measure or unit of 

heat, 3) degree, 4) heat, 5) the changing of air or surroundings, 6) temperature can be 

high and low or hot and cold, and 7) temperature comes from the changing of heat or 

energy. Most students expressed the meaning of temperature with a short sentence or 

a word such as degree (38%), measure or unit of heat (7%), or temperature can be 

high and low or hot and cold (22%).   

 

The student responses to the words heat and temperature were also compared 

in terms of the difference of heat and temperature from the students’ point of view. 

The data revealed that 30% of students, all of those who defined heat is a form of 

energy, were also able to express some distinctions between heat and temperature: for 

example, “heat is an amount of energy and temperature is the measure of heat 

energy”. Obviously, most students gave a meaning for the word temperature to some 

extent but they had alternative understandings of the word heat. This means they were 

able to express the single thermal distinction. Twelve percent of the students 

identified that there was no difference between heat and temperature. They had 

responded that temperature is heat. They gave several reasons to support their 

answers, such as “if a thing was hot with heat, it would have a high temperature”, 

“high temperature made heat”, “heat depended on the changing of temperature and 

time”, or “both heat and temperature used the same unit; that was the degree.”  

 
2. Heat energy 

 

To assess students’ understanding of heat energy, students were asked to 

compare the amount of heat energy of two objects at different temperatures to specify 

the factors of heat energy (Question 3). The two objects were made of the same 

material but had different mass. Only 10% of students showed the correct 

understanding that heat energy depended on not only specific heat capacity and 
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temperature, but also the mass of the objects (Heat as extensive quantities), while 

57% of students thought that the object that had the higher temperature would have 

more heat energy. Just under a quarter (24%) of the students thought that heat energy 

is dependant on the specific heat capacity of objects only.  

 

In a second context (Question 4), students were asked to compare the amount 

of heat energy of the two objects at 0°C in a freezer. The objects were made of the 

same material but had different sizes. The responses showed that 23% of students held 

the correct understanding that heat energy is dependent on not only specific heat 

capacity, but also the mass of the objects. However, 29% thought that if the objects 

were made from the same material, they would have the same heat energy. Some of 

students (20%) thought that two objects that had different sizes (both were the same 

material at 0°C) would have the same heat energy because both of them were in the 

same state.  Interestingly, 12% of students still thought that specific heat capacity 

depended on the size of objects only.  

 

3. Heat transfer 

 

To investigate the students’ understanding of heat transfer which emphasized 

the process of heat transfer and thermal properties of materials, students were asked to 

predict the temperature of aluminium and wood strips which were put into a truck on 

a hot day (Question 5). About 20% of students held the correct understanding that the 

metal could conduct heat energy from your hand faster than the wood, while most 

students held alternative conceptions of hear transfer; for example, 40% thought that 

metal was hotter than wood because metal held heat better than wood did and 29% 

thought that the metal could radiate heat better than wood.  

 

Students were asked to explain the situation why the wrapped dolls in blankets 

never warm up (Question 7). Only 12% of students held correct understanding that 

both the dolls and blankets have no heat energy resources and are at the same 

temperature. About 57% of students identified that the wrapped dolls in blankets 

never warm up because the blankets were made of material which did not hold heat 
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well; 13% thought that blankets were poor conductors and 5% thought that the 

blankets used were probably poor insulators.  

 

4. Insulators and conductors 

 

To seek their understanding of good insulators and good conductors, students 

were asked to arrange materials from a good insulator to a good conductor; glass, 

ceramics, wood, metal, Styrofoam and paper (Question 8). After that, students’ ability 

to use their understanding of conductors and insulators at an application level was 

identified. Students were asked to choose the best materials from glass, ceramics, 

wood, metal, Styrofoam, and paper in terms of their suitability for keeping things cool 

and keeping things warm (Questions 9 and 10). Only 6.5% of students held the correct 

understanding that Styrofoam could be used for keeping hot things warm and cold 

things cool. While more than 63% of students thought that each material was good for 

keeping hot objects warm but could not keep cold objects cool, at least 71% of them 

thought that metals could attract, hold, or absorb heat or cold so that wrapping by 

using metal would be excellent for keeping hot things warm and cold things cool.  

  

These findings showed that students had a good understanding of which 

material was a good insulator or a good conductor such as Styrofoam being a better 

insulator, but they were unable to apply their understanding.  

 

5. Temperature and phase change  

  

In Question 11, about 35% of students understood that the temperature of the 

water at the boiling point had not changed even it was given more heat energy, while 

30% understood that the temperature of the steam could be higher than 100 °C 

(boiling point of water). To investigate their conceptions of temperature and phase 

change, students were asked to give the reasons why a pressure cooker can cook faster 

than a normal cooker.  Only 13% of students held the correct understanding that the 

boiling point of water can be above 100 °C. Half of the students thought that the high 

pressure made the molecules of gas become smaller. Then, the small molecules 
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helped heat in the pressure cooker to spread more easily. About 20% percent of 

students thought that the high pressure could generate extra heat, and 19% thought 

that pressure cookers spread the heat more evenly through the foods.  

  

Students were provided a context: equal amounts of water and oil (both at the 

same temperature) are heated by identical gas for the same time in Question 13. When 

asked which liquid had higher temperature after 5 minutes, 22% of students were able 

to give the correct answer and explanation. They thought that oil had a higher 

temperature than water because the specific heat capacity of oil is lower than water. 

Nearly 44% of students were able to give the correct prediction but their explanations 

did not support their answers. They thought that the factors of temperature change 

were the density and boiling point of oil and water. Sixteen percent of students 

identified that if they were put on the fire at the same time then, oil and water would 

receive the same amount of heat energy. They did not see that the water received 

more heat than oil to change the temperature.  

 

6. Heat exchange 

  

In Question 15, students were asked to predict the final temperature of two 

samples which have different temperature after mixing. Thirty eight percent of 

students were able to predict the final temperature when two samples at different 

temperatures were mixed. About 60% were unable to predict the final temperature. 

However, most of them understood that the final temperature cannot be higher than 

the temperature of two samples before being mixed.  

 

Students were provided a situation that one container of water and a half of 

container of alcohol, which are at the same temperature, are brought into contact 

(Question 16). Only 8% of students held the correct understanding that both water and 

alcohol lose the same amount of heat because water and alcohol were at the same 

temperature, while 41% of students thought that water would lose the greatest amount 

of heat because water contained more heat energy than alcohol and alcohol was colder 

than water. Forty six percent thought that alcohol would lose the greatest amount of 
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heat because the specific heat capacity of alcohol was lower than water and alcohol 

was colder than water. 

 

7. Thermal equilibrium 

  

Students were asked to predict the temperatures of metal and plastic chairs 

which are in the same room (Question 17). Nearly 30% thought that the metal objects 

feel colder than the plastic objects because they are heavier, 7% thought that 

temperature was a property of a particular material or object, 24% thought that metal 

had less heat to lose than plastic. Another 20% of students tried to explain that metal 

objects are colder than the plastic ones because they could absorb more heat than 

plastics. Only 8% of the students held the correct understanding that both metal and 

plastic chairs were in the same surroundings, so they were at the same temperature. 

 

By changing the situation, students were provided with a situation where they 

have stored two pieces of ice, the same material but different sizes, in the freezer for 

an hour (Question 18). Students were asked to compare the temperatures of two 

pieces of ice and gave reasons to support their answers. Only 19% of students were 

able to give the correct prediction and explanation that both of them had the same 

temperature because both of them exchanged heat with the freezer until they were the 

same temperature with the surroundings. Over half of the students gave the correct 

prediction but their explanations did not support their answers. They thought that two 

pieces of ice would reach the same temperature because two pieces of ice made of the 

same material (16%) and two pieces of ice were in the same state (36%), while 28% 

gave the incorrect answer that the temperature of the big ice cube was higher than 

small one because it could contain more cold than the small one.  

  

8. The second law of thermodynamics 

  

When the same amounts of water at 60 °C and alcohol at 20 °C were brought 

into contact, about 22% of students held the correct understanding that heat travels 

from water to alcohol until both water and alcohol are at the same temperature 
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(Question 19). While 35% of students thought that water would lose heat energy to 

alcohol until both water and alcohol had the same amount of energy; 14% thought that 

alcohol would heat up to 40 °C and the water would cool down to 20 °C because the 

specific heat capacity of the alcohol was lower than the specific heat capacity of 

water; and 22% thought that the temperature from water transferred to alcohol until 

both water and alcohol were at 40 °C.  

 

By changing the situation, the students dealt with the thermal interaction of a 

cup of coffee and the room around it. A cup of coffee at room temperature is left in 

the room for a while. They were asked whether, at the end of the interaction, a cup of 

coffee may reach a temperature higher than the room temperature (Question 20). 

Twenty two percent of students held correct understanding that it was impossible 

because the surroundings did not give heat energy back to the coffee after they were 

at the same temperature. They understood that heat transferred by itself only from a 

warmer to a colder body. Fifty eight percent of students gave the correct prediction 

that it was impossible that coffee had become warm but their explanation did not 

support their answer. While 40% of students thought that it was possible thought 

coffee had become warm because temperature differences might occur by themselves 

or the surroundings could gain heat energy from coffee while coffee could gain heat 

energy from the surroundings to become warm. Students did not think that all real 

processes take place by themselves in only one direction.  

    

9. Discussions and conclusions of Students understanding of heat and 

thermodynamics  

  

The findings revealed that most of students held alternative conceptions of 

heat and thermodynamics.  Many students were confused about the concepts of heat 

and temperature and were unable to explain their differences. Some students still 

regarded the words “heat” and “temperature” as being the same things. This study 

result was likely similar to the work by Kesidou and Duit (1993) which pointed out 

students’ difficulties in distinctions between heat and temperature in the extensive–

intensive framework. Additionally, many students held alternative conceptions that 
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heat is dependant on the temperature of the object only because, they believed that 

higher temperature objects would have more heat energy.  

 

An unclear intensive property caused some students to think that specific heat 

capacity depended on the size of objects only. Heat capacity and specific heat 

capacity were often poorly differentiated in a student’s mind as reported by van Roon, 

van Sprange and Verdonk (1994). Many students were unable to predict the final 

temperature when two samples at different temperatures are mixed. However, most of 

them understand that the final temperature cannot be higher than the temperature of 

two samples before mixing.  Students used the formula, Q=mc∆t, to find out the 

amount of heat energy. However, they did not consider the value of specific heat 

capacity as a factor of temperature change of the object. Sometimes, many students 

gave the correct answers but their reasons were unable to support their answers. This 

finding identified that the students were able to use formulae and solve the theoretical 

or mathematical problems, but they did not understand the concepts underlying the 

formulae. Students made sense of the concrete situation, closely relating it to their life 

experiences, but they did not link what they had learned in physics classrooms with 

these experiences.  

 

One of the most important concepts where many students held alternative 

conceptions was thermal equilibrium.  Many of them were able to state the concept of 

thermal equilibrium correctly. However, they do not always consider that objects in 

the same surroundings have the same temperature, when they were given new 

situations, as reported by Tiberghien (1985), Thomaz et al. (1995), and Clark and 

Jorde (2004). These research studies noted that confusion is reinforced by the contrast 

between the cold sensations generated by touching a good conductor such as metal, 

e.g. a pan, and the warm sensation generated by touching an insulator. This is in 

contrast with the Thai context. Many Thai students held the alternative conceptions of 

thermal equilibrium which were caused by the hot sensation generated by touching a 

good conductor and the cold sensation by touching an insulator in the hot day. These 

results indicate that the students have learned by memorizing the concepts without 
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understanding and they faced problems with transferring thermal equilibrium concept 

because their personal experiences resisted the scientific concepts. 

 

The findings showed that students understood the meaning of good insulator 

and conductor materials. However, they still held the alternation conception that a 

material which was good for keeping hot objects warm, could not keep cold objects 

cool as the reported by Lewis and Linn (1994). This view might come from their 

experiences of keeping hot water by using a thermos which is made of metal 

(outside). Additionally, Thai students had difficulties in concepts of insulators similar 

to those of Western students. They thought that particular materials were good for 

keeping hot objects warm and cold objects cool. 

 

The difficulty in learning thermodynamics was that the student did not 

understand the heat flows because of the difference of the temperature of objects. 

They thought that heat exchange would occur until every object had the same amount 

of heat energy. As identified by Kesidou and Duit (1993), students held the alternative 

conceptions that it is possible that coffee had become warm because temperature 

differences might occur by themselves. Students did not think that all real processes 

take place by themselves in only one direction. In contrast, Thai students answered by 

referring to their everyday experience. Thus, half of them gave the correct answer that 

it was impossible that the objects had become warmer when they were at the same 

temperature of the surroundings. However, Thai students still had problems with 

descriptions which could produce detailed and consistent predictions about all the 

features of the system.  

   

The students’ alternative conceptions of heat and thermodynamics are 

summarized in the Table 4.3.  
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Table 4.3  Summary of students’ alternative conceptions of heat and thermodynamics  

in the exploratory phase  

 
 

Heat and Temperature  
• Temperature is something that can be transferred.  
• Cold things can not contain heat. Heat is something which makes an object has a higher 

temperature. 
• Heat energy and temperature are the same because heat is high temperature.  Objects have a 

higher temperature when they are heated. 
• Heat is a sensation but temperature is a variable that can be measured as a scalar number. 
• Temperature is a measure of both low and high temperature but heat is temperature. 

 
Heat energy 

• Objects that have a higher temperature will have more heat energy. 
• Heat energy depends on the specific heat capacity of objects. 
• Two objects that have different sizes (both are of the same material at the same temperature) have 

the same heat energy because both of them are in the same state. 
 

Heat transfer 
• Students responded in terms of heat transfer processes such as absorbing, attracting or catching 

coldness and heat, holding keeping and storing heat and coldness, rather than conduction of heat.  
• The aluminium is hotter than wood because wood has air space (is porous inside) for the heat 

travel through and metal can radiate heat better than wood. 
• Aluminum is hotter than wood because it has higher density. 
•  Metal holds heat better than wood does. 
• Aluminum is hotter than wood because the coldness can flow very fast from the wooden strip. 
• Temperature is transferred from water to the air.  
• Cold moves from air into water in the kettle while the lid is open. 

 
Insulators and Conductors 

• Each material is good for keeping hot objects hot but can not keep cold objects cold. 
• Metals have the ability attract, hold, or absorb heat or cold so that wrapping an object in 

aluminum foil would be excellent for keeping it hot or cold. 
• Some students make good predictions in terms of Styrofoam being a better insulator, but they can 

not give the scientific reasons. 
 
Temperature and Phase change 

• Students think that the density and boiling point of an object have an effect on its temperature change. 
• The temperature of the water will go on rising so long as the heat of the candle remains close enough.  
• If two objects are put on the fire at the same time, they will have the same amount of heat energy.  

 
Thermal equilibrium 
• Two objects will reach the same temperature if they are made from the same material or have the 

same specific heat capacity. 
• If two objects are in the same state, they have the same temperature. 
• Before being stored in the freezer, the two blocks of ice have different temperatures, so after 

being stored they also have different temperatures.  
• Understanding of thermal equilibrium, the process by which two objects initially at different 

temperatures come to a common final temperature, is, therefore, very rudimentary. The students 
do not always consider that objects are in the same temperature surroundings.  

 
Heat exchange 

• Students can not predict the final temperature when two samples at different temperatures are 
mixed. 

 
The second law of thermodynamics 

• Students do not think that all real processes take place by themselves in one direction only. Heat 
travels by itself only from a colder to a warmer body. While the process of changing work into 
heat can take place at a given temperature, one can reverse it to get the work back again. 
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There were five questions in the HTCQL (Questions 3, 13, 16, 18 and 20) in 

which students were asked to make a prediction and select an explanation to support 

their prediction. The graphs of students’ responses of temperature and phase change, 

thermal equilibrium and temperature equalization concepts revealed that many 

students were able to identify the correct answer but their explanations did not support 

for their own answer. The students might answer by referring their everyday 

experiences without understanding scientific concepts. They also had difficulties with 

descriptions which could produce detailed and consistent predictions about all the 

features of the system. 

 

This study recognized Thai students had difficulties in their understanding of 

heat and thermodynamics similar to those of Western students. Thai students also had 

problems with descriptions which could produce detailed and consistent predictions 

about all the features of the system. This study indicated two fundamental ideas about 

Thai student understanding of heat and thermodynamics: students’ understandings are 

supported by the likeness between personal experiences and scientific conceptions, 

and students’ alternative conceptions are reinforced by the contrast between personal 

experiences and scientific conceptions.  

 
- Students’ understandings are supported by the likeness between personal 

experiences and scientific conceptions.  

 

 Students’ understandings about thermal situations came from their 

everyday experiences (Arnold and Millar, 1994). Several students gave the correct 

answer, such as the second law of thermodynamics, by referring their everyday 

experiences. Students were able to understand the scientific concept instinctively 

whenever that concept absolutely made sense with their life experiences. However, 

students still faced problems with giving scientific reasons and consistent predictions. 

For example, in the Question 13, a number of students (66%) were able to predict the 

temperature of water and oil after being heated in the same time.  However, only one 

third of those students were able give the correct explanation that would have oil 
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having a higher temperature than water because the specific heat capacity of oil is 

lower than water. 

 

- Students’ alternative conceptions are reinforced by the contrast between 

personal experiences and scientific conceptions.  

 

 Students held many intuitive conceptions about everyday experiences for heat 

and thermodynamics concepts. For example, the concept of thermal equilibrium did 

not make sense with student experiences in the term of sensations. Then, they did not 

always consider that all objects which were in the same surroundings were in the 

same temperature. They used their sensations to explain things rather than a scientific 

explanation (also see in Nannapat (2003): Yeo and Zadnik (2001). Another example 

is that students thought that heat and high temperature was the same thing. Then they 

did not recognise the mass of objects as the main factor of heat energy. Thus, 

students’ understanding was grounded in everyday experience which was perhaps the 

one reason for students’ alternative conceptions of heat and thermodynamics. 

Importantly, this understanding seemed to be especially resistant to change (Driver, 

1989). 

  

Teaching and Learning Heat and Thermodynamics in Existing Classrooms 

  

  This study examined teaching and learning heat and thermodynamics in 

existing classrooms in high schools. For elicitation of teachers’ ideas of heat and 

thermodynamics teaching and learning, three teachers were in-depth interviewed in 

terms of goals, curriculum, basic concepts, teaching strategies and assessments by the 

interview schedule (see Appendix B) following six weeks of classroom observations. 

Tara, involved in the interviews, was a physics teacher in a special large school, about 

3800 students, and had more than 10 years experience in teaching physics. Soycholn 

had more than 15 years experience in teaching physics in a special large school, about 

2500 students. The other teacher is Natee, who had 4 years experience in teaching 

physics in a large school size, about 1200 students. From the interviews and 
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observations, teachers’ views of teaching and learning heat and thermodynamics were 

clarified and the details are discussed in the next section.  

 

1. Teachers had transmission view of heat and thermodynamics teaching and 

learning. 

 

  From the observations, the teacher’s lesson structure was consistent with a 

lecture style, starting with giving meaning of heat and temperature and its unit, giving 

the formulae, then giving examples of theoretical problems and finally doing 

exercises, rarely doing experiments. Teachers talked about how they taught in some 

concepts of heat and thermodynamics which revealed that in the teachers’ view, 

knowledge can be transferred directly from them to their students. For example: 
 

In the case where the metal is heated, I would talk about specific heat capacity 

by showing the table [of the value of specific heat capacity of materials]. 

From the number or value of specific heat capacity, students would see that 

each solid has different specific heat capacity. (Tara) 

 

I would introduce by the explanation of Boyle’s and Charles’s law. Then I 

derived the laws of gas from Boyle’s and Charles’s laws and told students the 

main concept. I had not prepared any teaching materials. (Soycholn) 

 

During discussions on the experiment aspect, two of three teachers accepted 

that they hardly did the experiment. Their reasons were lack of resource materials, too 

much physics content, and too many students in a classroom, more than 50 students a 

classroom. 
 

I had never done any experiments, but I gave some examples from everyday 

life, in the case of boiling water or refrigerator, didn’t talk about how it 

worked, but explained that when inside refrigerator is getting colder but  

outside is getting hotter…really, what I emphasized was finding out the final 

temperature of the mixed things… (Tara)  

 

jennifer buckle
See note 2



 98

  Another teacher who had 25 students in a physics classroom explained that she 

liked to lecture and show students the variables of each equation, what C, Q, L refer 

to, and what formulae students should use in each problem and help students to solve  

mathematical equations. The teacher taught heat and thermodynamics as solving 

theoretical problems, on the other hand, she held the belief about teaching and 

learning that students could learn best from experiments and the real things.  She 

thought that students were able to make sense more easily. Thus she led students do 

an experiment of changing the state of water in the unit. This experiment was done 

after the teacher had taught that concept by lecture. That means students did this 

experiment to confirm the validity of a theoretical concept.  

 

2. Transfers and applications of concepts of heat and thermodynamics were 

often neglected. 

 

 Teachers were asked to explain about teaching of the application of heat and 

thermodynamics concepts. One teacher said that: 

 

About applications of thermodynamics…Is it about refrigerator? I didn’t read 

the textbook. I accepted that I was weak in this point, applications. About the 

content, I emphasized that students had to know how to calculate from the 

given problem. I did not teach student how to apply the concept. I did not 

emphasize an application. (Natee) 

 

 The reason a teacher gave for not introducing transfers and applications of 

heat and thermodynamics was that the examination did not focus on applications. So 

she thought that it was not necessary to teach about application. 

 

I did not teach any applications of heat and thermodynamics such as the 

principle of the refrigerator. I did not go in depth like that. I talked about ∆Q, 

∆W, and ∆U…I explained only basic concepts from the formulae.... (Tara) 
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 Another reason a teacher gave for not introducing transfers and applications of 

heat and thermodynamics was time constraints. Thus they rarely introduced this 

application to students. Apparently, teachers’ ideas of applications of thermodynamics 

were referred to the refrigerator only. They thought that this application was too 

difficult and complicated for the students.   

 

3. Concepts of thermodynamics were skipped. 

   

  All of teachers spent just short time, two weeks or six to eight hours, to 

implement the HTLU. As a teacher said: 

 

I emphasized only the calculation. When I taught, I specified that how many 

items of this topic [heat and thermodynamics]. If there were a lot of items, I 

would spent quite lot of time, if there were just few items, I would spent short 

time. It might not follow the principle. My aim was different for IPST’s but 

there were no problems. The number of students who could pass the university 

entrance examination was increased every year. I just emphasized on the 

demand. (Soycholn) 

 

  Most of the answers about their views of heat and thermodynamics teaching and 

learning referred to the concept of heat and temperature rather than thermodynamics. Two 

of three teachers revealed that:  
 

This year, I did not teach thermodynamics, same as last year, because 

thermodynamics is not usually taught to students. (Natee) 

I accepted that I did not teach thermodynamics in depth…because 

thermodynamics was normally taught at the end of the semester. Then I did 

not focus on it. (Tara) 

 

  The reasons teachers gave for omitting concepts of thermodynamics were 

overloaded physics content and time constraints. In the view of all  the teachers, 

thermodynamics is not an important concept because it has very low proportion in the 

university entrance examination test compared to other topics of physics. Only the 
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calculation of the final temperature of the mixing of two samples at the different 

temperatures was common in the test. For this reason, the instruction of heat and 

thermodynamics had spent less than six periods for Heat and Thermodynamics Units, 

ten periods less than that suggested in the IPST textbook.  

  

4. The value of heat and thermodynamics concepts was seen in terms of 

theoretical problem-solving.  

 

 To discover their ideas of heat and thermodynamics teaching and learning, the 

three teachers were asked about their goals for energy teaching and explanations of 

the reasons for heat and thermodynamics learning. They all explained that their 

teaching of heat and thermodynamics emphasized the calculations of the given 

problems which were from the university entrance examination. As a teacher said 

about his goal for teaching directly:  

 

Students need to be able to think, don’t need to be able to do. ‘Be able to 

think’ means students knew steps to calculate the final temperature of the 

mixing thing and students were able to image the movement of heat energy 

and thermal equilibrium. I did not focus on applications. I focused only on the 

entrance examination. (Soycholn) 
 

 All teachers thought heat and thermodynamics was not difficult. The students 

also had learned this topic in Grade 9 then they were able to understand the basic 

concepts such as heat transfer and phase change, including heat capacity and latent 

heat. Then learning heat and thermodynamics in Grade 11 focused on the calculation 

of the complex problems only. So they preferred teaching physics as mathematics 

equations. 
 

The learning outcome is students know the meaning of heat first. But most of 

my teaching emphasized calculation. Such as when we talked about heat, it 

must have temperature… then I would ask students from the given system that 

what would happen and how to calculate it. (Natee) 

  

 



 101

Apparently, in the context of Thai education, most of the teachers who taught 

at high school level were expected to support their students to succeed in university 

entrance examinations. From observations, the teacher spent most of their teaching 

time to emphasize using formulae and solving mathematic equations. All of the tests 

assessed students’ abilities in using formulae rather than assessing student’s 

conceptual understandings of heat and thermodynamics. All of teachers teach physics 

as theory and formulae because their goal of teaching was that students would be able 

to do well on the calculations. Many students passed and entered the university, which 

confirmed that the teaching by lecturing was an advantage for helping students to pass 

the university test. This emphasis had a large influence in learning of the real concept 

which could only take a short time and was not seen useful for the students in their 

assessments. Neither teachers and nor students recognized the hidden problems of 

using physics formulae without understanding.  

 

 In short, physics teachers held the strong belief that teaching to solve problems 

and use formulae was of the most importance for students. They preferred teaching 

physics as the mathematics equations. Doing experiments was very difficult for them 

because they did not have sufficient equipment. Teachers did not consider that 

knowledge and experience of applications would help students become more 

interested in physics and may even help in terms of relevance and understanding but 

they felt there were too many constraints. Thus, in their instruction of heat and 

thermodynamics they preferred to use lecturing and assigning students mathematical 

problems to solve, rather than learning by doing, investigating, demonstrating, and 

brainstorming.  

 

Investigation of Student Interests Involving Contexts  

of Heat and Thermodynamics 

  

Doing the research based on the constructivist view of learning, student 

experience and interest in the context of heat and thermodynamics were investigated 

as an important factor for context setting. As has been reviewed in Chapter II, the 

guidelines for designing contextual settings, the contexts should be matched with 
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science content and capture the student imagination. Importantly, the contexts should 

be mapped out and designed cooperatively with students. To create such contexts, 

student interests were investigated from 154 students, 80 girls and 74 boys, from three 

classes of three high schools in Bangkok by using Heat and Thermodynamics Interest 

Questionnaire (HTIQ). This investigation sought to identify the contexts of heat and 

temperature that students might be interested in and to generate general patterns of 

contexts using those interests. The data from the survey also had been analyzed to 

identify the contexts by comparing student’s interest between and within context 

groups and finding general patterns of the context that are considered to be interesting 

by students. The details of these topics are described in the next section. 

 

1. Interest level  

  

The level of student interest (1-5 scale) is shown in Table 4.4. Students 

appeared to be very interested (means greater than 3.30) in the contexts of Thermal 

Imaging Cameras, Global Warming and Greenhouse Effect,  Aircraft Machines, Solar 

Cooking, Different Planet: Different Temperature, Fire Walking, Maintaining Body 

Temperature, and Keeping Cold: Keeping Warm.  The Thermal Imaging Cameras is 

the most interesting topic which has a mean of 3.72 with 71% of the students being 

interested. Students lacked interest in the contexts of Mapping Today's Weather, Sea - 

Land Breezes, and Thermostats.  

 

Table 4.4  Ranking of students’ interest in contexts of heat and thermodynamics  

(n=154) 

level of interest (%) 
Topics 

  Not 
Interested Not Sure Slightly  

Interested Interested Very 
Interested 

  
Mean 

Maintaining Body Temperature 8 5 41 40 6 3.32 
Choosing your Cooking 
Appliances 14 11 28 38 10 3.19 

Keeping Food Cool 10 14 27 37 12 3.28 

Keeping Cold: Keeping Warm 12 11 27 38 13 3.29 

Coolness in the Home 16 10 18 44 12 3.24 
Global warming and Greenhouse 
effect 3 5 31 47 15 3.67 
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Table 4.4  (Continued) 

level of interest (%) 
Topics 

  Not 
Interested Not Sure Slightly  

Interested Interested Very 
Interested 

  
Mean 

Solar Cooking 14 9 14 44 20 3.47 

Weather and the Earth's surface 17 12 22 31 18 3.20 

Mapping Today's Weather 18 17 25 31 10 2.99 

Fire walking 13 8 24 36 18 3.38 
Different Planet: Different 
Temperature 10 10 25 34 21 3.45 

Sea and Land Breezes 25 19 25 27 5 2.68 

Solar Radiation 18 18 7 48 10 3.15 

Heat and Friction 24 16 7 41 12 3.00 

Microwave Oven 15 12 31 34 8 3.08 
Hot–air Balloons 16 10 30 31 13 3.14 

Thermal imaging cameras 9 5 14 47 24 3.72 

Aircraft machines 10 9 21 38 21 3.53 

Building and Expansion 16 8 28 35 13 3.21 

Thermostats 23 8 35 23 11 2.91 

              

 

Students suggested some very interesting contexts for heat and 

thermodynamics, for example, heat the living-born such as chicken, heat from 

welding metal, volcanoes, and hot springs, heat from our breath, heat and 

perspiration, heat in space, the effect of temperature on infections, and heat under the 

oceans. They also expressed many questions concerning heat, for example, How does 

the baby oven work? Why does oil splash from the pan when it contains some water? 

Why can some kinds of animal live in a desert? When we take a bath by using warm 

water, why does our skin become dry? and Why does the car machine get hotter when 

we are driving? 

 

2. Comparisons of student’s interest between and within context groups 

 

The level of student interest is compared between groups of context by the t-

test value. The result as in Table 4.5 shows no significant differences between 

students’ interests in each context group, see in Chapter III. It seems as if the context 
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group, such as technology or natural phenomena, does not influence student interests. 

Interestingly, comparisons of student interests within context groups show that there 

are some significant differences between students’ interests in each context group. For 

example, in the environmental contexts group, there is significant difference in 

student interest between Global Warming-Greenhouse Effect and Mapping Today's 

Weather. In the natural phenomenal context group, many students are very interested 

in Fire Walking and Different Planet: Different Temperature but lack interest in Sea 

and Land Breezes which has a mean of 2.68 with only 32% of the students being 

interested. In the technological context group, many students are very interested in 

Thermal Imaging Camera and Aircraft Machines but lack interest in Thermostats. 

From the comparisons of student interests within the context group of everyday/local 

contexts, t-test values show that there is no significant difference between topics in 

everyday/local contexts. The percentage of students who are interested in each topic is 

in the range 46-55%.  

 

Table 4.5  Comparisons of student interests between context groups 

 
Comparison of contexts S.E.D. t 
 
Everyday/Local Contexts &  Environmental Contexts  

 
0.064 

 
-1.103 

Everyday/Local Contexts &  Natural World Contexts  0.063 1.475 
Everyday/Local Contexts & Technological Contexts  0.059 -0.026 
Environmental Contexts & Natural World Contexts  0.069 2.377 
Environmental Contexts & Technological Contexts  0.065 1.072 
Natural World Contexts & Technological Contexts  0.062 -1.510 

 
 
3. General patterns of students’ interest context  

 

From this result, it seems as if interesting in the each context depends on the 

context itself, not on the context group or type. General patterns of contexts which 

interest students are considered. The reasons why students may or may not be 

interested in particular topics are categorized. These general patterns of context are 

discussed below. 
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3.1 Effect on student life 

 

 The global warming context is an interesting topic because students have 

heard about it and it shows how science works within a social setting. Many students 

(62%) are interested in this topic. Their reasons relate to the effect of global warming 

on their own life and the Earth such as: 

 

Want to know the cause of global warming and the ways to solve this 

problem; 

Want to know how to prevent this problem (global warming); 

It deals with our life and our environment; 

It has effects on our world in the future; 

It has direct effects on the Earth and humanity; 

It is going to be the big problem. 

Another context is Building and Expansion, where students comment that:  

It (effects of expansions) may be cause the big damage to people and their 

property;  

Buildings need to be safe first.   

Conversely, from the same context group, students lack interest in the context of 

Mapping Today’s Weather because this context does not have any big effect on their 

life. For example: 

It’s good to know the weather before we go on a trip; 

It’s too simple … not interesting; 

I knew before. It depends on the topography.  

 

3.2 Saving Energy 

 

 Sixty two percent of students are interested in solar cooking. Most of 

them think about the “replacement” and “saving energy”, for example,    

The energy from sunlight is unlimited energy. 

It can save energy and replace consuming oil and gas. 

Well, there is much sunlight all the times. 
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Interestingly, if student interests between Solar Cooking and Refrigerator are 

compared, students are more interested in Solar Cooking than Refrigerator. More than 

50% of students are not interested or slightly interested in the refrigerator because 

they are not familiar with it and do not feel a need to know about it. However, some 

of them appeared to be interested in Refrigerator from the view of saving energy. 

 

3.3 Useful and Applicable in their Daily Life 

  

Another reason for student interest is that a context can be useful and 

relate to their daily life such as Coolness in the Home, Choosing your Cooking 

Appliances, or Keeping Food Cool.  

We can apply to use it in daily life. 

If we know the way to use it (cooking appliances) properly, we can use it for a 

long time and safely. 

My house is very hot. It is very interesting to make it colder. 

Because we will know how to use and keep it (air conditioner) properly so we 

can use it for longer. 

It can save the peoples lives. 

However, students are not interested in this group of contexts (every day /local 

contexts) as much as they should be because they feel familiar with them and have no 

questions about them.  

 

3.4 Finding How Things Work 

  

 Especially, in the context of technology, students are interested in how 

things work and they have their own the further questions such as:  

I want to know about the working system and how it (Thermal Imaging 

Camera) tells that which place is hottest; 

I wonder how thermal imaging camera works and how it detects the heat 

without touching the hot thing and how to change the heat to become pictures; 

I wanted to know the principle of Aircraft Machine and it may use in many 

principles (complication) and its components;  
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It may be modified to fly higher and faster; 

How the refrigerator makes the coldness; 

I wanted to fix it when it (Refrigerator/Thermostat) is broken; 

After I learn how to do solar cooking, I will do it by myself.  

 

3.5 New Knowledge and Technology 

  

The Thermal Imaging Camera is the most interesting topic because it is a 

new device for Thai students. They have never learned about this topic before so it is 

a new technology and more attractive for them if compared with other devices such as 

Hot-Air Balloons or Microwave Ovens.   

I want to know about new technology. 

Good, it is a technology device that can be used in reality. 

May be we can use it in the military or to protect from theft. 

May be we can invent robots to help people from fires instead of fire-fighters. 

 

3.6 Unbelievable Events to Capture Student Imaginations 

  

The questionnaire responses show that students are interested in the 

things that they are unfamiliar with such as Fire Walking and Different Planet: 

Different Temperature. They wonder whether they really occur or are just a magic 

show. 

Are there any tactic? (Fire Walking) 

Just some people could do it… unbelievable? 

Unbelievable... I would like to know why it can happen. 

Because I have seen that the white bear can live at the North Pole. It is very 

amazing. 

Some contexts can capture student imaginations and they feel more interested in the 

context such as:  

I like about galaxy and astronomy; 

I wanted to know why each planet has the different temperature and I also 

wanted to know if there are any animals or living things in other planets;  
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May be we can go to live in other planets; 

’Cause I want to be an engineer [Building and Expansions]. 

 

3.7 Answer is Unknown 

  

 In some cases, students wonder about something but they have not had a 

chance to prove it or they are not sure if what they know is true or not, even if these 

are not new things for them. Students asked about the context of Keeping Cold: 

Keeping Warm, and Fire Walking.  

I want to know the truth. They try to deceive us or it is a special ability. 

Each person has their own answer so we should prove it. 

I think it is great fun. I think the snow man should not be wearing the sweater 

because it will be melt. We should prove it. 

’Cause I do not know who I should believe, but I think that the snow man 

should not be wearing sweater.  

I want to do the experiment. 

Conversely, some students lack interest in some context because they think that they 

already know the answer, for example:   

 I think it (Fire Walking) deals with mind power; 

Just turn on a switch … then electric energy will make heat (Microwave 

Ovens).  

 

4. Conclusions of student interests 

 

The surveys have proved useful for discovering student interest in the contexts 

of heat and thermodynamics. The findings revealed that students appeared to be very 

interested in contexts of Thermal Imaging Cameras, Global Warming and Greenhouse 

Effect, Aircraft Machines, Solar Cooking, Different Planet: Different Temperature, 

Fire Walking, and Maintaining Body Temperature, and lacked interest in the contexts 

of Mapping Today's Weather, Sea-Land Breezes and Thermostats. Students’ interest 

in each context depends on the context itself, not on the context groups or types. 

Students are interested in the contexts which have an effect on their student life, can 
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be useful and applicable in their daily life, and deal with saving energy. They are also 

interested in finding how things work, especially in new technology. Many of them 

are very interested in unbelievable events and those contexts captured their 

imaginations. Interestingly, students suggest many topics both familiar (e.g. heat from 

our breath, heat and perspiration) and unfamiliar (e.g. heat from volcanoes and hot 

springs) to them. So the main reason for their interest is based on that they have or 

have not known. 

 

Summary 

 

The findings revealed that most of 214 high school students from the three 

schools held alternative conceptions of heat and thermodynamics. Many students 

were confused about the concepts of heat and temperature and were unable to explain 

the differences between heat and temperature. Some students still regarded the words 

“heat” and “temperature” as being the same things. An unclear intensive property 

caused some students to think that specific heat capacity depended on the size of 

objects only. Heat capacity and specific heat capacity were often poorly differentiated 

in the student’s mind. In addition, many students were unable to predict the final 

temperature when two samples at different temperatures are mixed. The findings 

showed that students understood the meaning of good insulator and conductor 

materials. The difficulty in learning thermodynamics was that the student did not 

understand the heat flows because of the difference of the temperature of objects. The 

students might answer by referring to their everyday experiences without 

understanding scientific concepts. This investigation also revealed that students held 

many intuitive conceptions about everyday experiences for heat and thermodynamics 

concepts. Two fundamental ideas of students’ learning were generated: 1) Students’ 

understandings are supported by the likeness between personal experiences and 

scientific conceptions, and 2) Students’ alternative conceptions are reinforced by the 

contrast of their personal experiences and scientific conceptions.  

   

Student difficulty in understanding heat and thermodynamics might come 

from teaching and learning in the classroom. The observations and interviews 
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revealed teaching and learning heat and thermodynamics in existing classrooms in 

high schools was in the traditional approach by mostly using lecturing as the main 

instructional method. The teachers focused on using formulae to solve mathematical 

problems which were in order to help students to pass the university test rather than 

learning by doing, investigating, demonstrating, brainstorming, etc. Often, the 

concepts and applications of heat and thermodynamics were omitted in the existing 

classrooms. However, neither teachers nor students recognized the hidden problems 

of using physics formulae without understanding. The result from the HTCQ was 

evidence that students’ understanding of heat and thermodynamics needed to be 

developed.  Based on two fundamental ideas of students’ learning from these findings, 

it is indicated that heat and thermodynamics concepts should be presented along with 

thermal situations to enhance student understanding. 

 

  In the next chapter, there are the discussions on the design and development of 

Heat and Thermodynamics Learning Units, a learning intervention designed to 

promote scientific understanding of heat and thermodynamics for Thai students. The 

design of the learning intervention for the heat and thermodynamics was guided by 

the findings from the exploratory phase in three concerns; 1) the teacher’s views of 

teaching and learning, 2) students’ alternative conceptions, and 3) contexts of heat and 

thermodynamics where students showed some interest.  

   

 
 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER V 

 

THE DEVELOPMENT OF HEAT AND  

THERMODYNAMICS LEARNING UNITS 
 

Introduction 

   

 This chapter discusses the development of the learning intervention called the 

Heat and Thermodynamics Learning Units (HTLU), which aims to enhance students’ 

learning and understanding of heat and thermodynamics. The findings of the 

exploratory phase of this study, students’ understanding and students’ interests 

involving the context of heat and thermodynamics, are regarded as fundamental data for 

the development of the HTLU and are discussed in the first section as the guiding 

principles of the HTLU. The next section presents the learning sequence in a contextual 

approach as an alternative learning approach for developing students’ learning of heat 

and thermodynamics. The process of the intervention design and development is then 

described. This comprises learning outcomes clarification, the organization of content 

and selection of appropriate contexts, design of learning activities and learning 

materials, and revisions. The last section of the chapter is a summary of the learning 

activities in each lesson plan of the HTLU.  

  

Guiding Principles of Heat and Thermodynamics Learning Units 

  

 The guiding principles of the learning intervention were developed based on 

the theoretical framework set out in Chapter II and the findings of the exploratory 

phase of this research (see Chapter IV). Social constructivism and situated cognition 

as learning theories and the idea of a contextual approach formed the theoretical 

framework of this research. They underpin the guideline principles for the design of 

the units to guide the development of students’ understanding and learning. These 

principles are detailed next. 
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1. Theoretical framework of the learning intervention 

   

The learning intervention is based on social constructivist and situated 

cognition views of learning which emphasize constructing knowledge and learning in 

a range of contexts.  

 

The characteristics of the social constructivist view of learning are: 

- Learners actively construct their own understanding; 

- New learning depends on current understanding; 

- Learning is facilitated by social interaction; 

- Learning takes place in authentic tasks.  

 

The characteristics of the situated cognition view of learning are:   

- Generate linkage of experiences with specific contexts; 

- Practice in thinking in realistic, life-like situations;  

- Apply knowledge in various contexts;  

- Encourage exploration and diversity of perspectives. 

 

Activities consistent with these two views of learning need to:  

- Encourage learning actively; 

- Provide learning through multiple contexts by transfer of learning from one 

situation to another; 

- Provide the opportunities for students to relate their experience with a learning 

activity; 

- Enhance learning by presenting concepts in the context that the students are 

familiar with;   

- Encourage learning through interaction with other students in cooperative 

work. 

  

The main purposes of the heat and thermodynamics learning units are to 

encourage students to learn about heat and thermodynamics actively and enhance 

their understanding through multiple contexts. The units provide the students with 
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opportunities to learn in a concrete manner, in physical or hands-on activities, and in 

interaction with other students through group study. Learning activities were prepared 

for motivating students’ learning through contexts of hands-on activities (authentic 

tasks), and discussions and encouragement working in groups. 

 

2. Linking to findings from the exploratory phase of this research  

  

This intervention focuses on addressing students’ difficulties in understanding 

heat and thermodynamics concepts and creating appropriate contexts for the students. 

The design of the intervention took account of the background of Thai students. 

Student alternative conceptions of heat and thermodynamics were explored and 

became the frame for redressing the mismatch between students’ understanding and 

scientists’ concepts of heat and thermodynamics. The selection of contexts for 

teaching was based on student interest from the discovery of general patterns of 

contexts that were considered interesting by Thai students from the exploratory phase. 

These patterns were useful for creating new contexts of heat and thermodynamics in 

the learning intervention. The design of the learning intervention for the heat and 

thermodynamics was guided by three concerns: 1) the teacher’s views of teaching and 

learning; 2) students’ alternative conceptions; and 3) contexts where students showed 

some interest in the topic.  

 

In the teachers’ views, student ability to solve theoretical and mathematical 

problems is the main objective of teaching and learning heat and thermodynamics. 

Using formulae did not lead to developing conceptual understanding. That means 

even though students were able to use formulae and solve the theoretical or 

mathematical problems, they did not understand concepts underlying the formulae. As 

a result, students still preferred to use non-scientific ideas to explain the thermal 

situation and could not use the appropriate concept to explain when the context had 

changed.  Hence the intervention should emphasize the areas listed below.   
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1. Student’s conceptual understanding should be developed before asking them 

to solve theoretical or mathematical problems, since many students faced difficulties 

and explained an event by using wrong concept principle.  

 

2. The intervention should consider that concepts of thermodynamics are as 

important as the other concepts in heat and thermodynamics because all processes of 

thermal interactions are necessarily explained by using the laws of thermodynamics.  

 

3. The new approach should address student prior knowledge of heat and 

thermodynamics. From the first fundamental idea: Students’ understandings are 

supported by the likeness between personal experiences and scientific conception; it 

is noted that the students already have their ideas of thermal situation before they get 

into the classroom. The new learning approach should have more emphasis on helping 

students to build up the scientific concept from there. 

 

4. Learning heat and thermodynamics concepts should come with thermal 

contexts. From the second fundamental ideas: Students’ alternative conceptions are 

reinforced by the contrast between personal experiences and scientific conceptions; 

we recommend that teachers should teach heat and thermodynamics concepts along 

with thermal situations or student experiences and then identify contrasts and 

comparisons between them until students clearly understand how the concept 

describes those situations.  

 

5. The intervention should introduce heat and thermodynamics with the various 

contexts. An understanding of student prior knowledge is useful in providing 

appropriate situations and effective pedagogies. Multi-contexts should be used to 

introduce and explain heat and thermodynamics concepts so student can be better 

understand the concept and see how the concepts are transferred and applied.  

 

6. The intervention should encourage students to express their ideas by using the 

technical terms and concepts for an event consistently in order to improve student’s 

transfer of heat and thermodynamics concepts through learning actively. 
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7. To develop student understanding of the differences between heat and 

temperature, the teacher should help students to recognize that mass is also an 

important factor of heat energy. The terms of intensive and extensive quantities 

should be explained to students. These terms will help students more clearly identify 

the differences between heat and temperature. This idea is similar to the work by 

Kesidou and Duit (1993) when the extensive–intensive framework was used as 

criteria to point out students’ difficulties in the distinctions between heat and 

temperature. Perhaps, intensive and extensive quantities could help student 

understand the differences between heat capacity and specific heat capacity. 

 

Learning Sequence with a Contextual Approach 

 

 This section shows the four steps in the learning sequence (see Figure 5.1) for 

a lesson plan that adopts a contextual approach. In this approach, real life contexts or 

other concrete things are introduced to the students before the core physics content to 

help motivate students to relate subject matter content to real world situations. 

Teachers support students in identifying the scientific concepts in the various 

situations. To do this teachers make the process visible to the student, provide and 

discuss the common aspects found in the diversity of situations and then assist 

students to apply the concepts to new contexts. The details of the steps in the learning 

sequence are set out in the Figure 5.1 and discussed in more detail next. 

 

 

 
 
 
 
 
 

 
 

Figure 5.1  Flowchart of the learning sequence with a contextual approach 

Source: Adapted from, The Victoria University of Wellington of Education   

Mathematics/Science Colloquium (1996; cited in, Hipkins and Arcus, 1997) 

Context   
Concrete 

 Application 
Abstract 

1. Start with a context 2. Investigate through the context 

3. Identify concepts through activities  
4. Apply concepts to new contexts 
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Step 1:  Start with a context 

  

In the contextual approach, a lesson starts with a context to focus students’ 

attention on the learning situation (similar to Jones (1987); focusing stage). This 

means the context is introduced before the physics content is taught. A context can be 

established in terms of everyday situations, fantastic events, real things, and or 

technology that relates to students’ experience. Generally, each lesson plan will set a 

different context of learning depending on the learning outcome of the lesson. 

Learning each concept, the students are provided with two or three situations so as to 

encourage them to ask questions and provide further information. In this step, 

students’ prior knowledge can be elicited through brainstorming, discussion or testing 

which can help them to see the value of the context and help them see how it relates 

to their life and experiences. Hence, students learn to analyze different perspectives 

on the particular context, test their ideas, and eliminate conceptions that lack 

predictive power.  

 

Step 2: Investigate through the context-based problem 

  

In this step, students are encouraged to answer questions or solve problems 

that they have faced in Step 1 by experiment, demonstration, reading assignments, 

group and class discussions of the reading assignments, and or working through 

examples or exercises. This step helps student to link between the context and science 

concepts which can be used to explain or solve the problems inherent in that context. 

Group discussion and presentation can encourage students to exchange their ideas. 

Beside this, activities should encourage students to learn by doing or by designing the 

experiment, observations, recording experimental data and analyzing data.  

 

Step 3: Identify concepts through the context 

 

Identifying the concept from the context is the most important step of the 

contextual learning approach. In this step the teacher encourages students to report 

the results of their investigations back to the class, and to discuss and make 
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summaries of the physical concepts involved through the discussion among 

themselves. After they are taught the conceptual understandings that underlie the 

formulae/ the phenomena, students are encouraged to solve the theoretical or 

mathematical problems and to explain the thermal phenomena. Students now more 

readily make the connections between the formulae, the concept and its practice in 

real life contexts.  

 

Step 4:  Apply concepts to new contexts 

  

In this last step students are presented with new contexts which correspond with 

the concept they have learned. They are encouraged to express their ideas using the 

technical terms and concepts to explain events in the new context. They then take an 

end-of-lesson test to evaluate their progress where this involves their being given one 

or two more situations to practice. Thus the lesson is complete when the students are 

encouraged to extend a concept into at least one new context.  

 

The HTLU Design and Development Process 

 

 The intervention was designed during February – August 2005 and suggestions 

were offered by four experts; one physicist and three science educators. The guidelines 

for developing the intervention based on the exploratory phase and the HTIQ results, 

students’ difficulties in understanding of heat and thermodynamics were taken into 

account, including awareness of students’ interest in contexts involving heat and 

thermodynamics. The development of the heat and thermodynamics learning units 

(HTLU) is described in the following steps. 

 

1. Learning outcome clarifications 

 

The research studied the guidelines of the development of school science 

program from the National Science Curriculum Standards (IPST, 2002) in terms of 

the scope of heat and thermodynamics for Grade 11 physics.  The HTLU was 

designed to cover the entire expected learning outcome of IPST shown in Table 5.1.  
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Table 5.1  Expected learning outcomes of heat and thermodynamics 

 
    Topics Learning Outcomes 

Heat and Temperature • to define temperature and distinguish it from heat energy. 
• to describe and use the Celsius and Kelvin temperature scales and 

covert from one system to the other.  
Heat Transfer • to explain conduction, convection and radiation of heat energy. 

Insulators and 
Conductors 

• to explain that different materials conduct heat at different rates. 
• to select the materials for keeping hot things warm or keeping cold 

things cool. 

States of Matter and 
Changing State 
 

• to describe that when a substance changes state, it will receive or 
evolve heat energy without changing its temperature. 

• to define melting, freezing, condensation, evaporation. 
• to describe that every substance melting point is equal to freezing 

point and the temperature of boiling point is equal to temperature at 
condensation point. 

• to explain the graph between temperature and time of the changing 
state from solids to gases. 

Latent Heat and 
Specific Latent Heat 

• to define latent heat, specific latent heat and calculate relative 
quantities from given situations. 

Heat Capacity and 
Specific Heat Capacity 
Heat Exchange 

• to define heat capacity, specific heat capacity and calculate relative 
quantities from given situations. 

• to do the activity and be able to conclude that heat energy can be 
changed from kinetic energy form and this energy change follows the 
law of conservation of energy. 

Thermal Expansion of 
Liquids and Solids 
 

• to explain the expansion of objects and its effect on building and 
constructions. 

• to calculate the linear expansion of a solid due to a change in 
temperature. 

Ideal Gas Laws 
- Boyle’s law 
- Charles’ Law 
- Guy-Lussac's law  
 

• to conclude from the experiment that for a fixed mass of gas, at 
constant temperature, pressure is inversely proportional to volume and 
identify that this conclusion is called Boyle’s law.  

• to conclude from the experiment that for a fixed mass of gas, at 
constant pressure, volume is directly proportional to absolute 
temperature and identify that this conclusion is called Charles’ law.  

• to combine Boyle’s law and Charles’ law into the ideal gas equation. 
Kinetic Theory of Gas 
- Model of ideal gas 
- Pressure and 

average kinetics 
energy of gas 

- Velocity of 
molecules of gas  

 

• to explain characteristics of the movement of molecules, model of 
ideal gas and pressure of gas within a closed system by using model 
of ideal gas. 

• to describe the relation between  absolute temperature and the average 
kinetic energy of molecule of gas  and use this relation to calculate 
relative quantities from given situations.  

• to explain the relation between pressure volume and velocity of 
molecule of gas and use this relation to calculate relative quantities 
from given situations.  

•  
Internal Energy of the 
System 

• to explain the internal energy changing of system by using kinetics 
theory of gas and the law of conservation of energy. 

• to explain daily life situations by using kinetic theory such as 
changing phase, heat transfer, conduction and convection, etc. 
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2. Concept digestions and selecting appropriate contexts 

 

In the development of the HTLU, most content was ordered in the usual 

arrangement of the heat and thermodynamics content found in most syllabuses, then a 

real-life context was chosen for the associated content. Focusing on the contextual 

approach, one concept is taught through more than two different real-life contexts. This 

has the advantage of providing more practice for students to make links across different 

contexts. By using contexts, the units aim to motivate students to learn by increasing 

their interest in physics. The learning material in each lesson is set within a real-life 

context: for example; 1) the concept of Internal Energy is taught through the 

consideration of how car and rocket engines work; 2) Boyle’s Law is taught through a 

discussion of SCUBA diving; and 3) Ideal Gas Laws are taught in the context of 

cooking on the mountains. The flowchart of the sequence of concepts and contexts 

which were used in the HTLU were shown in Figure 5.2. 
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can involve 

Global Warming 
and Greenhouse 

Effect 

Underwater: How 
do humans dive 
under the sea? 

mass 

thermal expansions 

Different Planets: 
Different Temperatures: 
Why has each planet  a 
different temperature? 

latent heat 

depends on 

                 means: leads to                         means: relates to

Hot Air Balloons: 
How do you make 
your own balloon? 

Refrigerator: 
How does it 

work? 
heat exchanges 

kinetics theory of gas 

speed of molecule of gas 

average kinetics energy 

Maintaining Body 
Temperature: How does 

our body maintain a 
constant temperature? 

Cooking On the 
Mountains: Is it easier 

or more difficult? 

thermal conductivity 

thermal equilibrium 

changing states 

absolute temperature Charles’ law Boyles’ law 

ideal gas law 

explains 
Temperature 

Probing Your 
Surroundings 

Expansion of the 
Oceans and 

Constructions: Is it 
dangerous or not? 

Fire Walking: How 
do many people 
walk across fire 

without damage? 

Plants and Animals 
in Deserts: “How do 
living things live in 
the hot weather?”  

Car and Rocket 
Engines: How 
do they work? 

Increasing of the 
Earth’s Temperature 

radiation 

convection 

conduction 

insulation 

results causes 

causes 

Various objects: 
Where does heat 

come from?

Heat Sources  

Heat 

drives 

explains 

can involve 

explains 

explains 

heat capacity 

120 Figure 5.2  Flowchart of sequence of concepts and contexts in the heat and thermodynamics learning units 

 



3. Designing learning activities and learning materials  

 

The HTLU consists of context-based learning material which provides the 

specific contexts needed to match the appropriate learning strategies. Various 

techniques of teaching and learning; questioning, brainstorming, discussing or testing, 

are provided. Additionally, students are prepared to learn in a concrete manner, in 

physical, experiments, demonstrations or hands-on activities, and interaction with other 

students through group study. Each lesson plan provides the information necessary for 

dealing with the contexts or situations in that lesson through the reading assignments. 

Most of the experiments, demonstrations or hands-on activities are designed to use the 

simple fundamental laboratory equipment and things around us. Using simple 

equipment aims to help students to see how physics concepts relate to their everyday 

life and help the teachers to understand that setting the experiments are not difficult and 

the things around us are also useful in learning physics.  

 

4. Revisions 

 

The meeting was set up for the physics teachers who would implement the 

HTLU, in October 2005 at the Faculty of Education, Kasetsart University. In the 

meeting, the teachers were presented with the findings of the exploratory phase 

involving the student understanding of heat and thermodynamics, aims of this research 

and the guideline principles for developing the learning intervention. Content, learning 

activities and timeline in each lesson plan were discussed. Furthermore, the learning 

intervention was discussed in detail with each teacher before the unit began. The 

learning intervention was revised in some parts to suit their students and school 

contexts.   

 

Activities of Heat and Thermodynamics Learning Units 

 

 The purpose of the development of the HTLU is that these units should be 

suitable for the inexperienced teacher or teacher working outside their own scientific 

discipline but flexible enough to allow experienced teachers to introduce placements 
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and modifications to them where it is deemed desirable. The HTLU consists of 

thirteen lessons (16 periods), the learning activities of each lesson plan are described 

below. 

 

Lesson 1:  Heat and Temperature (1 period) 

   

  This lesson aims to introduce students to learn about heat and temperature 

through the various objects from their everyday life. The students are encouraged to 

identify contrasts and comparisons between them by using the words heat and 

temperature. Then students’ existing ideas about the distinctions between heat and 

temperature were found out by providing picture cards about hot and cold objects 

such as sparkler fireworks, hot milk, ice-cream, ice, warm water in the bath and 

arranging the objects in the pictures from: 1) Lowest temperature to highest 

temperature; 2) Smallest amount of heat energy to largest amount of heat energy; and 

3) No heat energy. Each group is encouraged to define heat and temperature in their 

own words. As further investigation, students observe and discuss the demonstrations 

of intensive and extensive properties as a framework to distinctions between heat and 

temperature of water. Then students are encouraged to revise their definitions of heat 

energy and temperature, clarification of hot and cold objects and transfer their 

understanding to new given situations.  

 

Lesson 2:  Heat Transfer (1 period) 

 

 This lesson is started by discussion of the problems of Global Warming and 

the  Greenhouse Effect on the Earth’s temperature. From the student’s point of view, 

the greenhouse effect always causes the problems to humanity. The teacher has to 

lead students to rethink the green house effect through the question: “Is greenhouse 

effect good or not good for our world? Why?” After that students do the experiment 

on three stations of three types of heat transfer. They are encouraged to identify and 

explain the differences of three types of heat transfer by themselves. They are asked 

to match the situation in greenhouse with models of three types of heat transfer. 
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Teachers introduce students to the thermal camera and solar cooking which are 

technologies using the principle of heat transfer.   

 

Lesson 3:  Heat Expansion (1 period) 

 

 This lesson aims to introduce students to heat expansion from the context of 

the “Expansion of the Oceans and Constructions: Is it dangerous or not?” The 

students are encouraged to clarify the disadvantages of thermal expansion through 

greenhouse effect with level of the oceans which is caused by thermal expansion of 

the ocean. To extend this to other situations, students work in groups. Each group gets 

different pictures of constructions, identifies the problems of heat expansion in 

constructions such as bridges, roads, etc. by referring to the understanding of Thermal 

Expansion of the Ocean context and discusses the way to solve these problems. 

Students are then presented with the advantages of thermal expansion through devices 

using thermostats and investigating how thermostats work through the electric circuit 

and the iron.  

 

Lesson 4:  Thermal Equilibrium (1 period) 

 

 The context used in this lesson is the temperatures of students’ surrounding 

objects. Students brainstorm for self assessment of thermal equilibrium through the 

everyday situations by predicting the temperature of metal and plastic chairs which 

are placed in two settings: 1) both are in the truck at 50 °C for 2 hours; and 2)  both  

are in a room at 25 °C for 3 hours. From this learning activity, the students may come 

up with the ideas of what the differences between sensation and temperature are. To 

find out the answer, students are led to do the experiments to investigate the 

temperature of the surrounding objects and discuss the pattern in the experimental 

data and build a principle to describe these patterns. Students are then encouraged to 

revise their prediction of the first activity. They are provided with more situations to 

explain following their understanding. To reduce alternative conceptions of thermal 

equilibrium by the contrast between personal experiences and scientific conceptions, 

the teacher demonstrates the hot and cold sensations.  
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Lesson 5:  Heat Capacity (1 period) 

 

 Following the previous lesson concerning hot and cold sensations, the teacher 

leads student to study about “Fire Walking: How do many people walk across fire 

without damage?” Students brainstorm their ideas of fire walking, then view the 

videotape of fire walking and discuss the possible explanation for fire walking 

without damage. To learn the explanation, students are shown “Boiling Water in a 

Paper Box” and link this demonstration with the context of Fire Walking. This leads 

to doing the experiments of the value of heat capacity and specific heat capacity of 

water and solving problems by using calculations. To transfer understanding, students 

are encouraged to clarify the Seaside and Desert climates involving heat capacity 

conceptions.  

 

Lesson 6:  States of Matter and Changing State (2 periods) 

 

 This lesson is started by investigating How does our body maintain a constant 

temperature? and the students are encouraged to discuss how humans maintain the 

body temperature through “Maintaining Body Temperature” reading material. Then 

the experiments of changing state will help students understand how the body 

maintains temperature and will link this with the concept of changing state. Then 

students complete the experiment of changing temperature, discuss the experimental 

results, describe and calculate relative quantities from given situations. To integrate 

their understanding of heat, temperature, heat capacity, latent heat concepts, students 

work in groups to discuss and answer the teacher statements and questions.  

 

Lesson 7:  Insulators (1 period) 

 

 The context used in this lesson is “Plants and Animals in Deserts”. The 

students discuss how living things live in the hot weather. They are showed pictures 

of desert plants and animals by using OHT or poster and discuss desert conditions 

such as the temperature in day and night.  They are encouraged to find out the factors 

in controlling rate heat transfer such as color, size, heat capacity, areas, property of 
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material (insulators or conductors) through “Desert Plants and Animals” reading 

material. They have to work through experiments to investigate the relative 

performance of different insulating materials. To transfer their understanding, 

students are assigned to design houses by applying heat transfer, conductors and 

insulators. 

 

Lesson 8:  Absolute temperature and Charles’ Law (1 period) 

 

 This lesson discusses planets in the solar system and studies the information 

for each planet from “Planets in the Solar System” reading material. The particular 

question of why each planet has different temperature leads students to think about 

highest and lowest temperature of the planets. Through the discussion, students are 

asked to predict the limit of highest and lowest temperatures. To prove their own 

ideas, they need to explore the highest and lowest point of the temperature by doing 

the experiment of Charles’ Law.   

 

Lesson 9:  Boyle’s Law (1 period) 

 

 The students brainstorm for self assessing of the relationship between pressure 

and volume of a gas bubble through under water situations. The students then do the 

experiment of the relationship between pressure and volume of gas. The teacher lets 

them calculate from the given situations using the Boyle’s Law such as gas filled 

balloon situations. 

 

Lesson 10:  Ideal Gas Laws (1 period) 

 

 This lesson aims to introduce students to study from the context of the “The 

Cooking on the Mountains: Is it easier or more difficult?” The students are encouraged 

to discuss their experiences on the high mountain or high building and pressure cookers. 

The teacher leads students to conclude the relationship between temperature, volume 

and pressure and the ideal gas equation and learn how to calculate from new contexts. 
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Lesson 11:  Heat Exchange (1 period) 

 

 The refrigerator is used as the context of learning. Students are asked; If 

somebody leaves the door of the refrigerator open, will the temperature of the room 

decrease, increase or stay the same? and Where does this extra energy (heat) come 

from? and then discuss this for making predictions. The students are assigned to study 

how refrigerators work to answer these questions above. From the answers and 

discussion, the teacher and students conclude the principle of heat exchange. The 

students then redo the experiment of the final temperature, and calculate it by using 

the law of heat exchange and transfer this to a new given situation.  

 

Lesson 12:  Kinetics Theory of Gas  (2 periods) 

 

 Students discuss how “Hot Air Balloons” work through investigating the 

factors of Air Rising and Air Sinking. Through the context of making their own 

balloon, the students are encouraged to study the kinetics theory of gas, the 

relationship between pressure volume and velocity of a molecule of gas and the 

relationship between temperature and the average kinetic energy of a molecule of gas. 

In order to answer questions: What is the temperature required for the balloon to take 

off? How fast does a molecule of gas in the balloon move if the gas is being heated to 

the temperature for take off? How much energy does the balloon spend for rising? 

students work in groups to design the hot air balloon, to calculate the temperature, 

velocity, and kinetics energy of gas inside the balloon required for take off, to make 

the hot air balloons and to complete the exercise. 

 

Lesson 13:  Internal Energy (2 periods) 

 

 Through the context of “Car and Rocket Engines”, students study how the 

engines work. Firstly students are motivated by discussing how very heavy things like 

spaceships get away from the Earth’s gravity force. Students then study “How a 

Rocket Engine works” by reading material and then building Simple Heat Engines 

like heat engines which power a boat. Then they are asked to clarify what happened in 
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the rocket boosters. This is linked to force and the work done, internal energy and 

thermal energy in rocket boosters. The teacher and students discuss and conclude 

what is meant by W, -W, ∆U, - ∆U. To transfer understanding, students are 

encouraged to explain how car engines work.  

 

Summary 

 

The heat and thermodynamics learning units (HTLU) were developed underlie 

guiding principles that 1) encourage learning actively, 2) provide learning through 

multiple contexts by transfer of learning from one situation to another, 3) provide the 

opportunities for students to relate their experience with a learning activity, 4) 

enhance learning by presenting concepts in the context that the students are familiar 

with, and 5) encourage learning through interaction with other students in cooperative 

work. Learning activities of the HTLU aim to encourage students to relate familiar 

contexts to ideas about heat and thermodynamics by introducing contexts to the 

students before the content. Next, students will learn new things (content) through 

authentic tasks or experiments, which are anchored within a meaningful context and a 

visible process. They will be encouraged to make connections between context and 

heat and thermodynamics concepts by providing and discussing the common aspects 

found in the diversity of contexts/situations. After that students will be encouraged to 

apply and transfer what they learn in new contexts of heat and thermodynamics in 

new contexts. 

 

This chapter discussed the design and development of the heat and 

thermodynamics learning units from the guiding principles that the units are based on 

the development process and its content and learning activities. In the next chapter, 

Chapter VI: Intervention Implementation and Evaluation Phase, heat and 

thermodynamics learning units were implemented in three schools and another 

research question was investigated. The question is: What is the effectiveness of the 

trial intervention units on heat and thermodynamics using a contextual approach in 

enhancing student’s learning? 

 

 



CHAPTER VI 

 

IMPLEMENTATION AND EVALUATION OF 

 THE HEAT AND THERMODYNAMICS LEARNING UNITS 
 

Introduction 

 

 This chapter reports on the implementation of the heat and thermodynamics 

learning units (HTLU) with three classes of high school students. The evaluation of 

HTLU is presented as three case studies: case study one in school A, case study two 

in school B, and case study three in school C. Each case study consists of four 

sections presenting the effectiveness of the trial the HTLU through a contextual 

approach on students’ learning. The first section involves the general background of 

the case study; the school setting, the teacher and student backgrounds, and the 

classroom setting. The second section involves general classroom observations. The 

learning activities and classroom interactions of learning strategies using contexts are 

discussed. The third section involves teacher and student interviews following the 

lessons, and at the end of the learning sequences along with the students’ opinions of 

the learning activities which were investigated via the Learning Heat and 

Thermodynamics Questionnaire (LHTQ). The fourth section describes students’ 

understanding of heat and thermodynamics after the implementation of the HTLU. 

The understanding of concepts by students who were taught in specific contexts taken 

from everyday-real life contexts and associated experiments were investigated using 

the Heat and Thermodynamics Concept Questionnaire (HTCQ). The final part of the 

chapter summarizes of teaching and learning heat and thermodynamics through a 

contextual approach across three school case studies. 
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Case Study One:  School A 

 

1. Background 

 

1.1 The school  setting  

 

The school A is located in the urban area in Bangkok. It is a large public 

secondary school with about 2700 students. All classes are mixed ability. In the 2005 

academic year, there was only one class of Grade 11 in the Science and Mathematics 

program. The program had three periods a week for physics with each period lasting 

for fifty minutes. One semester consisted of eighteen weeks for teaching and learning, 

including mid-term and final examination sessions. School A is not a popular school 

in comparison with the three schools participating in the exploratory phase. Part of the 

school’s budget was supported by the community, and the temple near the school. The 

school was essentially a middle class school with most of the students from middle 

class families. 

 

1.2 Teacher and student background  

 

Amorn was the teacher at school A, who implemented the Heat and 

Thermodynamics Learning Units (HTLU). She had a Bachelor of Education in 

Physics Teaching and physics teaching experience of more than twenty-five years.  

Amorn’s school responsibilities included that of treasurer of school business affairs 

and head of the Green Energy Project. Working through this project, she had set up a 

room to provide workshops, activities and devices involving safe energy with 

volunteer students. She had not taught heat and thermodynamics. Normally, she 

taught physics in Grade 10. The year of the implementation of the HTLU was the first 

time for her to teach physics in Grade 11. Thus, before the implementation of the 

HTLU, she needed help from the researcher to consolidate her own conceptual 

understanding of heat and thermodynamics.  
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Before the implementation of the HTLU, Amorn held a traditional view 

of learning and had an incomplete understanding of the constructivist view of 

teaching and learning. She said: 
 

Most of my teaching emphasized calculation, giving exercises and reports. 

Students were assigned to do reports in every unit I taught. There was a new 

learning style. Students must learn from outside or do some investigations.   
 

There were fifty-two students in the participating class. Of these forty-

two were average achieving students, eight low achieving students and two high 

achieving students, as identified by Amorn. Many students thought that Amorn’s 

teaching amounted to reading from the textbook. They listened to her without 

understanding. They also viewed that the physics content as very difficult and 

something they were unable to understand from the lectures. Amorn knew her 

students’ views and also believed that learning by doing could help students to learn 

better. However, she rarely allowed students to do any experiments. The reason she 

gave for this was that she had no time to prepare the equipment and there was not 

enough equipment. 

 

1.3 Classroom setting 

 

Students learned in a physics laboratory room that did not contain 

sufficient science equipment. However, the room was well set up for group work and 

experiments. The students sat in nine groups, five or six students per group. The 

group members were selected by the teacher to be of mixed ability. The class was too 

crowded so each group was less chance to exchange the ideas with other groups. They 

only were able to sit in groups to do their own learning activities. Amorn used a 

microphone to speak to the whole class. She had individual and or group interaction 

when the students were doing activities or the experiments. At that time she tried to 

encourage students to complete the activities and students also had a chance to ask 

their questions.  
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2. Teaching and learning in the heat and thermodynamics learning units 

 

In the contextual approach, the students are introduced to the specific context 

within a series of learning activities that are related to the intended learning outcomes. 

They were encouraged to generate the context-based problem from that specific 

context and to solve that context-based problem by themselves. The overall teaching 

and learning approach of the learning activities is consistent “using contexts for 

driving concepts”. This section focuses on the implementation of the HTLU in School 

A by Amorn. These were examined by taking multiple sources of data into 

consideration: students’ responses to the contextual approach activities via classroom 

observations and in depth interviews. 

 

2.1 Overview of the implementation of the HTLU   

 

Amorn conducted the HTLU from late November, 2005 to late January, 

2006. She spent eight weeks or sixteen hours to complete the units. She followed the 

instructional guidelines and used all instructional media and materials step by step 

from each lesson plan.  From the first teacher meeting, she gained ideas about 

teaching in context. During discussions with her before the class, she liked to express 

her ideas about how to link between the context, content, and learning activities in 

each lesson plan rather than just to talk about the content. It seemed that Amorn 

agreed to change her teaching from a transmission view to a constructivist view of 

teaching and learning. Her view of teaching appeared to be in sympathy with the 

guideline principles of the HTLU as she explained: 

 

The teacher must play the role to introduce the link between the situation and 

the concept for the students. Teaching should not emphasize only examination 

but should emphasize that students learn by themselves about this thing 

because it is necessary for use in their everyday life. They do not have to be 

worried about what is going on. If they really understand the fundamental 

knowledge, then they will be able to do the test.  
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Yet, Amorn did not change her teaching style completely towards a 

contextual approach. She still tended to use incomplete sentences then wait for the 

students to add or fill in the words to answer her questions. Sometimes questions were 

used to call on student memory rather than their understanding. However, she liked to 

elicit the students’ existing knowledge and encouraged them to discuss the context of 

learning and the results from the experiments to come up with a conclusion by 

themselves. Moreover, Amorn created her own stories and situations and used them in 

her classroom. Sometimes Amorn’s experiences were interesting and dealt with a 

Thai context rather than the context presented in the HTLU.  In this way, Amorn’s 

view of teaching and teaching approaches resonated with the guideline principles of 

the HTLU. Detailed evidence of this is presented in the next section.  

 

During the implementation of the HTLU, the students were all aware of 

the context approach and wholly in favour or else were happy to go along with it. As a 

student said about Amorn’s teaching: “Questioning and answering from the situations 

and experiments, it was fun to learn. The teacher had many learning materials which 

helped me to understand well. The teacher challenged students to show ideas and gave 

chances for asking questions” (Auchana). At first, students had expectations of being 

told things and that they needed to get the correct answer from the teacher. To help 

meet this expectation without telling the students, the teacher organized group 

discussion and learning through activities and being facilitator. In the later weeks of 

the implementation of HTLU, students came to the class on time and the room was 

tidier than the first week of the implementation. The students understood their roles 

when they were assigned to do activities or the experiments and said to the teacher 

that they liked to learn this way.  

 

2.2 Teaching and learning in practice 

 

Based on the survey of student learning of heat and thermodynamics, the 

contexts used in the HTLU were intended to enhance students’ learning and 

understanding. However, a context presented without the appropriate learning support 

cannot be expected to enhance students’ learning effectively. Thus this section details 
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the both the contexts and the learning strategies used by the teacher and the students 

and the effects of these along with evidence of students’ prior knowledge and how 

resistant they were to change.  

 

2.2.1 Learning through the context of everyday objects 

 

Opportunities for learning the concepts of heat and temperature 

in the HTLU were provided that would build on students’ experiences of identifying 

contrasts and comparisons between thermal contexts to help students understood the 

concept described these contexts. The first lesson on heat and temperature was started 

with an everyday context (see in Chapter V). Students were presented with different 

everyday objects and then they were asked to classify their temperature and heat 

energy. The objects were of a different temperature and mass. A highlight of this 

context was the need to distinguish between the temperature and heat of the various 

objects using a framework of intensive properties and extensive properties. Intensive 

properties do not depend upon the sample size or mass; examples include 

temperature, pressure, specific volume, density and pH. Extensive properties depend 

upon the sample size or mass, examples include heat energy, total volume and heat 

capacity. Students had to consider these two properties for all the objects in relation to 

each other because objects with a higher temperature might have a lesser amount of 

heat than an object with a lower temperature when mass was considered. Thus, it was 

not easy to classify the amount of energy of the objects which had various 

temperatures and mass; group discussions were needed. As shown in Figure 6.1, the 

work sheet first columns asked the students to order the objects from lowest to highest 

temperature. The objects in order were 1) a cup of ice cream, 2) water in the 

swimming pool, 3) the human body, 4) a box dry ice, 5) a cup of coffee, 6) a small 

firework, 7) the hot water in a kettle and 8) the Sun. Referring to student prior 

knowledge; students were able to order most objects from lowest temperature to 

highest temperature correctly, except the dry ice and a small firework. From the 

interview it was found that students classified the small firework (600°C) as a low 

temperature because many students had had the experience that small firework did not 

hurt their hands. They had never touched dry ice. 
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In the case of heat energy, one group of students (a 

representative group) had ordered the objects from smallest amount of heat energy to 

largest amount of heat energy as 1) a box dry ice, 2) the human body, 3) a cup of ice 

cream, 4) water in the swimming pool, 5) a cup of coffee, 6) a small firework, 7) the 

hot water in a kettle, and 8) the Sun. The reason given for their arranging them this 

way was that heat is in the objects which radiate heat. This order was similar to the 

order which students used for arranging the objects from lowest to highest 

temperature. Students used the temperature of each object as a criterion for 

rearranging the objects from smallest amount of heat energy to largest amount of heat 

energy rather than considering mass of each object. As they said: “Greater heat is 

higher temperatures”. From the students’ work sheets and the class discussion, the 

teacher found that her students had difficulty with the distinction between heat and 

temperature. The class also came up with a context-based problem: “How are heat and 

temperature different?”  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1  A student work sheet involving the concepts of heat and temperature 
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Investigate through the context - following the context-based 

problem, the teacher demonstrated the measurement of the temperature of a glass of 

water and of a half glass of water and discussed with the students the heat energy and 

the temperature of each glass. The demonstration helped the students to classify the 

temperature and heat energy of everyday objects in terms of intensive and extensive 

quantities as is shown in Figure 6.1 in the second column. Following the 

demonstration and discussion, the representative group of students was able to reorder 

the objects from lowest to highest temperature and from smallest amount of heat 

energy to largest amount of heat energy. Their reordering on the basis of heat energy 

was 1) a cup of ice cream, 2) a box dry ice, 3) a small firework, 4) a cup of coffee, 5) 

the hot water in a kettle, 6) the human body, 7) water in the swimming pool, and 8) 

the Sun. This answer revealed that students have considered the mass of an object as a 

factor in considering of its heat energy through the framework of extensive quantity. 

Student interview comments suggested that the sequence of activities had prompted 

them to think more deeply about the distinction between heat and temperature. A 

representative comment was, “At the beginning, I did not understand why we had to 

order the objects by temperature and heat energy because I thought everybody already 

knew [the order the objects by temperature and heat energy]. Finally, I understand 

that we should consider things deeply” (Chakrit). This statement implied that when 

the concepts were presented in real-life situations and using experiences that were 

familiar to the student they might think that they already know the ideas. However, 

after the demonstration and an opportunity to discuss and hear the ideas of others, 

they recognized that their existing knowledge might not always be correct or 

adequate. This experience was motivating, as the following student explained: “I feel 

I like studying more because it made me think more and learn some basic knowledge 

before studying in class, so that I can understand the subject more” (Suparaporn).  

 

In this sequence of activities; identify the concept through the 

context, the teacher challenged students to use their understanding of heat and 

temperature to order and reorder objects from highest to lowest temperature and heat 

in groups and to compare and contrast their orders in the whole class. She 

successfully used a cup of water, a context that was very familiar to all the students, to 
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focus student thinking on and discussion about the distinction between the two 

concepts. At the end of the lesson; apply concept to new contexts, the teacher did not 

present other situations involving heat and temperature to the students to challenge 

them to transfer their understanding to new contexts because of the time constraints.  

 

2.2.2 Learning through real contexts 

  

The concepts of thermal equilibrium; Lesson 4, (see in Chapter 

V), were learned through the real context, at the first step; started with a context, the 

students were presented with the situation of two objects made of metal and wood that 

were in thermal equilibrium at 50°C and encouraged to discuss two questions: Which 

object is hotter? What is the most likely temperature of each object? Most of students 

came up with same idea that metal was hotter than wood and the temperature of metal 

was 50°C and the temperature of wood was 40-45 °C. The students gave explanations 

for their predictions, for instance, one student said: “I think the temperature of metal 

should be higher because I felt hotter when I was touching them.” Another student 

said: “The temperature of metal was higher because it conducted heat better than 

wood.” This prediction showed that the student held alternative conceptions of 

thermal equilibrium and heat transfer.   

 

To test the predictions – the students worked on the experiment 

by measuring and touching the temperature of various objects which were left in 

classroom for a while. From this experiment, the students found that all objects were 

at the same temperature, and then they have reached the conclusion of the thermal 

equilibrium concept through their discussions. In the next step, identify the concept 

through the context, the teacher set up a real context which provided students with an 

opportunity to consider that “different sensations do not mean a different 

temperature” as the demonstration. The context of touching different objects at the 

same temperature such as hot plastics and metal balls was an effective context to 

make explicit student confusion between the temperature of an objects (thermal 

equilibrium) and the sensation (heat transfer).  
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After students had learned the concept of thermal equilibrium, 

they were asked to explain the situation which they were asked to predict at the 

beginning of the lesson. A group of students explained as follows:  
 

T:  If we leave metal and wooden chairs in a trunk they get very hot. At 
temperature of 50 °C. Which one is hotter? 

S1:  The metal chair is hotter. 
S2:  No….it depends on how long we leave them...In the hot place heat will 

transfer very fast…but in a little bit hot place the heat will transfer to an 
object slowly.. Then you should tell the timing.   

S1: Here... three hours 
S3:  Metal and wood left in the same place for three hours. They will have 

the same temperature. 
Ss:  Objects which are in the same surroundings have the same temperature. 
 

From the dialog, the students were able to explain the situation 

by mentioning the keyword of thermal equilibrium such as heat transfer, surroundings 

and timing reasonably.  

 

In this sequence of activities; apply the concept to new context, a 

real context was set for identifying the difference of heat transfer and the temperature 

of objects which helped the students to understand and change their alternative 

conceptions to scientific conceptions. As a student said, “At the same environment, 

any object has the same temperature. I thought metal had higher temperature than 

wood. But after learning, I understand more and changed my thought” (Suravich). 

From the observations appeared that most of the class had understood the principle 

behind the context and demonstration. Moreover, Amorn used the real life context as 

a tool for eliciting students’ prior understanding of thermal equilibrium concepts. At 

the same time, prediction was useful for the students’ self-reflection. As a student 

said, “I like because the prediction is a way to express my understanding on the topic” 

(Sorrawich). Another student said that: 
 

It [the predictions of a situation] made me interested in and want to answer the 

questions. It encouraged me to think and identify reasons to support my 

answer. I could share my opinion with the others whether or not it is correct. If 

it is not, I can learn why. (Pakkawut) 
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By touching and measuring the temperature of the metal and 

plastic balls, the students changed their explanation of the temperature of the objects; 

that they were made of different materials, that they were at the same temperature 

when they were placed in the same surroundings.   

 

2.2.3 Learning through familiar and unfamiliar natural world  

contexts 

 

The concept of controlling rate heat transfer was learned through 

the both familiar and unfamiliar world context (see Lesson 7 in Chapter V). At the 

first step; started with an unfamiliar context, students were encouraged to brainstorm 

and to state the several factors controlling the rate of heat transfer through the context 

of plants and animals in a desert. These included color, size, heat capacity, area, and 

the property of materials which came from student prior knowledge. This unfamiliar 

context helped students to rethink what they have learned through the new context. 

Further learning activity dealt with the students’ alternative conception of insulators 

and conductors. The students were asked to select the materials or objects that the 

students were familiar with for keeping hot things warm and cold things cool. Most of 

them had alternative understanding about which material is a good insulator or a good 

conductor such as Styrofoam being a better insulator, but they were unable to apply 

their understanding to identify material for keeping hot things warm and keeping cold 

things cool correctly. After this, the teacher let students to work through a series of 

experiments to investigate the relative performance of different insulating materials. 

Four groups performed the experiment with hot water by measuring the water 

temperature to calculate the rate of heat transfer of water to the surroundings. Another 

four groups performed the experiment with cold water by measuring the water 

temperature to calculate the rate of heat transfer of the surroundings to water. The 

result is shown in Table 6.1 below. 
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Table 6.1  School A students’ experimental results 

 
Cold Water  Hot Water 

Temperature (°C) Temperature (°C) Time 
(minutes) plastics paper aluminium 

Time 
(minutes) plastics paper aluminium 

0 0.5 0.5 0.5 0 80 80 79 
2 2 4 4 2 76 76 75 
4 2.5 5 6 4 73 71 67 
6 4 6 7 6 70 69 64 
8 4.5 7 8 8 67 66 61 

10 5.5 8 10 

 

10 65 64 59 
 

In the experimental aspect, the class was very interested and 

more engaged, as the students comments revealed: 
 

I like it because I can do the experiment by myself directly. We may learn a 

lot in many topics but mostly we never use what we learned, then it could not 

give any benefit. I like this learning technique which allows us to do and learn 

practically. Whether we do it right or not, it is better than no practice. (Marut) 

 

 The experiment helped students to improve their scientific 

skills. By doing the experiment, they thought that they had learned something out of 

the textbook.   

 

It was very fun to do the experiment, so that the class was not boring. With the 

experiment I think we can remember the context of the experiment better than 

only reading and remembering the theory from the someone else’s 

experiments. (Niramon) 

It was fun to learn a new thing by doing some experiment apart from textbook: 

that allow us to practice and know the result by ourselves. (Vanvilai) 

 

 Through this investigation, from the natural world context that 

they were unfamiliar with, students understood that for retaining the temperature of 

objects they have to consider several factors such as controlling rate heat transfer. 

This context helped the students to extend their scientific ideas effectively. In the 

lesson the students were also presented with varied materials to investigate the 

 



 140

properties of each material to revise their alternative conception of insulators and 

conductors. 

 

2.2.4 Learning through a fantastic context 

 

The context of fire walking was used in the lesson of heat 

capacity (see Lesson 5 in Chapter V). Students were asked to observe and discuss a 

video clip of fire walking. They pointed out that: 1) the fire walker walked very fast 

for 2-3 minutes, 2) they walked at night, 3) around the embers is the grass field and 

wet, 4) they walked in the small path between the embers, 5) the embers were not 

thick, and 6) the embers were hot. Students shared their data very actively. The 

teacher encouraged the students to find out the scientific explanation by the reading 

materials which were intended to present the term heat capacity and heat conduction 

to them. In an interview, students said that they did not really want to read from the 

document because they thought that they already understood about fire walking from 

the observations and discussions of the fire walking video clip. The teacher made the 

link between the fire walking context with the heat capacity concept by demonstrating 

boiling water within a paper box and burning paper without water.   

 

On the observing the paper box, students came up with the 

question “Why didn’t the paper box burn?” From this question, the teacher and 

students discussed and came up with the ideas that the temperature of a paper box 

changed slowly because of the heat capacity of water while the temperature of another 

paper box without water increased rapidly until it was burned because the paper has a 

low heat capacity. The students’ answer to the questions after the demonstration 

showed that the demonstration had made sense to help them in order to explain how 

people could fire walk without big damage. To investigate the heat capacity of 

objects, students were led to do the experiment to find out the specific heat capacity of 

water. Doing this experiment, the students were able to use the formula; Tm
Qc =
∆ and 

source of the formula. 

  

understand the 
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Enhancing the students’ ability to apply their understanding to a 

new context, they were introduced to the context of the differences of night time and 

day time temperatures at the Seaside and Desert. The classroom discussions showed 

that only a few students were able to explain this context. However, a student came up 

with interesting ideas for explanations of gaining heat and increasing temperature of 

the object. He argued that, “Heat capacity means the object can be heated highly and 

it gradually releases the heat. It is like big and small men. Big man eats a lot but 

produces small excreta. Small man eats less and produces excreta quickly. So that, an 

object with the low heat capacity is like desert but high heat capacity object is like 

ocean.” It was a funny analogy created by a student. He shared this analogy with other 

students who get confused with the higher and lower specific heat capacity and how 

they are different. His analogy helped other students to understand the differences 

between the day time and night time temperatures of the Desert and Seaside more 

easily. It was apparent that students had understood the principle behind the context 

and this also implies the effectiveness of learning together and group working. As a 

student said “We can share our ideas with others and find the right answer. If we did 

not understand something, we can ask other to clarify it” (Pakpoom). Another student 

said, “I like to share any idea with friends. We worked and made a decision together. 

We learned to work better as a team” (Natanong). The students were motivated to 

learn by the fantastic context. They enjoyed sharing what they had heard or had 

known about the context.  

 

2.2.5 Learning through technology contexts 

 

Amorn set the context of the day: A student has just came back 

home feeling hot because of playing basketball, then the student leaves the door of the 

refrigerator open because the student expect that the house will getting colder. She 

created her own story. The teacher and student discussion showed that the students 

knew that they should not leave the door of the refrigerator open because it wasted the 

electrical energy and the room would not become colder. However, they were unable 

to explain heat exchange between the refrigerator and room. To enhance the students’ 

understanding the concept of heat exchange, students were encouraged to investigate 
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how the refrigerator works through the reading documents and discussion. The 

findings showed that a refrigerator which was a main context of learning this lesson 

was not recognized by students.  However, students were able to understand heat 

exchange from other simple situations which were presented in the lesson and the 

experiment of finding out specific heat capacity of objects. Students suggested that 

the context of learning should start with the simple context.  

 

Through the context of Rocket Engines, students studied how 

they work. Firstly students were motivated by discussing how very heavy things like 

spaceships get away from the Earth’s gravity force. Students were encouraged to 

build simple heat engines like heat engines to power a boat. From this activity, the 

teacher found that the students were able to understand how the heat engines work 

and explain the system, work and heat energy of the heat engines to power a boat. 

Amorn said that “Students had learned and played. They were so happy. They had 

their own ideas to use different sizes of the coil, several loops of coil or bigger 

candles to make the boat move faster. They also bought a new boat.” The teacher was 

very proud of the students because they paid close attention to the learning activities. 

Students were familiar with the context of technology. Working on the context tasks 

helped students to understand scientific principles through the context of how the 

thing worked. However, the time constraint was the limitation of the implementation 

of the HTLU. The teacher needed to assign the students to perform the tasks as the 

students’ homework or take the extra time. The students presented their tasks and 

explained how it worked to the teacher by using the keywords as internal energy, 

work and heat. At the end of the teaching sequences, the students appeared to have an 

understanding of how the heat engine worked and an appreciation of the concepts 

involved. 

 

2.3 School A students’ commentary on the contextual approach 

     

One purpose of the heat and thermodynamics learning units through the 

contextual approach was enhancement of student learning of heat and 

thermodynamics. This section discusses the students’ reaction to learning in context 
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and the learning strategies used in the HTLU. School A students were interviewed, as 

a group and individually, to reflect their opinions on learning activities in the units. 

Students’ responses to heat and thermodynamics learning units were also investigated 

by the Likert Scale Questionnaire after the implementation of HTLU. The results 

presented overviews of students’ responses on learning contextual and constructivist 

approach using in the HTLU are showed in Table 6.2.  

 

Table 6.2  The frequencies and means of school A student responses to the heat and 

thermodynamics learning units  

(n=52) 

 
Number of Responses (%) 

 

 
 

Statements 
Strongly 
Disagree 

 
Disagree

Slightly  
Agree 

 
Agree 

Strongly  
Agree 

  

mean 

1. New concepts are presented in real-life 
situations and experiences that are familiar to 
the student.   

0 0 39 47 14 3.75 

2. Concepts in examples and student exercises 
are presented in the context of their use. 

0 0 22 71 8 3.86 

3. New concepts presented in the context of 
what students already know.  

0 16 47 29 4 3.10 

4. Examples and student exercises include 
many real, believable, problem-solving 
situations that students can recognize as 
important to their current or possible future 
lives.  

0 0 14 67 20 4.06 

5. Examples and student exercises cultivate 
attitude of  “I need to learn this.” 

0 0 33 51 16 3.82 

6. Students could gather and analyze their own 
data as they are guided in discovery of the 
important concepts about heat and 
thermodynamics.  

0 4 47 43 6 3.51 

7. Opportunities are presented for students to 
gather and analyze their own data for 
enrichment and extension.  

0 12 63 20 6 3.20 

8. Lessons and activities encourage the student 
to apply concepts and information in useful 
contexts, projecting the students into 
imagined futures and unfamiliar locations. 

0 4 37 53 6 3.61 

9. Students could participate regularly in 
interactive groups where sharing, 
communicating, and responding to the 
important concepts and decision-making 
occurred. 

0 0 31 51 18 3.86 

10. Lessons, exercise, and labs improve student 
communication skills in addition to scientific 
reasoning and achievement. 

0 2 31 57 8 3.65 
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Table 6.2  (Continued) 

 
 

Number of Responses (%) 
 

 
 

Statements 
Strongly 
Disagree 

 
Disagree

Slightly  
Agree 

 
Agree 

Strongly  
Agree 

  

mean 

11. Activities, demonstrations and experiments 
encourage the student in scientific skills such 
as observation, data collection and data 
analysis. 

0 2 16 65 18 3.98 

12. Lessons and activities encourage the student 
to enjoy learning about heat and 
thermodynamics.  

0 0 14 59 27 4.14 

13. Lessons and activities help students to more 
easily understand the content. 

0 0 18 55 27 4.10 

 

The Statements 1-5 in Table 6.2 asked about context presented to 

students. The students reflected that in the HTLU that new concepts were presented in 

real-life situations and experiences that were familiar to the student (Statement 1, 

m=3.75).  Concepts in examples and students exercises were presented in the context 

of their use (Statement 2, m=3.86). The majority (87%) of students thought the 

examples and student exercises included many real, believable, problem-solving 

situations that students were able to recognize as important to their current or possible 

future lives (Statement 4, m=4.06). Apparently, the mean of Statement 3 is less than 

3.3 which means the new concepts were not presented in the context of what student 

already knew (m=3.10). According to the findings of the pattern of students’ interest 

of contexts, the students showed that their interest might roused by unknown things or 

situations, so some of contexts used in the units were not familiar to student.  

 

The Statements 6-11 had more emphasis on learning actively. Sixty-

three percent of students commented that they lacked opportunities to gather and 

analyze their own data for enrichment and extension (m=3.20).  However, they 

thought that the units and learning activities encouraged them to apply concepts and 

information in useful contexts, projecting the students into imagined future and 

unfamiliar locations (Statement 8, m=3.61). Sixty-nine percent of students agreed that 

they could participate regularly in interactive groups where sharing, communicating, 

and responding to the important concepts and decision-making occurs.  Eighty-three 

percent of students also agreed that activities, demonstrations and experiments 
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encouraged the students to have scientific skills such as observation, data collection 

and data analysis. 

 

For the extra topics 12-13, more than 80% of students thought that 

lessons and activities encouraged them to enjoy learning about heat and 

thermodynamics (Statement 12, m=3.78) and helped them to understand the content 

more easily (Statement 13, m=3.87). In addition, the students’ comments on learning 

of the HTLU from the interviews can be summarized as follows: 

 

- Motivated students’ learning   

As an unbelievable event, fire walking was an interesting context for students. 

Every student found the lesson interesting and enjoyable. The reasons given were: 

It is exciting and interesting to learn about because something we knew or 

heard but never know the causes or its process. (Dungkamon)  

I liked to learn about walking on fire because it was presented in multimedia 

with color and animation and it is a real story. Moreover, the teacher asked 

some questions encouraging me to find the answers by myself. (Pakkawut)  

I liked to learn about it because it was presented in video clip and everyone 

could identify the cause and shared his opinion whatever it would be right or 

not. (Dirok) 

We learned diversity topics more than ordinary textbooks which contain the 

same topics. Moreover, we feel fun to read several interesting topics. 

(Suchaya) 

 

- Made the concept clear and making sense for students  

As real settings, feeling hot and cool experiment, building the steam boat, or 

designing the hot air balloon, these contexts of learning could make the concepts clear 

for students. Students tended to remember the transfer contexts when they explained 

things.    

The topic about equal temperature of metal and wood chairs in the same 

environment is what happens and we can touch and feel it everyday. 

(Pennapa) 
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I feel good to practice observation skills. By watching the real situation, it is 

much easier for prediction because we could think, distinguish the situation 

and learn more by doing many activities such as ordering objects by their 

temperature and heat capacity and prediction. (Natanong) 

 

I like because I can see it from the real video clip and picture, not only study 

the theory. I can feel it in reality. (Pakpoom)  

 

- Made science relevant to everyday-life context 

Helping students to see the value of learning physics, the contexts which were 

relevant to life; Global Warming and Greenhouse Effects, Maintaining Body 

Temperature, Constructions and Heat Expansion, were used.  

We had learned heat expansion of many constructions. I could understand 

better from doing other learning activities and asking-answering from reading 

sheets and from teacher’s explanation. (Natanong)  

 

Activities of hot air balloon were the activities that help me to understand the 

best and I could do the exercise assigned by the teacher and then I could 

design my own balloon in my own style. Activities of fire walking help to the 

practice to observe the real situation. (Natanong)  

 

- Enhanced learning cooperatively 

The observation data showed little evidence of small group work. This finding 

was perhaps unsurprising because, in previous learning, the student had not prepared 

to work together. However, student interview data showed that working together 

affected their learning.  

I like because we can share our idea with friends in a group. Mostly we like to 

believe our thought. However, it is not always correct. It is exciting to predict 

if what will happen or if it will be as we think.  (Sasita) 

 

I learn to listen to other’s opinions, we work and discuss together. It 

encouraged us to participate more in the activity. (Pennapa) 
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In conclusion, the students generally appeared to enjoy the lessons. The 

findings showed appropriate contexts lead students to become more involved in their 

lessons, find the lesson interesting, easy to understand, more relevant to real life 

contexts rather than theoretical. Student’s responses to the HTLU were a reflection of 

learning contextually and actively in the same time. The majority of students 

indicated that they were interested in learning through the specific contexts and these 

contexts helped them to remember some physics concepts. Students recognized the 

lesson from the activities they had done rather than the physics concepts they had 

learned. The way they explained concepts always came with the context they had 

learned in the classroom. One highlight of a contextual approach was those students 

who had been bored with physics previously, became interested and increased their 

contributions to classroom interactions. There was a girl who always answers, 

sometimes the teacher asked her to stop answering because the teacher wanted others 

to share their ideas also. In the classroom students paid attention to the video clip of 

fire walking and they liked to discuss and share their experience to explain how to do 

fire walking with friends and the teacher. After the class, some of students still 

believed in supernatural power, on the other hand, they could understand that how the 

scientists see things.   

 

2.4 School A teacher’s commentary on the contextual approach 

  

In the heat and thermodynamics classroom using the HTLU, the 

contextual approach of teaching was very different from the norm in Thai classrooms 

and this is reflected in the teacher’s concerns about the new approach. Amorn’s 

comments on the HTLU are summarized below. 

 

- Enhanced understanding  

I thought this approach enhanced the students’ understanding. I agreed to 

implement the units because I would like to see if it is good for my student or 

not. My students also said that it was good to learn through this approach. 

Giving the situations in the class make the students better and easier 

understand. Discussion of the examples from everyday life is better than only 
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teaching so that students did not have any chance to think how to apply it in 

their everyday life. … I’ve got many ideas from implementing the units. 

Before I just picked up a textbook and followed it. After I learned from the 

units and the linking of many situations, I felt excited as well. We give them 

[students] the situations that they can see in real life. Something I never 

thought that it would be like…for example a glass of water and water in the 

pool ... what temperature are they? And what the amount of heat energy are 

they? … then from this situation, the students could see the point and 

understand and I could understand as well. Before I did not know and 

emphasize this thing. 

 

- Increased learning in experimental work 

Next year I will use the units again because they are learning by doing. The 

simple experiments help the students make sense and understand more easily 

than only reading from the textbook. … With the experiments we can see they 

are more interested in the lesson, they get more knowledge and better 

understanding. 

 

- Made science relevant to everyday-life context 

This year I would like to use the units again because they are practical learning 

and provide simple experiments, helping the students understand more easily 

than reading from the textbook only. … I thought the lesson plan was very 

good overall, only some parts should be improved. The best part of the lesson 

plan is that it can be related to the everyday life and it can be shown to the 

students. 

 

- Modified approach to teaching  

When I asked, they told me that they like this learning. Besides, only listening 

to my lecture I would just tell them the formulae, derived, how to calculate 

and gave them the exercise. … The teacher must play the role of introducing 

the link between the situation and concept for the students. Teaching should 

not emphasize only examination but it should emphasize student learning 
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about this thing because it is necessary for use in their everyday life. They do 

not have to be worried about what is going on. If they understand the 

fundamental knowledge, then they will be able to do the test. They knew. … 

Implementing the units affected my ideas. Before I thought in different way; I 

skip the experiment part, focused on lecture and assigned the exercises only.  

But after I trialed the units I found that the students’ interest increased, they 

had got more knowledge and understood the lesson better. 

 

At first, Amorn was worried about the steps of the learning activities, helping 

students to understand the links between learning activities and the time constraints, 

thus she kept telling the students. She also thought that the students might not be able 

to answer her questions. In the later lesson, it was suggested she use “wait time” for 

students’ answers and she found that the students were able to respond to her 

questions quite well. She felt more confidence in teaching following the HTLU. She 

continually used the HTLU for the further academic year.   

 

2.5 Discussions of school A’s teaching and learning in the HTLU 

 

Students had learned heat and thermodynamics following the approach 

of the HTLU. Amorn employed most of contexts suggested by the HTUL as tools for 

driving teaching and learning in the classroom purposively. Most everyday contexts 

were introduced as a teaching approach which had been successful in helping students 

to provide meaning to their learning and in helping the teacher to elicit the students’ 

prior knowledge.  Apparently, the context was also used after learning the abstract 

theoretical terms in helping students to transfer their understanding to new contexts 

based on their understanding of the introduced context. The data seem to indicate that 

in teaching and learning of heat and thermodynamics in school A, emphasis on a 

contextual approach had been successful in taking students’ real life experiences into 

the classroom. The students had started talking about the contexts rather than the 

concepts. The concepts were also used as a tool of explaining the context-based 

problems. The students tended to remember the context and were able to explain the 

contexts by using the appropriate concepts. However, there was a difficulty in 
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learning through a contextual approach, particularly with introducing the complex 

contexts. Many students did not understand the context well, for example, the context 

of how the refrigerator works. They had difficulties in understanding this so were then 

not able to link the context with the concept of heat exchange. 

 

3. School A students’ understanding of heat and thermodynamics  
 

A heat and thermodynamics concept questionnaire, HTCQ (see Appendix A), 

was administered to the students after the implementation of the HTLU to assess 

students’ understanding and transferance of heat and thermodynamics concepts. The 

contexts used in the HTCQ and the learning activities of the HTLU were different. 

The results of students’ correct responses to each question in the HTCQ are shown in 

Table 6.3. Particularly, Question 3, 13, 16, 18 and 20 consisted of two sub-questions 

which showed the students’ correct response and students’ correct explanations of 

different concepts of heat and thermodynamics.  The questions are grouped into sets 

that focus on the key concepts of the students’ understanding of heat and 

thermodynamics through the varied contexts used in the HTCQ.   

 

Table 6.3  The number and percentage of  school A students’ correct responses 

through the varied thermal contexts used in the HTCQ 

 (n=52) 

Students 
 

 
Thermal Contexts 

Number  
 

Percent 
 

Heat and Temperature  
Question 1: Possible lowest temperature of super-conductor magnets 
Question 2: The differences between heat and temperature   

 
13 
29 

 
25 
55 

Heat Energy  
Question 3: A glass of hot milk beside the pool  
Question 4: A big and small piece of ice being stored in the freezer 

 
42 (39**) 
35 

 
80 (75**) 
67 

Heat Transfer  
Question 5: Aluminium and wood strips 
Question 6: Boiling water 
Question 7: The wrapped dolls in blankets 

 
46 
15 
11 

 
88 
29 
21 

Insulators and Conductors   
Question 8: Arranging good insulators and conductors 
Question 9: Materials for keeping hot things warm   
Question 10: Materials for keeping cold things cool  

40 
35 
32 

77 
67 
62 
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Table 6.3  (Continued) 
 

Students 
 

 
Thermal Contexts 

Number  
 

Percent 
 

Temperature and Phase Change  
Question 11: Temperature at the phase change 
Question 12: Temperature at the boiling point 
Question 13: Temperature change of oil and water  
Question 14: Pressure cooking 

 
50 
39 
35 (26**) 
29 

 
96 
75 
68 (50**) 
56 

Heat Exchange  
Question 15: Mixing two samples at different temperatures  
Question 16: Mixing two samples at the same temperatures  

 
48 
33 (12**) 

 
92 
63 (23**) 

Thermal Equilibrium 
Question 17: Temperatures of metal and plastic chairs  
Question 18: A big and small piece of ice being stored in the freezer 

 
28 
52 (28**) 

 
54 
100 (54**)

The second law of thermodynamics 
Question 19: Heat travels between two samples at different 

temperatures 
     Question 20: Heat travels between a sample and its  surroundings  

 
25 
 
46 (43**) 

 
48 
 
88 (83**) 

** correct explanations 

 

This table shows the percentages of students’ understanding of each concept 

in heat and thermodynamics through different thermal contexts. Over half of the 

school A students held a better scientific understanding in the concept of heat energy, 

heat transfer, insulators and conductors, temperature and phase change, heat 

exchange, thermal equilibrium and the second law of thermodynamics.  In the next 

section, students’ responses to each of the concepts are described. The proportions of 

students choosing scientific and non-scientific explanations across the varied contexts 

of the question are detailed.  

 

3.1 Heat and temperature   

 

In Question 1, students were given a situation that said ‘I saw physicists 

make super-conductor magnets, which were at a temperature of –300 °C’. They were 

asked whether they believe this situation or not. About 25% of students held the 

correct understanding because they did not believe the sentence because they 

understood that the lowest temperature is at -273.15 °C, while 75% left still held 

alternative conceptions of absolute temperature. Of these were 21% of students who 

believed this sentence because they understood that the lowest and highest 
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temperatures had no limit, 19% of students who thought that the -168 °C of liquid 

nitrogen was the lowest temperature and 29% of them did not believe this sentence 

because they thought that super-conductor magnets were a good electrical conductor 

and also a good heat conductor so they could not be cooled to –300 °C. Although 

from the interview data, many students were able to identify the meaning of the 

absolute temperature, the students might fail to answer correctly Question 1 because it 

did not directly ask the lowest possible temperature, so they did not understand what 

was asked with this question.  
 

On the meaning of the terms ‘Heat’ and ‘Temperature’, from the 

students’ answers in Question 2 about what heat means and what temperature means, 

the categories presented in Table 6.4 emerged.  

 

Table 6.4  School A students’ understanding of the terms heat and temperature  

(n=52) 

Students  
Categories of Responses 

 Number  Percent 

 
Heat 

  

Energy, which is caused by vibration of molecules, depends on mass 
and temperature   
Temperature 
Sensation 
Amount of heat  
Heat resources 
mc∆T 
State and temperature change 
Non-Response 

29 
 

4 
1 
6 
3 
3 
4 
2 

55 
 

8 
2 

12 
6 
6 
8 
4 
 

Temperature   

Level of heat energy  
Amount of heat energy 
Measure or unit of heat 
Heat 
Temperature is the changing of air or surroundings 
Temperature comes from the changing of heat or energy 
Non-Response 

37 
5 
1 
4 
2 
2 
1 

72 
10 
2 
8 
4 
4 
2 
 

 

Students’ responses to the term heat sorted into seven categories, which 

were heat is: 1) energy, which is caused by vibration of molecules, depends on mass 
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and temperature, 2) temperature, 3) sensation, 4) amount of heat, 5) heat resources, 6) 

mc∆T, and 7) state and temperature change. Students’ responses to the term 

temperature were sorted into eight categories which were, temperature is: 1) level of 

heat energy, 2) amount of heat energy, 3) measure or unit of heat, 4) heat, 5) 

temperature is the changing of air or surroundings, and 7) temperature comes from the 

changing of heat or energy. 

 

Most students (72%) expressed the meaning of temperature which is the 

level of heat energy. It is interesting that a number of students considered temperature 

as the intensive property, in their responses. They explained that temperature is the 

level of heat energy which is not dependant on mass or/and can measured in degrees. 

Some explained that the temperature is the level of heat which can be high and low or 

hot and cold. More than half of the students (55%) explained the term heat completely 

and all of them were able to define the term temperature. Only 8% of students still 

identified that there was no difference between heat and temperature as they said that 

heat is temperature. This result showed that students had made big progress in 

distinguishing between heat and temperature.   

 

3.2 Heat energy 

 

In Question 3, to assess students’ understanding of heat energy, students 

were asked to compare the amount of heat energy of two objects at different 

temperatures to specify the factors of heat energy. The two objects are made of the 

same material (water) but had a different mass. About 75% of students held the 

correct understanding that heat energy is dependent on not only specific heat capacity 

and temperature, but also on the mass of an object (Heat as intensity). About 25% still 

held alternative conceptions that the object that had higher temperature would have 

more heat energy and heat energy is dependant on the specific heat capacity of objects 

only. Changing the context, students were asked to compare the amount of heat 

energy of two objects at 0°C in the freezer in Question 4. The objects are made of the 

same material but have different sizes. The results showed that 67% of students held 

correct understanding that heat energy is dependant on not only specific heat capacity, 
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but also the mass of the objects. Interestingly, 14% of students thought that heat 

energy is dependant on the specific heat capacity of objects, so that if both were made 

from the same material, they would have the same heat energy and 19% of students 

still thought that specific heat capacity is dependent on the size of objects.  

 

3.3 Heat transfer  

 

In Question 5, students were asked to predict the temperature of 

aluminium and wood strips which were put in a truck in a hot day. Most (88%) 

students held the correct understanding that the metal could conduct heat energy from 

your hand faster than wood did. In Question 7, students were asked to explain the 

situation why the dolls in wrapped blankets never warm up. Twenty-one percent of 

students held the correct understanding that both the dolls and blankets have no heat 

energy resources and are at the same temperature. About 79% still held the alternative 

conceptions of heat transfer. Of these were 56% of students who identified that the 

dolls in wrapped blankets never warm up because the blankets were made of material 

which did not hold heat well, 15% who thought that blankets were poor conductors 

and 8% who thought that the blankets used were probably poor insulation and the 

dolls were made of material which took a long time to warm up. 

 

3.4 Insulators and conductors 

 

About 77% of students were able to arrange materials from a good 

insulator to a good conductor; glass, ceramics, wood, metal, Styrofoam and paper in 

Question 8. After that, students’ ability to use their understanding of conductors and 

insulators at an application level was identified. Students were asked to choose the 

best materials from glass, ceramics, wood, metal, Styrofoam and paper which were 

suitable for keeping things cool and keeping things warm. The results showed that 

65% of student held the correct understanding that Styrofoam could be used for 

keeping hot things warm in Question 9 and 62% of them held the correct 

understanding that Styrofoam could be used for keeping cold things cool as well in 

Question 10. These findings showed that more than 60% of the students had a good 
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understanding that Styrofoam was a good insulator used for retaining both heat and 

coldness. However, nearly 38%of students still thought that each material was good 

for keeping hot objects warm but could not keep cold objects cool. From the results, it 

seems that the experiment to investigate the relative performance of different 

insulating materials could enhance student ability to transfer their understanding 

effectively. 

 

3.5 Temperature and phase changes  

 

In Question 13, students were provided a context: equal amounts of 

water and oil (both at the same temperature) are heated by identical gas in the same 

time. When asked which liquid had higher temperature after five minutes, 50% of 

students gave the correct answer and explanation. They thought that oil has higher 

temperature than water because the specific heat capacity of oil is lower than water, 

while 18% of students gave the correct prediction but their explanations could not 

support their answers. They thought that the factors of temperature change were the 

density and boiling point of oil and water. About 35% of students gave the wrong 

answer which identified that if they put oil and water on the fire at the same time then 

they would have the same temperature. They did not see that the water needed to 

receive more heat than oil to change the temperature. To investigate their conceptions 

of temperature and phase change, students were asked to give the reasons why a 

pressure cooker can cook faster than a normal cooker in Question 14. The results 

showed that 56% of students held the correct understanding the boiling point of water 

can be above 100 °C.   

 

3.6 Heat exchange 

 

In Question 15, students were asked to predict the final temperature of 

two samples which have different temperature after mixing. Ninety-three percent of 

students were able to predict the final temperature when two samples at different 

temperatures were mixed. Most of them understood that the final temperature cannot 

be higher than the temperature of two samples before mixing. Students were also 
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provided a context that one container of water and a half of container of alcohol, 

which are at the same temperature, are brought into contact in Question 16. Only 23% 

of students held the correct understanding that both water and alcohol lose the same 

amount of heat because the water and alcohol were at the same temperature, while 

40% of students thought that water would lose the greatest amount of heat. Most of 

them explained that the amount of water is larger than alcohol. Thirty-seven percent 

thought that alcohol would lose the greatest amount of heat because most of them 

thought that the specific heat capacity of alcohol was lower than water and alcohol 

was colder than water.  

 

3.7 Thermal equilibrium 

 

Students were asked to predict the temperatures of metal and plastic 

chairs in the same room in Question 17. Nearly 10% of students thought that the metal 

objects feel colder than the plastic objects because they are heavier, 10% of students 

thought that metal had less heat to lose than plastic. Another 27% of students tried to 

explain that metal objects are colder than the plastic ones because they could absorb 

heat more than plastics. Only 54% of students held the correct understanding that both 

metal and plastic chairs were in the same surroundings, so they were at the same 

temperature. In Question 18, students were given a situation where they have stored 

two pieces of ice, which are made of the same material but have different sizes, in the 

freezer for an hour. Students were asked to compare the temperatures of the two 

pieces of ice and give reasons to support their answers. About 54 % of students gave 

the correct prediction and explanation that both of them had the same temperature 

because both of them exchanged heat with the freezer until they were the same 

temperature as the surroundings. Forty-six percent of students gave the correct 

prediction but their explanations did not support their answers. They thought that the 

two pieces of ice would reach the same temperature because they were made of the 

same material (38%), two pieces of ice were in the same state (2%) and the big ice 

cube it could contain more cold than the small one (6%).  
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3.8 The second law of thermodynamics 

 

The findings from the Question 19, when the same amount of water at 

60 °C and alcohol at 20 °C were brought into contact, were that 48% of students held 

the correct understanding that heat travels from water to alcohol until both water and 

alcohol are at the same temperature, while 12% of students thought that water would 

lose heat energy to alcohol until both water and alcohol had the same amount of 

energy; 4% thought that alcohol would heat up to 40 °C and the water would cool 

down to 20 °C because the specific heat capacity of the alcohol was lower than the 

specific heat capacity of water; and 25% thought that the temperature from water 

transferred to alcohol until both water and alcohol were at 40 °C. Twelve percent 

thought that both water and alcohol were still at the same temperature because the 

boiling point of alcohol was lower than water so its temperature could not rise to 60 

°C like the water. By changing the situation, the students dealt with the thermal 

interaction of a cup of coffee and the room around it. A cup of coffee at room 

temperature is left in the room for a while. In Question 20, they were asked whether, 

at the end of the interaction a cup of coffee may reach the temperature higher than the 

room temperature. Most (83%) of students held the correct understanding that it was 

impossible because the surroundings did not give heat energy back to the coffee after 

they were at the same temperature. They understood that heat transferred by itself 

only from a warmer to a colder body.  

 

3.9 Discussions of school A students’ conceptual understanding 

 

The findings involving the students’ understanding of heat and 

thermodynamics are summarized in the following discussion.   

 

1) The HTLU enhanced student understanding and application of heat and 

thermodynamics concepts of heat energy, insulators and conductors, temperature and 

phase change and thermal equilibrium. Students still faced difficulties in explaining 

the thermal intersection context of objects after all objects are in the thermal 

equilibrium.  
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The findings revealed that most students in school A had developed an 

understanding in the heat and thermodynamics topic. Most students in school A had 

made big progress in understanding the concept of heat energy, insulators and 

conductors, temperature and phase change. Less than half of them held an alternative 

conception of thermal equilibrium. However, in the concept of heat transfer, heat 

exchange and the second law of thermodynamics, students still faced problems with 

using their understanding to new situation. They were confused or struggled when the 

context was changed. More than a half of the students were able to explain and point 

out the distinctions between heat and temperature in the extensive–intensive 

framework. Only few students still regarded that the terms “heat” and “temperature” 

as the same because they viewed higher temperature objects as having more heat 

energy. When asked to use their understanding to predict and reason about naturally 

occurring problems such as the swimming pool and the hot milk problem, students 

were able to do this. This lesson helped students to understand and explain heat and 

temperature in the macro aspect but lacked in the micro aspect. Students understood 

the role of the variables of heat energy, the mass and temperature of the object, 

because they were able to predict the amount of heat in a variety of pictured objects. 

Some students defined heat as kinetics energy, as in the text book definition, but they 

were unable to use this distinction to explain a situation.       

          

Temperature is the measurable level of the heat energy. The heat energy 

depends on the object’s mass and temperature. For example, coffee in a 0.25 

liter cup has a temperature of 47oC and 1000 liters of water in a swimming 

pool has a temperature of 30oC. Even though volume of water in the 

swimming pool is more than the volume of coffee in the cup, water has lower 

temperature than coffee. But by volume, milk has less energy than water by 

many times. (Ananya) 

 

Heat is different from temperature because heat is a form of energy caused by 

molecule vibration. But temperature is the measurable level of heat which 

depends on mass and volume not only temperature. For example, putting two 

pieces of ice of different size in the refrigerator at the same time, they will 

 



 159

have the same temperature but different heat energy; the bigger piece of ice 

contains higher heat energy than small one. (Supaporn) 

 

Many students were able to predict the final temperature when two samples at 

different temperatures were mixed. However, they still confused heat exchange when 

the two samples at the same temperature were mixed because they did not link 

between the understanding of thermal equilibrium and the direction of heat travel. The 

findings suggest students might benefit from more experiences with contexts which 

help direct their attention to how heat travels when the two samples at the same 

temperature are mixed. Students used the formulae, Q=mc∆t, to find out the amount 

of heat energy by considering mass as an important factor.  

 

2) The numbers of students who were able to give correct explanations of the 

context-based problems of heat and thermodynamics increased. 

  

 The student responses to the varied context and their explanations were 

considered from Questions 3, 13, 16, 18 and 20 in the HTCQ. The number of students 

who gave the correct explanation to their responses increased in the heat energy, 

temperature change, thermal equilibrium and the second law of thermodynamic 

concepts. The percentages of school A students who were able to identify the correct 

answer and were able to give the scientific explanation for their answer were higher 

than those in the exploratory phase (see Chapter IV).   

 

3) Ignoring or omitting the step of using understanding in new contexts 

might have affected the  students’  application of heat and thermodynamics concepts. 

 

Discussing the student understanding of the absolute temperature, the students 

were able to explain how the scientists get the number -273.15 at the absolute 

temperature. Through the context question, students did not identify that this question 

was involving the concept of the absolute temperature. The teacher also suggested 

that the context of Different Planet: Difference Temperature, brought the students to  
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understand that it was impossible to have the tenth planet the -237.15 °C in the solar 

system by using the concept of absolute temperature. This context was the 

imagination context. Students might struggle when they transfer knowledge to new 

contexts. By this point, the lesson should be focusing more on students’ transferring 

concepts to new contexts. Normally, based on the guidelines of the learning 

intervention, students were presented with two or more contexts in each lesson or 

concept but this concept provided only one context because of time constraints.  

  

4. Summary of school A’s teaching and learning in the HTLU 

 

Amorn found that teaching through the real life context and performing the 

experiments helped her students to understand the concept more easily and clearly. 

She developed her content knowledge and gained many teaching strategies from the 

implementation of the HTLU. The evaluation of the HTLU hsowed that teaching and 

learning of heat and thermodynamics of school A through a contextual approach has 

been successful in bringing students’ real life experiences into the classroom. Amorn 

had taught heat and thermodynamics following the approach of the HTLU by using 

contexts driving concepts. She used a variety of teaching strategies and the instruction 

material of the intervention. In addition, the students’ understanding and transference 

of heat and thermodynamics were enhanced. The majority of students made big 

progress in the concept of heat energy, insulators and conductors, temperature and 

phase change and thermal equilibrium. Most of the everyday contexts which were 

introduced as a teaching approach had been successful in helping students to add 

meaning to their learning and make science relevant to everyday-life contexts.  

 

Case Study Two: School B 
 

1. Background 

 

1.1 The school setting  

 

The school B is located in a suburban area of Bangkok. It is a middle 

size public high school with 2000+ students in 45 classes. Most students were from 
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middle and upper class families. In the 2005 academic year, there were five classes of 

Grade 11, but only one class in the Science and Mathematics program. There were 

two periods a week for the physics class of honors science students. Each period 

lasted for fifty minutes. One semester consists of eighteen weeks for teaching and 

learning, including mid-term and final examination sessions. School B is a 

participating school in the exploratory phase. Part of the school’s budget was 

supported by the community.  

 

1.2 Teacher and student background  

 

The HTLU was implemented by Busabah who is a physics teacher in 

school B. She had a Bachelor of Science in Physics, and a diploma in Physics 

Teaching. Her physics teaching experience is more than five years. She is confident in 

all topics of physics, including heat and thermodynamics. She is the only physics 

teacher at school B and also teaches general sciences in Grades 7-9. Before the 

implementation of the HTLU, Busabah held the strong belief that teaching for solving 

problems and using formulae is the most important for students. On the other hand, 

she held the belief that teaching and learning is a hands-on activity and experiments 

are the best way for learning physics. She said: 
 

For my teaching, I emphasized that students had to know how to calculate 

from the given problem…However, I thought that students could learn best 

from experiments and the real things. It might help students to understand 

better. 

 

There were twenty -five students in the participating class. This classroom was 

composed of twelve average achieving students, eight low achieving students and five 

high achieving students, as identified by Busabah. Most of them were from middle 

and upper class families and their parents supported them to learn in tutorial courses, 

not only physics tutorials but also for other subjects. Busabah also provided the 

physics tutorial course on Saturday and Sunday for the honors science students by 

herself. Most of her students joined this tutorial course. For the tutorial course, 
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Busabah assigned more complex mathematical problems to the students. She said that 

she was expected to support the students to succeed in university entrance 

examinations.  

 

1.3 Classroom setting 

 

Students learned in a physics laboratory room that contained sufficient 

science equipment. The students sat in five groups, four to six students per group. 

This class was not a big class. Most of students liked to express their ideas to the 

whole class.  The students in school B felt freer to discuss in the class than students in 

school A and school C.  

 

2. Teaching and learning in the heat and thermodynamics learning units 

 

This section focuses on the implementation of the HTLU in School B by 

Busabah. The classroom interactions between the teacher and students were examined 

by taking multiple source data into consideration: students’ responses from classroom 

observations and in depth interviews. 

 

2.1 Overview of the implementation of the HTLU   

 

Before implementing the HTLU, Busabah had employed lecturing as her 

main instructional method. She held the transmission view of heat and 

thermodynamics teaching and learning. Her teaching of heat and thermodynamics 

emphasized the calculations of the problems which modeled on the university 

entrance examination. However, she was keen to trial the contextual approach in her 

physics class. 

 

In discussions before implementing the HTLU, Busabah thought that 

heat and thermodynamics were not difficult for her students. Then she decided to 

implement three lesson plans in the HTLU, which were designed to spend three 

periods for implementing, within two periods average. Busabah also thought that the 
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learning activities in the HTLU focused only on the conceptual understanding and 

provided only simple mathematics problems. Then she decided to add more complex 

mathematics problems in the student work sheets. It seemed that Busabah tended to 

combine a traditional approach and contextual approach of teaching and learning in 

implementing the HTLU. 

 

Busabah conducted the HTUL during late December, 2005 and late 

January, 2006. She followed the instructional guidelines and used the instructional 

media and material. She completed the instructional guidelines ten lesson plans in the 

HTLU (77% of the HTLU learning activities) over five weeks (10 hours). She skipped 

teaching about Insulations and Conductors, Kinetics Theory of Gas, Internal Energy 

and the First Law of Thermodynamics because of the school activities. She needed 

extra time with lecturing on mathematics problems. Then some parts of her teaching 

became a more teacher-centered approach because there was not enough time to 

discuss and complete whole activities. Sometimes the first step of contextual 

approach, starting the lesson with a context, was skipped. Sometimes, the contexts 

were used as the example or application of the content rather than the media of 

context to content or using contexts to drive concepts. In implementation of the 

HTLU, most of students became more involved in classroom interaction and learning 

activities. However, a few students, high achievers, did not react very positively to the 

units.  

 

2.2 Teaching and learning in practice 

 

Similarly to the case study one (School A), this section aims to discuss 

the context used in the HTLU coupled with the learning strategies for using that 

context. It aims to focus on details of the effects of the contexts and the teaching and 

learning strategies used in the HTLU on the students’ learning and understanding heat 

and thermodynamics. However, in the case of School B, Busabah’s ways of using 

contexts in her class revealed different views of implementing of the HTLU from 

Amorn’s in some aspects. Thus, this section presents the implementation of the HTLU 

in School B by Busabah in details of the classroom interactions between the teacher 
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and students which were examined by taking multiple sources data into consideration: 

students’ responses from classroom observations and in depth interviews. From the 

findings, Busabah’s ways of using contexts in the class were divided into two main 

purposes: 1) Using contexts for driving concepts, and 2) Using contexts for launching 

concepts which are described next.  

 

2.2.1 Using contexts for driving concepts 

 

Using contexts for driving concepts is the main teaching and 

learning approach of the design of the HTLU.  Busabah had used the instructional 

media and materials and followed the instructional guidelines in the HTLU. A typical 

example of using the context of fire driving concepts by Busabah was the case when 

1) the students had learned the terms heat and temperature through the context of 

various everyday objects, 2) the students had learned the concept of thermal 

equilibrium through the context of surrounding objects, and 3) the students had 

learned the concept of heat expansion through the context of buildings and 

constructions.  Each case is discussed next to illustrate Busabah’s way of using each 

context for driving concepts and its effect on students’ learning and understanding in 

some concepts in heat and thermodynamics.  

 

- Learning through contexts of various everyday objects 

 

With regard to the first lesson plan, students learned in the context of 

classifications of temperature and heat energy of the everyday objects. Starting with a 

context, the students were presented with the various objects and then they were 

encouraged to arrange these objects from lowest to highest temperature and smallest 

amount of heat energy to largest amount of heat energy.  The classroom interactions 

are shown below.   
 

T:  There were objects which had various temperatures from the low to high. 
S1’s group, which object did you start with and why? 

S1:  The lowest temperature object is dry ice. Next one is ice-cream… 

S2:  Human body temperature is at 37°C, then next one should be a man, then 
the swimming pool because it received energy from the sunlight. 
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S1:  Next is a cup of coffee, boiled water, there was the steam from the kettle. 
It’s temperature is about 100°C…the small fire-work was burning then it 
should have a higher temperature than the boiled water. The highest 
temperature object is the sun. 

T:  Who has ideas different from with Mai’s group? 

S3:  Water in the pool is cold, thus its temperature should lower than human 
body temperature. 

T:  Who has ideas different from with S1’s group and S3? 

S4:  Our group put the small firework at the third order and the next object is 
a man, a cup of coffee, then the boiled water. 

T:  We will look the amount of heat energy of the objects. I want to know 
what the answers from Pat’s groups are. 

S6:  Dry ice, ice cream, the small firework, a man, the boiled water…. 

S7: Dry ice, ice cream, a man, water in the pool, a cup of coffee, the boiled 
water, the small firework and the sun. 

 

This classroom interaction showed the students’ different points of view by 

referring to their prior knowledge of everyday life which revealed their alternative 

ideas of heat and temperature. From the different answers of each group, the class 

came up with the context-based problems of What are the differences between heat 

and temperature? and What are the criteria for arranging a set of objects according to 

their amount of heat?  

 

At the step of investigating through the context-based problem, the teacher 

encouraged students to investigate from the demonstration of the intensive property of 

temperature and the intensive property of heat energy. After the investigation, the 

students were encouraged to revise their arrangement of objects and then they were 

presented with a situation to transfer what they had learned to different situations. 

These findings revealed that, in the lesson of heat and temperature, the context of 

everyday objects was used as the context for driving concepts. The investigation was 

completed by finding the solution of the context-based problems, at the same time, the 

students had learned the concept of heat and temperature from the context through 

demonstration, group and class discussions. In addition, from the classroom 

interaction, it seems that the students liked to participate in learning activities and had 

self confidence to respond to teacher questioning. 
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- Learning through the real-life contexts  

 

In Lesson plan 4 involving the thermal equilibrium concept, students 

were asked to predict the temperature of objects left in the same surroundings for a 

while.  

 

T:  From the first situation, where the metal and plastic chairs  were placed 
in the truck at 50 °C for two hours, which statement do you agree with? 

Ss:  The temperature of the metal chair was higher than the plastic chair. 
T:  Why? 

Ss:  It was hotter. 
Ss: Metal could conduct heat better than the plastic did. 
T:  What were the temperatures of the metal and plastic chair? 

S1:  The plastic chair is about 35 °C…and the metal chair is about 45 °C. 
T:  By changing the situation, both the metal and plastics chairs were moved 

and placed in a room at 25 °C for three hours. Which statement do you 
agree with? 

Ss:  The temperature of the plastic chair is higher than the metal chair. 
T:  Why? 

Ss:  The metal chair was colder. 
T:  I will not tell you the correct answer yet...we will do next activity… 

 

This classroom interaction shows that most of the students are 

confused between sensations and the temperature. To find the correct answer; as 

investigating the context-based problem, students were led to do experiments to 

investigate the temperature of surrounding objects. Things that students were familiar 

in their everyday life were brought into the experiment, such as, water, sand, powder, 

oil, sugar. From the experiment, the students came up with a statement of the thermal 

equilibrium concept. However, the teacher did not encourage the students to revise 

their predictions of the first activity. Then their answers in the work sheet were the 

wrong answers which came from their prior understanding and they did not change to 

become the new concepts they had learned from the lesson.  Then we might assume 

that some students might not link their understanding of the concept of thermal 

equilibrium to explain the situations that they had predicted.  

 

When the students were asked what they had done in that lesson they 

were able to talk about the context and explain that context by using the concept they 
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had learned in the lesson.  The students were able to relate the concepts to the context 

both in the interview and in the class.  

 

The various objects made me understand more because initially I 

misunderstood that temperatures of objects are different from their heat 

energy… It makes me realize that we should do more analysis before making 

any decision. (Sirima)  

I can understand something more and I can think about the surroundings; how 

the difference between heat and temperature is without concern for size or 

volume. (Thumarutch)  

Railways expansion by heat is very close to us but we never notice. I can share 

this knowledge with other people. (Ubonwan) 

 

2.2.2 Using contexts for launching concepts 

 

The students were introduced to the teaching and learning 

involving the concepts of absolute temperature and Charles’s law, with the 

information about the planets in the solar system. They were encouraged to discuss 

the factors of different temperatures of each planet. They were asked to imagine a 

tenth planet where the temperature was at -273 °C. Then they were asked, if they were 

scientists whether or not they would believe that this could occur on the planet. The 

classroom interactions are shown below. 

 

 T:  From the Table, Why does each planet have a different temperature? 
Ss: Distance from the sun … planet temperatures ... and the greenhouse 

strength of the planet. 
T:  Which planet has the lowest temperature? Why? 

S1:  Pluto, it is farther from the Sun than other planets. 
T:  If there is a tenth planet, someone predicts that it would have surface 

temperature at 0 Kelvin or 273.15 °C. Do you believe them?  Why? 
S2:  I do not believe because it has not proved. 
S3: I believe … because each planet has it own temperature. 
S4:  I do not believe because there is no tenth planet yet. 
…  
T:  Let’s see, now we are talking about the Charles’ law. The volume of gas 

is directly proportional to the absolute temperature or V/T = constant. 
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Then it was impossible that the tenth planet would have surface 
temperature at 0 K or 273.15 °C. 

 

Busabah did not avoid transmissive teaching. She jumped straight toward to the 

physics formulae and started lecture on the concept of the Charles’ law and told the 

students the correct answer of the context-based problem. The students were not 

encouraged to find out the answer by themselves. Then she led them to do the 

experiment to study the relationship between the volume and temperature. The 

students also gained scientists’ identification of the absolute temperature. The results 

from the experiment did not link back to the context-based question. It seemed as if 

the context used in this lesson was for launching the lesson rather than driving the 

lesson because the students did the experiment for the validity of a theoretical 

concept; Charles’s law, not for exploring the answer they had from the context. The 

students appeared not to relate their understanding of Charles’ law and absolute 

temperature with the context they had presented to them at the beginning. Other 

contexts of technology, such as; Scuba Diving and Pressure Cooking, were also 

introduced as the examples or the parts of exposition for learning of the concept of 

Boyle’s law and ideal gas laws.  

 

Apparently, after the students were introduced the context and 

came up the context-based question, then Busabah continued to lecture on formulae to 

explain how that context-based problem could be solved by the formulae. Students 

were told the correct answer without further investigation. Busabah had lectured when 

she thought that the physics formulae could help the students to understand and solve 

context-based problem more easily than activities or experiments. However, she did 

not skip the further learning activities suggested by the HTLU, but the aims of further 

learning activity or experiment had changed from finding out the answer of context-

based problem to proving or validating her lecture. When the students were asked 

what they had done in the lesson which used the context as the tool for launching 

concepts, they were able to talk about the theory and the experiments rather then the 

contexts. They showed interest in the lesson, particularly the experiment aspect. The 

students found that the experiments helped them to understand and remember the 

theory. The contexts play the role as a challenging and attracting the students’ 
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learning rather driving concepts. Some students preferred to pay more attention to the 

teacher’s lecture than they had done in the learning activity. 

 

To discover the reasons for Busabah’s ways of using contexts 

for launching concepts, Busabah was asked to explain her ideas of teaching heat and 

thermodynamics through a contextual approach. She said, “… the students have 

known something about heat transfer and greenhouse effect before, and then they 

could easily make sense and link with the new concepts”. Busabah thought that heat is 

the topic which matches with the contextual approach because some concepts of heat 

could not make sense for the students such as the concept of thermal equilibrium and 

sensation. Thus, providing contexts helped the students to understand that how the 

scientists see thing which might differ from student’s prior knowledge. As she said, 

“Something about the heat (in the HTLU) was different from what I had thought. 

When I taught about heat transfer, students were thinking more than before. It was 

easier to lead to the formulae. When they saw the formulae, they knew what it was 

and understood the concept which underlined the formulae more”. On the other hand, 

Busabah thought that for some concepts it was not necessary to teach through the 

contextual approach if the students already knew and what they knew did not contrast 

to scientific explanations. As she said, “Some topics don’t need the context because 

we can see what it is. For example, we can see it clearly about Sound. If we stay close 

we can hear it louder. It is what they are used to.” Busabah held the view of teaching 

that the contextual approach is useful when the scientific concept contrasts with the 

student’s real life experiences or existing knowledge, then the context did help her 

students to see that contrast more easily. Then, whenever she thought that the physics 

formulae made sense to the students more easily, she used the formulae directly.  She 

made it possible for students to ignore the context.  

 

2.3 School B students’ commentary on the contextual approach 
     

 School B students’ responses to heat and thermodynamics learning 

units were investigated by the Likert Scale Questionnaire after the implementation of 

HTLU. The results presented an overview of students’ response to the learning 
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contextual and constructivist approach using in the HTLU. These are shown in Table 

6.5.  
 

Table 6.5  The frequencies and means of school B student responses to heat and 

thermodynamics learning units  

(n=25) 

Number of Responses (%)  
Statements Strongly   

Disagree 
Disagree Slightly 

Agree 
Agree  Strongly  

Agree 

 
mean 

1. New concepts are presented in real-life 
situations and experiences that are familiar to 
the students.   

0 10 30 55 5 3.55 

2. Concepts in examples and student exercises 
are presented in the context of their use. 

0 0 40 50 10 3.70 

3. New concepts are presented in the context of 
what students already know.  

0 10 55 35 0 3.25 

4. Examples and student exercises include 
many real, believable, problem-solving 
situations that students can recognize as 
important to their current or possible future 
lives.  

0 5 50 25 20 3.60 

5. Examples and student exercises cultivate 
attitude of “I need to learn this”. 

5 10 35 35 15 3.45 

6. Students could gather and analyze their own 
data as they are guided in discovery of the 
important concepts about heat and 
thermodynamics.  

0 5 45 40 10 3.55 

7. Opportunities are presented for students to 
gather and analyze their own data for 
enrichment and extension.  

0 10 50 40 0 3.30 

8. Lessons and activities encourage the student 
to apply concepts and information in useful 
contexts, projecting the students into 
imagined futures and unfamiliar locations. 

0 0 60 35 5 3.45 

9. Students could participate regularly in 
interactive groups where sharing, 
communicating, and responding to the 
important concepts and decision-making 
occur. 

0 15 25 40 20 3.65 

10. Lessons, exercises, and labs improve 
students’ communication skills in addition to 
scientific reasoning and achievement. 

0 0 45 50 5 3.60 

11. Activities, demonstrations and experiments 
encourage the students to have scientific 
skills such as observation, data collection 
and data analysis. 

0 5 35 35 25 3.80 

12. Lessons and activities encourage the students 
to enjoy learning about heat and 
thermodynamics.  

0 15 20 45 20 3.70 

13. Lessons and activities help students to 
understand the content more easily. 

0 10 20 45 25 3.85 
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School B students’ responses to the heat and thermodynamics units were 

investigated by the Likert Scale Questionnaire after the implementation of HTUL. 

The results present an overview of students’ responses to learning contextual and 

constructivist approach using in HTUL. From the Table 6.5, the Statements 1-5 deal 

with the contexts which were presented to students. The results of Statements 1 and 2 

showed that 60% of students agreed that new concepts were presented in real-life 

situations and experiences that were familiar to the student (m=3.55) and concepts in 

examples and student exercises are presented in the context of their use (m=3.70), 

while nearly half of students thought the examples and student exercises included 

many real, believable, problem-solving situations that students can recognize as 

important to their current or possible future lives (Statement 4, m=3.60). The mean of 

the Statement 3 is 3.25, which less than 3.3, that means the new concepts were not 

presented in the context of what student already knew.  

 

Statements 6-11 had more emphasis on learning actively. Sixty percent of 

students agreed that they had participated regularly in interactive groups where 

sharing, communicating, and responding to the important concepts and decision-

making occurred (Statement 9, m=3.65) and learning activities encouraged them to 

gain scientific skills such as observation, data collection and data analysis (Statement 

11, m=3.80). About 40% of students agreed that they could gather and analyze their 

own data as they were guided in discovery of the important concepts about heat and 

thermodynamics (Statement 6, m=3.55), opportunities are presented for students to 

gather and analyze their own data for enrichment and extension (Statement 7, 

m=3.30) and lessons and activities encouraged the students to apply concepts and 

information in useful contexts, projecting the students into imagined futures and 

unfamiliar locations (Statement 8, m=3.45). Students' responses to Statement 10 (m = 

3.60) show that this class helped them to improve communication skills in addition to 

scientific reasoning and achievement. 

 

The responses to Statements 12 and 13, showed that 65-70% of students 

thought that lessons and activities encouraged them to enjoy learning about heat and 

thermodynamics (m=3.70) and helped them to understand the content more easily 
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(m=3.85). The details of students’ responses to the HTLU are classified and 

summarized below.  

 

-  Motivated students’ learning   

The HTLU was able to motivate students’ learning by the contexts, and 

teaching and learning strategies as the students commented: 

Fire-walking on VDO is like a trick but the concepts are very interesting. I 

think it is not easy to understand but teacher made it easier to understand. It is 

fun and not too difficult. (Narongdech)  

I like learning in this approach because I can learn by practicing observations 

and recording. This approach motivates us to learn, we can see how it changed 

by our self. It is fun and we can get knowledge and we did not feel stress. 

(Ubonwan)  

Learning a diversity of contexts is fun and motivates us to learn and to do the 

experiment. We can understand the concepts more and can apply the 

knowledge in every day life. (Siwaporn) 

 

- Made the concept clear and made sense for students  

Learning through this approach made the concept clear and made sense for 

students. They said:  

I like to learn about the greenhouse effect because it is easy to understand. I 

can see the picture with the explanation and the experiment also gave me the 

real picture. (Thammarat)  

This learning approach allows me to think and imagine the possibility of 

situation or the results of the experiment. It allows me to think and develop my 

thinking and analyzing skill. (Hathathip) 

 

- Enhanced learning cooperatively 

The HTLU provided the opportunities for students to work and discuss things 

in groups. One student said:  
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This learning approach allow everyone in the group to work together creating 

unity. We discussed and shared our ideas to identify the right conclusion. 

(Siwaporn) 

 

- Preferred doing the experiments 

Most of the students preferred to do the experiment which helped them to 

understand the concepts more and learn by doing the experiments.   

I like the experiment because I can practice to be junior scientist; every time 

we have to establish assumption before doing the experiment. Then, we will 

have got more experience when we study in the higher level. Mostly, we learn 

about theories only but with the experiment we understand more. (Kitipong) 

I like this experiment [change of water status] because I can understand more 

about the principles of change of water status that specific heat of water is 

related to water status changes and I can know more about other heat transfers 

in various forms. (Sirima) 

We know how to analyze data we have got. When we did the experiment, we 

could see if the result was in accordance with the data. We learn to record the 

data, analyze data and make the conclusion of the experiment we did. 

(Wichada) 

 

- Disliked reading document 

I don’t like reading many papers, it made me dizzy. Too many articles make it 

hard for me to understand. I like the discussion that allows student to think or 

leave some questions for student to think. (Sirima)  

 

- Liked the use of the learning materials 

I like the use of learning materials. We can do the experiment while teacher 

can explain the theory in the same time, it is easier to understand ...I like it. 

Seeing the real things, it’s easier to understand the theory than only theory 

lecture. (Hathaithip) 
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- Disliked the contextual approach 

I don’t like it because I feel that I know the results without doing the 

experiment. We learn more, but sometimes what I thought was not correct. I 

don’t like to work with many people because I feel that I cannot learn more 

except the experiment 1.3.2; finding C [specific heat capacity] value of water. 

I have wondered for long time how to find the C of water. I can see a clear 

picture of heat transfer. I liked the calculation of Boyle’s law and Charles’ 

law. I like to know about general knowledge in everyday life. It is better to 

know. (Mai) 

I don’t like this approach. There are too many activities and we don’t have 

enough time. (Pream) 

 

In conclusion, the students commented on the HTLU that the context 

motivated them to learn and helped them to understand the concept more clearly. In 

addition, group work and doing the experiment gave them the opportunity to 

exchange their understandings.  They revealed that learning by doing enhanced the 

development of their scientific process skills. As expected, students enjoyed the 

diverse learning material such as video media, models, the demonstration, photos of 

various contexts.  However, some students commented on using the reading 

document, because they preferred the discussions with their peers rather than reading. 

It was not surprising that few students said that they disliked this approach. Two 

students, high achieving students, indicated that they did not see any difference 

between this approach and the traditional approach. This approach did not help them 

to learn better and wasted time. They preferred the previous teaching approach which 

emphasis using formulae and solving mathematical problems. 
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2.4 School B teacher commentary on the contextual approach 

 

Busabah’s comments are summarized below. 

 

- Enhanced conceptual understanding   

It is a teaching approach linking a real situation with the concepts which 

enhanced student’s understanding in the concepts. For example, when we 

learn about the road we can link the heat transfer by picture. It is a learning 

plan that focuses on understanding more than calculation and allows student 

know the real situation. 

 

- Students were interested and motivated in learning  

When I was teaching, I noticed that students were attracted because it is new. 

The idea I have got is how to attract students to the lesson. Teaching with 

context reference works for active students but for inactive students teaching 

with a real situation make them more interested in learning. There were four or 

five inactive students who skip the lesson sometimes. But since we use this 

approach they join the class every time. As Boonyarith said, this learning was 

very good and fun. 

 

- Increased the classroom interaction 

Students can see, think and discuss their ideas, creating an active climate in 

the class. There is more interaction between teacher and inactive students but 

for active students they wait for calculations more than discussion.  

 

- The height achiever did not react very positively to the units 

For active students who like calculation, they feel strange at the beginning. 

But later on they don’t like this approach because they feel the knowledge can 

not be applied. They like calculating exercises more than experiments. But for 

inactive students, to do and discuss the experiment did not make them 

stressed. It is about time and students’ attitude because they think science is 

difficult, so that they don’t like to learn and don’t feel it is fun. College 
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students want something more. …The approach is good for some students. For 

students who like calculation, they don’t like this approach. They want to get 

the exercise for calculation. For them the old approach is better but for 

students who don’t like calculation, this approach is more interesting. 

 

2.5 Discussions of school B’s teaching and learning in the HTLU 

 

Busabah employed the contexts suggested by the HTLU, in two aspects: 

1) the contexts were used as tools for driving concepts, and 2) the contexts were used 

as tools for launching concepts. The students had learned the concepts of heat, 

temperature, and heat transfer and heat expansion when the various contexts used as 

the media for that concepts. Context as the tool for driving or launching concepts was 

used as the power tool for eliciting student prior knowledge or prior understanding of 

heat and thermodynamics. Learning by using the contexts for launching the concepts, 

the student tended to remember the concepts rather than the contexts.  

 

The school B students preferred to talk about what they did in the 

experiment and the theory, not the contexts. Some parts of linking the investigation 

with the context-based problems had omitted and the steps of application were 

skipped because of the time constraints. It was assumed that students might not be 

able to link what they learned from the experiment or demonstration to other contexts, 

while the students had learned the concepts of heat capacity, latent heat, Charles’ law, 

Boyle’s law and ideal gas laws by using contexts for launching concepts and followed 

by the lecture on the formulae and doing the experiments.  

 

3. School B students’ understanding of heat and thermodynamics concepts 

Student correct responses to each question in the heat and thermodynamics 

concept questionnaire (HTCQ) are shown in Table 6.6. The questions are grouped 

into sets that focus on the key concepts of heat and thermodynamics through the 

varied contexts used in the HTCQ.   
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Table 6.6  The number and percentage of  school B students’ correct responses 

through the varied thermal contexts used in the HTCQ 

 (n=25) 

Students   
Thermal Contexts 

Number Percent 
Heat and Temperature  

Question 1: Possible lowest temperature of super-conductor     
  magnets 

Question 2: The differences between heat and temperature   

 
  2 
 
12 

 
  8 
 
48 

Heat Energy  
Question 3: A glass of hot milk beside the pool  
Question 4: A big and small piece of ice being stored in the freezer 

 
17 (10**) 
13 

 
68 (40**) 
52 

Heat Transfer  
Question 5:Aaluminium and wood strips 
Question 6: Boiling water 
Question 7: The dolls in wrapped blankets 

 
8 
4 
4 

 
32 
16 
16 

Insulators and Conductors   
Question 8: Arranging good insulators and conductors 
Question 9: Materials for keeping hot things warm   
Question 10:Materials for keeping cold things cool  

 
22 
  2 
  4 

88 
  8 
16 

Temperature and Phase Change  
Question 11:Temperature at the phase change 
Question 12:Ttemperature at the boiling point 
Question 13: Temperature change of oil and water  
Question 14: Pressure cooking 

 
20 
18 
  9 (2**) 
14 

 
80 
72 
36 (8**) 
56 

Heat Exchange  
Question 15: Mixing two samples at different temperatures  
Question 16: Mixing two samples at the same temperatures  

 
19 
10 (8**) 

 
76 
38 (32**) 

Thermal Equilibrium 
Question 17: Temperatures of metal and plastic chairs  
Question 18: A big and small piece of ice being stored in the freezer 

 
12 
22 (10**) 

 
48 
88 (40**) 

The second law of thermodynamics 
Question 19: Heat travels between two samples at different 

temperatures 
Question 20: Heat travels between a sample and its surroundings  

 

 
11 
 
  7 (4**) 

 
44 
 
28 (16**) 
 

** correct explanations 

 

This table shows the percentage of students’ understanding of each concept in 

heat and thermodynamics through different thermal contexts. About two thirds of the 

school B students held the scientific understanding of the concepts of temperature and 

phase change. Nearly half the students held the scientific understanding of thermal 

equilibrium and heat exchange by averaging of two thermal contexts of each concept. 

Many students still faced difficulties in understanding the concepts of heat transfer, 

insulators and conductors. In the next section, students’ responses to each of the 
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concepts are described. The proportions of students choosing scientific and non-

scientific explanations across the varied contexts of the question are detailed.  

  

3.1 Heat and temperature  

 

In Question 1, students were given a situation where someone told the 

students that ‘I saw physicists make super-conductor magnets, which were at a 

temperature of –300 °C’. They were asked whether they believe this situation or not. 

Only 8% of students did not believe this sentence because they held the correct 

understanding that a lowest temperature is at -273.15 °C, while 48% of students 

believed this sentence because they understood that the lowest and highest 

temperatures had no limit. About 40% of students thought that -168 °C of liquid 

nitrogen was the lowest temperature. From this result, it seems most students still 

lacked an understanding of absolute temperature.  

 

In the meaning of the terms heat and temperature, from the students’ 

answers in Question 2 about what heat means and what temperature means, the 

categories presented in Table 6.6 emerged. Students’ responses to the term heat were 

categorized into six categories: heat is 1) energy of molecules' vibrations, caused by 

vibration of molecules or dependent on mass and temperature , 2) hot things, 3) 

temperature, 4) sensation, 5) heat resources, and 6) state and temperature changes. 

Students’ responses to the term temperature were categorized into eight categories: 

temperature is: 1) level of heat energy, dependent on mass and/or measured in degree, 

2) measure or unit of heat, 3) heat, 4) temperature is the changing of air or 

surroundings, 5) temperature comes from the changing of heat or energy, 6) 

temperature can be high and low or ot and cold, and 7) degree. Students made 

progress in distinguishing heat and temperature as shown in Table 6.7. More than half 

of the students (58%) defined the term heat as a kind of energy and they defined the 

term temperature (48%) corresponding with the example they gave for their 

explanations of the words heat and temperature. However, 20% of students still 

thought that heat and temperature was the same thing. From the classroom 
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observation, in this lesson, these students did not attend the class because of the 

school activities. 

 

Table 6.7  School B students’ understanding of the terms heat and temperature 

( n=25)  

Students  
Categories of responses 

 
Number   Percent 

 
Heat 
Energy of molecules ' vibrations, caused by vibration of molecules or 

dependent on mass and temperature  
Hot thing 
Temperature 
Sensation 
Heat resources 
State and temperature changes 
High temperature 
Non-Response 
 

12 
 

1 
5 
1 
1 
1 
3 
1 

48 
 

4 
20 
4 
4 
4 

12 
4 

Temperature 
Level of heat energy, dependent on mass and/or measurable in degrees 
Measure or unit of heat 
Heat 
Temperature is the changing of air or surroundings 
Temperature comes from the changing of heat or energy 
Temperature can be high and low or hot and cold 
Degree 
Non-Response 

12 
2 
5 
1 
1 
1 
2 
1 

48 
8 

20 
4 
4 
4 
8 
4 
 

 

3.2 Heat energy 

 

In Question 3, to assess their understanding of heat energy, students 

were asked to compare the amount of heat energy of two objects at different 

temperatures to specify the factors of heat energy. The two objects are made of the 

same material but have different mass. About 40% of the students gave the correct 

answer and explanation that heat energy is dependent on not only specific heat 

capacity and temperature, but also the mass of the objects (Heat as intensity), while 

28% gave the correct prediction but their explanations did not support their answers. 

They thought that the water can receive heat from the surroundings better than the 

milk and because milk changes temperature more than the water. Nearly one third of 

the students (32%) gave the wrong answer which identified that the object that had 
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higher temperature would have more heat energy and students thought that heat 

energy is dependent on the specific heat capacity of objects only.  

 

By changing the context, students were asked to compare the amount of 

heat energy of two objects at 0°C in the freezer in Question 4. The objects are made of 

the same material but have different sizes. The results showed that 52% of students 

held correct understanding that heat energy is dependent on not only specific heat 

capacity, but also the mass of the objects. No students thought that two objects that 

had different sizes (both were the same materials at 0°C) would have the same heat 

energy because both of them were in the same state.  However, nearly half the 

students (48%) held the alternative conceptions of heat energy. From these results, the 

number of students who gave correct response to two different context-based 

problems, Question 3 and 15, were close. These results implied that some of the 

students were able to transfer their understanding of heat energy to different contexts.  

 

3.3 Heat transfer  

 

In Question 5, students were asked to predict the temperature of 

aluminium and wood strips which were put in a truck in a hot day. About 52% of 

students thought that metal was hotter than wood because metal contained more heat 

than wood did and 16% of students thought that the metal could radiate heat better 

than wood did. However, 32 % of students had the correct understanding that the 

metal could conduct heat energy from your hand faster than wood did. In Question 7, 

students were asked to explain the situation why the dolls wrapped in blankets never 

warm up. About 16% of students held correct understanding that both the dolls and 

blankets have no heat energy resources and are at the same temperature. About 68% 

of students identified that the dolls wrapped in blankets never warm up because the 

blankets were made of material which did not hold heat well. 
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3.4 Insulators and conductors 

 

In Question 8, 88% of the students were able to arrange materials from a 

good insulator to a good conductor; glass, ceramics, wood, metal, Styrofoam and 

paper. After that, students’ ability to use their understanding of conductors and 

insulators at an application level was identified. Students were asked to choose the 

most suitable of these materials for keeping things cool and warm things warm in 

Question 9. Only 8% of student held the correct understanding that Styrofoam could 

be used for keeping hot things warm and 16% of them held the correct understanding 

that Styrofoam could be used for keeping cold things cool as well in Question 10. 

Seventy-six percent of students thought that metal was the best material for keeping 

hot things warm and 56% thought that the metal was also good for keep cold things 

cool. These findings showed that students had a good understanding of which material 

was a good insulator or a good conductor such as Styrofoam being a better insulator, 

but many of them were unable to apply their understanding.  

 

3.5 Temperature and phase changes  

 

The result from the Question 11 revealed that 80% of students had the 

correct understanding that the temperature of water at the boiling point did not change 

even if it received more heat energy. The results of Question 12 revealed that 72 % of 

students had the correct understanding that the temperature of the steam could be 

higher than 100 °C. By changing the context, students were asked to give the reasons 

why a pressure cooker can cook faster than a normal cooker in Question 2. More than 

a half of the students (56%) held the correct understanding that the boiling point of 

water can be above 100 °C. Some of the students (42%) hold a specific alternative 

conception, that is, the high pressure made the molecules of gas become smaller, then 

the small molecules helped heat in the pressure cooker to spread more easily and the 

steam is at a higher temperature than the boiling soup.  

 

In Question 13, students were given a situation: equal amounts of water 

and oil (both at the same temperature) are heated by identical gas for the same time. 
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When asked which liquid had higher temperature after five minutes, only 8% of the 

students gave the correct answer and explanation. They thought that oil has a higher 

temperature that water because the specific heat capacity of oil is lower than water. 

Twenty-eight percent of the students gave the correct prediction but their explanations 

did not support their answers. They thought that the factors of temperature change 

were the density and boiling point of oil and water. About 36% of students gave the 

wrong answer which identified that if they put oil and water on the fire at the same 

time then they would have the same temperature. They did not see that the water 

needed to receive more heat than oil to change the temperature. About 28% of 

students gave the wrong explanation that water had higher temperature because the 

density of water was higher than oil. 

 

3.6 Heat exchange 

 

In Question 15, students were asked to predict the final temperature, 

after mixing, of two samples which each have a different temperature. About 76% of 

students were able to predict the final temperature when two samples at different 

temperatures were mixed. Students were also given a situation of one container of 

water and a half of container of alcohol, which are at the same temperature, are 

brought into contact in Question 16. About 38% of the students held the correct 

understanding that both water and alcohol would lose the same amount of heat 

because water and alcohol were at the same temperature, while 40% of the students 

thought that water would lose the greatest amount of heat. Most of them explained 

that the amount of water is larger than that of the alcohol and 24% thought that 

alcohol would lose the greatest amount of heat because most of them thought that the 

specific heat capacity of alcohol was lower than water and alcohol was colder than 

water.  

 

3.7 Thermal equilibrium 

 

Students were asked to predict the temperatures of metal and plastic 

chairs which are in the same room in Question 17. Nearly 12% of students thought 
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that the metal objects felt colder than the plastic objects because they were heavier, 

24% of students thought that metal had less heat to lose than plastic. Another 12% of 

students tried to explain that metal objects were colder than the plastic ones because 

they could absorb heat more than plastics did. Nearly a half of the students (48%) held 

the correct understanding that because both metal and plastic chairs were in the same 

surroundings they were at the same temperature. In Question 18, students were given 

a situation where they have stored two pieces of ice, which are made of the same 

material but have different sizes, in the freezer for an hour. Students were asked to 

compare the temperatures of the two pieces of ice and gave reasons to support their 

answers. About 40% of the students gave the correct prediction and explanation that 

both of them had the same temperature because both of them exchanged heat with the 

freezer until they were the same temperature as the surroundings, while 48% gave the 

correct prediction but their explanations did not support their answers. They thought 

that two pieces of ice would reach the same temperature because two pieces of ice 

were made of the same material (40%), two pieces of ice were in the same state (8%). 

Twelve percent of the students gave the wrong answer, thinking that the temperature 

of a big block of ice and a small ice cube were different because they had different 

sizes and before being stored in the freezer, the two blocks of ice have different 

temperature so after being stored they also have different temperatures. 

  

3.8 The second law of thermodynamics 

 

In their responses to Question 19, when the same amount of water at 60 

°C and alcohol at 20 °C were brought into contact, 44% of students held the correct 

understanding that heat travels from water to alcohol until both water and alcohol are 

at the same temperature, while 16% of students thought that water would lose heat 

energy to alcohol until both water and alcohol had the same amount of energy; 8% 

thought that alcohol would heat up to 40 °C and the water would cool down to 20 °C 

because the specific heat capacity of the alcohol was lower than the specific heat 

capacity of water; and 20% thought that the temperature from water transferred to 

alcohol until both water and alcohol were at 40 °C. About 12% thought that both 
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water and alcohol still were at the same temperature because the boiling point of 

alcohol was lower than water so its temperature could not rise to 60 °C like the water. 

 

By changing the context, the students dealt with the thermal interaction 

of a cup of coffee and the room around it. A cup of coffee at room temperature is left 

in the room for a while. In Question 20, they were asked whether, at the end of the 

interaction a cup of coffee may reach a temperature higher than the room temperature. 

About 16% of students held the correct understanding that it was impossible because 

the surroundings did not give heat energy back to the coffee after they were at the 

same temperature. They understood that heat transferred by itself only from a warmer 

to a colder body. While 12% of students could give the correct prediction that it was 

impossible that coffee had become warm, their explanation did not support their 

answer. More students (72%) held an alternative conception that temperature 

differences might occur by themselves. 

 

3.9 Discussions of school B students’ conceptual understanding  

 

The findings involving the students’ understanding of heat and 

thermodynamics are summarized below.   

 

1) The HTLU enhanced students understanding and transference of concepts 

of heat energy, temperature, temperature and phase change, and thermal equilibrium. 

 

Nearly half the students in school B made big progress in the concept of heat 

energy, temperature, temperature and phase change, heat exchange and thermal 

equilibrium. A considerable number of students, half, seem clear about when the 

water was changing the state, the temperature of water would not change even if it 

was given more heat energy, and the temperature of steam could be higher than the 

boiling point of water. This result implied that the students had understood the process 

of temperature and phase change in terms of water through the experiment approach. 

However, the rest of the students still faced problems about the explanations of the 

temperature changes of two materials (oil and water) comparatively.  They did not 
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understand that the object which had lower heat capacity would increase its 

temperature faster than the object which had higher heat capacity.  

 

The classroom observation showed that, under the time constraints, Busabah 

had skipped the activity which provided the context of seaside and desert 

temperatures at night and day time, which aimed to help students to understand the 

relationship of the value of specific heat capacity and temperature change of two 

different materials. The number of students who gave correct responses to two 

different context based problems (Question 5 and Question 14) involving the concept 

of thermal equilibrium was close. These results implied that those students were able 

to transfer their understanding of thermal equilibrium to different contexts. They were 

able to consider the objects would reach the same temperature as the surroundings.  

 

2) Students still face difficulty in understanding concepts of heat exchange 

and the second law of thermodynamics in the complex context-based problems. 

  

 In the concept of heat transfer, heat exchange and the second law of 

thermodynamics, after the unit, students still faced the problem of transference of 

their understanding to new situations, they were confused or were struggling when the 

context was changed as is shown in Table 6.6. Most of students did well in the 

calculation of the final temperature of the mixing two samples at different 

temperatures. However, they still confused heat exchange when the two samples at 

the same temperature were mixed, because they did not link between the 

understanding of thermal equilibrium and the direction of heat travel. 

 

3) Students had the low progress in the concepts of heat transfer, absolute 

temperature and insulators and conductors. Ignoring or omitting the step of using 

understandings to new contexts might have affected  students’ application of heat and 

thermodynamics concepts 

 

Busabah had skipped the lesson for insulator and conductor. The finding was 

the same as had been found in the exploratory phase that majority of students had a 
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good understanding of which material was a good insulator or a good conductor such 

as Styrofoam being a better insulator, but most of them were unable to apply their 

understanding for choosing the appropriate material for keeping the temperature of 

hot/cold things. Many students still held an alternative understanding of the absolute 

temperature that might be the result of the instruction. In the lesson dealing with the 

absolute temperature, the students were not encouraged to link the context with the 

experiment and the theory because Busabah preferred to use the context as the tool for 

launching concepts. In addition, there was only one context in this lesson, the step of 

applying the concepts to new contexts was omitted, it might have an effect on 

students’ transference of concepts of absolute temperature to new context-based 

problems. 

 

4. Summary of the implication of the HTLU in the school B 
 

In conclusion, Busabah found that teaching through the real life context and 

performing the experiments helped her students to understand the concepts more 

easily and clearly. She had acquired many teaching strategies, particularly the 

strategies for probing student prior understanding from the implementing the HTLU. 

In the further academic year, Busabah did not use the learning materials and work 

sheets in the HTLU. She gave the reason that the most students in that year were the 

high achieving students and they preferred to learn using formulae and preparing for 

the university entrance examinations. However, the contexts which were suggested in 

the HTLU, were utilized by Busabah as the tools for launching the lessons. She found 

that the contexts did help their students understand heat and thermodynamics concepts 

better. As she said, “This year, students learned and understood about heat and 

temperature very well. It might because I had many ideas involving thermal situations 

for discussion with the students.”    
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Case Study Three:  School C 

 

1. Background 

 

1.1 The school setting  

 

The school C is located in the urban area in Bangkok. It is a middle 

public secondary school with +1300 students with thirty-six classes. Each class was of 

mixed student abilities. In the 2005 academic year, there was only one class of Grade 

11 in the Science and Mathematics program. There were four periods a week for the 

physics class. Each period lasted for fifty minutes. One semester consists of eighteen 

weeks for teaching and learning, including mid-term and final examination sessions. 

Most of the students were from middle and lower class families. From an outsider 

view, this school is not a popular school if compared with school A, school B and 

three other participating schools in the exploratory phase.  

 

1.2 Teacher and student background  

 

Chabah is a teacher in school C, who implemented the Heat and 

Thermodynamics Learning Units (HTLU) in her physics class. She had a Master 

degree of Education in Physics Teaching. Her physic teaching experience is +3 years.  

Before the implementation of the HTLU, Chabah had employed lecturing as a main 

instructional method. She held the transmission view of heat and thermodynamics 

teaching and learning. She normally uses the projector instead of blackboard. She 

prepared the instructional media by herself. Her ideas of teaching heat and 

thermodynamics focused on using the formulae and calculations of the given 

problems mainly, but she still believed that doing experiments helped students to 

understand physics concepts. However, there was not enough equipment and time, 

and then she used the demonstrations instead of the experiments.  

 

There were twenty-five students in the participating class. In this 

classroom there were eight average achieving students, fifteen low achieving students 

 



 188

and two high achieving students identified by Chabah. In discussions before 

implementing the HTLU, Chabah thought that her students might not be able to learn 

following the HTLU because most of students (70%) were not good at learning 

physics. Chabah gave the reasons as being that:  

 

Most students in this school are not accepted by other schools or some of them 

live nearby, so that they don’t want to change to other schools. Their parents 

are middle class or lower. Thus, the percentage of parents who see the 

importance of the study and support their children is only about 30%. The 

rest, it depends on student’s interest. Only 30% of students in the science 

program have potential to study science and the rest just follow their friends to 

select this program or their parents choose the program for them.  

 

1.3 Classroom setting 

 

Students learned in a physics laboratory room that did not contain 

sufficient science equipment. But the room was well set up for group work and 

experiments. The students sit in groups, six or seven students per group; three groups 

consisted of students who had low to average achievement and another group 

consisted of six students who had average and high achievement in learning physics. 

The students had set the groups by themselves.   

 

2. Teaching and learning in the heat and thermodynamics learning units 

 

This section focuses on the implementation of the HTLU in School C by 

Chabah. The classroom interactions between the teacher and students were examined 

by taking multiple sources data into consideration: students’ responses from 

classroom observations and in depth interviews.  
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2.1 Overviews of the implementation of the HTLU   

 

From the discussion before the class, Chabah had understood the 

purpose of using contexts in each lesson plan and the links between context and 

concept very well. In the implementation of the HTLU, she followed all processes of 

teaching and learning and the instructional guidelines of the HTLU step by step. 

Chabah spent four periods a week for implementation of the HTLU and completed 

twelve lesson plans in the HTLU (92% of the HTLU learning activities). She skipped 

one lesson plan involving insulators and conductors. The reasons she gave for 

omitting these concepts were 1) these concepts were not difficult concepts for Grade 

11 students, and 2) the students had learned these concepts in Grade 9. 

 

During the implementation of the HTLU, Chabah introduced the lessons 

by using the contexts and focused on driving the concept development from the 

context. She also helped the students to relate the contexts and concepts by discussion 

on contexts and linking back to the context after doing activities. She found that 

students who have low achievement in physics and are less interested in learning 

physics, showed interest in the units, particularly the experimental aspects. Doing 

activities helped them to understand and remember simple concepts. Chabah, also, 

faced the difficulty with time management. She spent more time than was scheduled 

many times. For example, she spent two hours for the teaching and learning about the 

differences between heat and temperature concepts which were allocated one hour. 

She explained that: 

 

I think I did not manage the time well. My teaching is moderately like talking 

and explaining. I did not quicken my teaching because some students can 

learn quickly but some students can learn slowly. If I did teaching too quickly 

they would not understand the concepts and they would have many questions 

later that consume a lot of time. I am worried about this very much. I know it 

is not fair for the quick learning students (high achieving students), they have 

to wait longer and have no time to do the exercises.   
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Changing the traditional classroom to be the contextual classroom had to take longer, 

particularly at the beginning.   

 

There were two groups of students; a group of students (around twelve) 

who had low achievement in learning physics and a group of students (six) who were 

average and high achieving students. Chabah had tried to help the low achieving 

students understand both contexts and concepts by spending more time on each 

activity. But spending a long time with a learning activity affected the average 

achieving students because they became bored with the teacher’s repetition of her 

own words to make sure that all students, particularly the low achieving students, 

understood what she had thought. Chabah also commented that “the HTLU is very 

useful for teaching and learning heat. It helps students understand the concepts more 

but it does need more time, especially for low achieving students.”  The most 

interesting point was a group of girls who in the past the teachers considered had 

appeared bored with physics and had low achievement in physics. They became more 

involved, especially in the experiment aspect. As they said that:  

 

It was very fun to do by this approach. We did the experiment and answered 

the questions (from the situations). We were able to think before learning. We 

did not use many formulae and didn’t have to do much reading.  Doing the 

experiment helped us to understand better than reading. (Sukanya’s group)  

 

2.2 Teaching and learning in practice 

 

This section aims to discuss the context used in the HTLU coupled with 

the learning strategies for use with that context. It will to focus on details of the 

effects of the contexts used in the HTLU, highlighting the teaching and learning 

strategies used by the teacher for the students’ learning and understanding of heat and 

thermodynamics. In addition, the difficulties in implementation of the HTLU, 

particularly the complex concepts such as the Kinetics Theory of Gas and Internal 

Energy, were also described at the last part of this section. 
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2.2.1 Learning through real life contexts 

 

At first, the students were introduced to the context of global 

warming and its effect on a higher sea level. Through this context the students and 

teacher discussed that: “as the oceans warm, the polar icecaps will melt. So sea levels 

will rise.” The students also pointed out that “other factors are also expected to 

contribute to rising sea levels in the event of warmer temperatures, especially thermal 

expansion of ocean waters.” Following on from this, students were encouraged to 

discuss the effects of heat expansion on buildings and constructions prompted by 

photographs of four examples of building and construction contexts: 1) the road, 2) 

the highway, 3) steel railway lines, 4) electric power wires. Students discussed in 

groups and then shared their ideas. The teacher played the role of the guide questioner 

to lead to specific conclusions, for example: 

 
T:   Both picture 1A (the damaged road) and 1B (an expansion gap in the 

road) are the picture of the road, right? Who could explain that what 
has happened in Picture 1A?  

S1: If the road received heat from sunlight or from friction, it would 
expand and push each other (the concrete slabs).  Without the gap, it 
caused damage like in the picture 1A. 

T: Is it dangerous? 
Ss:   Yes… 
T:    Have you seen something like this Picture (1B) in a road or bridge? 

What is this? 
S2:   I have seen it… the gap between the road used for reducing the friction 

between the roads. 
T:   Who has any different ideas? Why does the road need to have this?  
S3: The areas of the gap in the road were left for the road to expand. 
T:    Yes...what will happen to the highway in the Picture B on a very hot 

day? ... 
   

 The students commented on this learning activity stating that they had learned 

the concept of heat expansion. They reported that it was not a difficult concept; from 

the lesson, they were able to understand that how the concept of heat transfer related 

to their real life contexts. As to the application of the concept to new contexts, the 

teacher also showed the students a circuit and bi-metallic strips in the iron and 

discussed how the thermostat worked. The process of multiple contexts helped the 

students to see how the simple concept of heat expansion applied to their lives. As a 
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student said “I like to answer and ask about the road, the highway, railway 

lines…thermostat…I was able to answer the teacher’s questions and explain to 

friends”. Another student said “I really liked learning about these things [the 

constructions] because I knew the reasons for building those things which I had never 

knew before and it is the knowledge which is able to be used in daily life.”  

 

2.2.2 Learning through contexts of technology 

 

The students were introduced to the context of the deep sea 

diving and a SCUBA - or self-contained underwater breathing apparatus - through the 

question: Can divers breathe directly out of the air cylinder? Why? The students were 

able to explain that the divers can not because the high pressure of the air cylinder 

would damage their lungs. In the next step, to investigate the concept from the 

context, the students were presented with the situation of a deep-sea diver who is 

working at a depth where the pressure is 3.0 atmospheres. They were encouraged to 

discuss the questions: When they reach the water surface, will the volume of air 

bubbles breathed by the diver will be bigger or smaller or the same volume as when 

they were under deep water? Why? The students came up alternative ideas which 

were 1) the bubbles would be bigger, and 2) the bubbles would be smaller. The 

students gave the explanations for their predictions, for instance, one student said, “If 

the air bubbles move higher, it would be smaller”. Another student said “The bubbles 

would be bigger when the pressure decreases”. This prediction showed that the 

student held alternative conceptions of Boyle’s law.    

 

To test their prediction – the teacher provided the experiment by 

setting up a model of Boyle’s law with an opportunity to investigate the relationship 

between the volume of gas and the pressure. After this experiment, the students were 

asked to explain the situation which they had been asked to predict at the beginning 

of the lesson for identifying the concept from the context. From the work sheet 

involving the concept of Boyle’s law, a representative student (Chaveevan) was able 

to identify that the bubble would be bigger. One student said, “When the bubble 
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reaches the water surface, the water pressure was decreasing and then the volume of 

air were increased”.  

 

To apply the concept to a new context, the students were given 

one more context about preparing latex balloons for a party. Through this context they 

were asked to select the appropriate size of balloon and the size of gas cylinder by 

using the Boyle’s law. From observation, some of the students, particularly the high 

and average achieving students, completed this activity.  This lesson helped students 

to understand and change their alternative conceptions to become scientific 

conceptions. From the observations, most of the class had understood the context of 

how the gas cylinder works and the size of air bubbles under the water. Moreover, 

these contexts were used a tool for eliciting students’ prior understanding and 

enhanced students’ learning of Boyle’s law. One student said “The prediction from 

the given situation before learning or doing the experiment made me want to know 

more if it was like I had predicted and wanted to learn and to do the experiment” 

(Narisara). Another student said “It was a kind of teaching process which helped me 

to see the difference between the result from the experiment and the prediction of the 

given situation” (Nuttikorn).   

 

2.2.3 Learning through familiar natural world  contexts 

 

For the context of how the body maintains the temperature, 

students dropped the alcohol on their friends’ skin. This context could effectively 

link with the experiments. The students expressed their understanding of phase 

change that the sweat gained heat from our body and then vaporized. They concluded 

that “alcohol changes state from liquid to gas which is called vaporization by gaining 

heat from our body in the same way as when our body gets too hot, it will produce 

sweat. The sweat gains heat from our body and then vaporizes. After we sweat, we 

will feel colder and our body will dry after some time.” They understood that the 

body was the heat resource for alcohol to vaporize. The students had recognized that 

the phase change concepts had the great deal to do with their real life context. 

Another experiment let them to observe dry ice to illustrate sublimation as the dry ice 
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changed state from solid to gas. The students paid close attention to the lesson. The 

teacher and students discussed through the experiment and came up with the 

question, What is the temperature of object when it changing phase? 

 

Further investigation was doing the experiment to study the 

relationship between temperature and time of the state change from solid to gas by 

heating ice. They were asked to note the temperature change of water every minute 

for 15 minutes. At the seventh minute, the temperature of water increased to 90 °C 

rapidly, two groups of the students were afraid of the thermometer, worried that 

temperature of water would increase over the scale of thermometer. Finally they 

found that the temperature of water had not increased after it boiled at 97 °C. To 

identify the concept from the investigation, teacher gave students statements about the 

temperature and phase change and asked each group to answer whether each 

statement is true or false by holding a signboard. The results of students’ responses to 

each statement are shown in Table 6.8. 
 

Table 6.8  School C students’ response to the statements involving the concepts of 

temperature and phase change 
 

 
Statements 

 

 
Group1 

 
Group2 

 
Group3 

 
Group4 

1. When heat is absorbed by an object, its temperature 
always increases. (False) 

False False False False 

2. When heat is given off by an object, its temperature 
always decreases. (False) 

False False False False 

3. Temperature is a physical property of substance: some 
substances are cold, and some are warmer. (False) 

False False False True 

4. Objects left inside a container for a long time will all 
reach the same temperature. (True) 

True True True True 

5. If the temperature of an object that is heated remains the 
same, then there is probably a change in the state of the 
object. (True)    

True True True True 

6. A large of piece ice has a lower temperature then a 
smaller one; therefore, it melts more slowly. (False) 

False False False False 

7. Temperature is a kind of energy. Objects with higher 
temperatures contain more heat, and objects with lower 
temperatures contain less heat. (False) 

False True  False False 

 

The students’ response revealed that all groups understood the concept of 

temperature and phase change. Focusing on the group of low achieving students 

(Group 3), they were able to give the correct response for all statements. This group 
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expressed their opinion in learning in this approach that “The teacher talked and 

taught too fast, we had not understood. By the experiment, we did, we can see how 

the change is. We can understand easier by doing the experiment and learn more than 

only studying theory.” During an interview after the lesson, this group tended to talk 

about the experiment and demonstration rather than talk about the context or theory.   

 

S1: About the plastics and metal balls which were boiled in the water…S2 
had touched them and told us that the metal ball was hotter than the 
plastic ball. 

I: Did you believe what he told you? 
S1: It was really hot…I also tried to touch it by myself. 

I: What did you learn from this? 
S2: Heat transfer …Heat transfers from the metal ball to our hand faster 

than the plastics ball. Then we felt that the metal ball was hotter. The 
amount of heat of the metal ball is more than the plastics ball.  

S3:  Yes…At first I thought that the metal chair was hotter than the wood 
chair…after that I had understood that the both of them have the same 
temperature with the room temperature.  

 

They became more involved in and understand the learning activities, especially in 

the experiment aspect.  

 

2.2.4 The difficulty in teaching and learning the Kinetics Theory 

of Gas and Internal Energy concepts  

 

Chabah had followed the processes of teaching and learning and 

the instructional guidelines of the HTLU step by step until the last two lessons, when 

she faced difficulty with the implementation of the HTLU in the complex concepts, 

particular the complex concepts such as the kinetics theory of gas and internal energy. 

The classroom observation showed that Chabah’s teaching became more traditional in 

its approach. She provided her own Power Point presentations which consisted of 

pictures and documents of the context used in the HTLU, the questions involving the 

context, students’ work sheets and the concepts of heat and thermodynamics dealing 

the contexts following the teaching and learning process of the HTLU, including the 

answer. She gave the reasons for using this Power Point Presentation that “I used 

Power Point for presentation, but still followed the plan. By using the Power Point 
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Presentation, I am not worried if I would miss any learning activities. I also think it 

helps students learning step by step.” By using the Power Point presentation, the 

students paid attention to the teacher and concentrated on the teacher’s Power Point 

presentation rather than their work sheets.  

 

In addition, to teach and learn kinetics theory of gas and internal 

energy concepts, Chabah introduced the lesson with these contexts by discussion of 

how hot-air balloons and heat engine of rockets work. However, because of the time 

constraints, they had no chance to design and make the hot air balloon and heat engine 

boat recommended by the HTLU. Chabah led the students to discuss how heat 

engines work by using a model of the heat engine boat and comparing it with the 

component of the heat engine of the rocket which was presented on the projector. The 

observation showed that the students were able to answer the question dealing with 

the context presented to them. They faced difficulties with linking the internal energy 

of the system with the context of how heat engine works. At the same time, they were 

not able to link that context with such complex concepts. Then Chabah had to use the 

lecture as the main instruction method to cover these complex concepts and the 

students only copied the answer from the Power Point presentation into their work 

sheets.  

 

By this implementation, the teacher found that the contexts, 

particularly hot-air balloons and heat engine of rockets, failed to enhance students’ 

understanding. She discussed the appropriateness of the contexts in the HTLU, saying 

that “Generally, for other schools’ students, these contexts are not difficult for them to 

understand, but not for the school C students. They were unable to understanding the 

context, it is a scaffold for linking the context with the new concept.”    

 

2.3 School C students’ commentary on the contextual approach 

     

  School C students’ responses to heat and thermodynamics learning 

units were investigated by the Likert Scale Questionnaire after the implementation of 
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HTLU. The results presenting an overview of students’ responses to learning 

contextual approach using in HTLU are showed in Table 6.9.  

 

Table 6.9   The frequencies and means of school C student responses to heat and 

thermodynamics learning units  

(n=25) 

Number of Responses  
Statements Strongly 

Disagree 
 

Disagree
Slightly  
Agree 

 
Agree 

 Strongly  
Agree 

 
mean 

1. New concepts are presented in real-life 
situations and experiences that are familiar to 
the student.   

0 0 13 61 26 4.13 
 
 

2. Concepts in examples and student exercises 
are presented in the context of their use. 

0 0 26 70 4 3.78 
 

3. New concepts are presented in the context of 
what students already know.  

0 9 57 35 0 3.26 
 

4. Examples and student exercises include many 
real, believable, problem-solving situations 
that students can recognize as important to 
their current or possible future lives.  

0 0 22 43 35 4.13 
 
 
 

5. Examplse and student exercises cultivate 
attitude of “I need to learn this. 

0 0 35 52 13 3.78 
 

6. Students could gather and analyze their own 
data as they are guided in discovery of the 
important concepts about heat and 
thermodynamics.  

0 0 39 48 13 3.74 
 
 
 

7. Opportunities are presented for students to 
gather and analyze their own data for 
enrichment and extension.  

0 4 43 39 13 3.61 
 
 

8. Lessons and activities encourage the student 
to apply concepts and information in useful 
contexts, projecting the students into 
imagined futures and unfamiliar locations. 

0 13 17 43 26 3.83 
 
 
 

9. Students could participate regularly in 
interactive groups where sharing, 
communicating, and responding to the 
important concepts and decision-making 
occur. 

0 0 30 61 9 3.78 
 
 
 
 

10. Lessons, exercises, and labs improve 
students’ communication skills in addition to 
scientific reasoning and achievement. 

0 0 35 39 26 3.91 
 
 

11. Activities, demonstrations and experiments 
encourage the student to have scientific skills 
such as observation, data collection and data 
analysis. 

0 0 26 43 30 4.04 
 
 
 

12. Lessons and activities encourage the student 
to enjoy learning about heat and 
thermodynamics.  

0 0 39 43 17 3.78 
 
 

13. Lessons and activities help students to 
understand the content more easily. 

0 0 26 61 13 3.87 
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School C students’ responses to the heat and thermodynamics learning units 

were investigated by the Likert Scale Questionnaire after their implementation. The 

results presented an overview of students’ responses on learning contextual and 

constructivist approach using in HTUL. Statements 1-5 in  Table 6.9 dealt with the 

contexts which were presented to students. The results of Statement 1 showed that 

87% of students agreed that new concepts were presented in real-life situations and 

experiences that were familiar to the student (m=4.13) and 78% of them agreed that 

examples and student exercises include many real, believable, problem-solving 

situations that students can recognize as important to their current or possible future 

lives (m=4.13), while 74% of students agreed that the concepts in examples and 

students exercises are presented in the context of their use (m=3.78). Similarly to 

previous schools, the mean of Statement 3 is 3.26, which less than 3.3, that means the 

new concepts were not presented in the context of what student already know.  

 

The Statements 6-11 had more emphasis on learning actively. Seventy three 

percent of students agreed that learning activities encourages them to have scientific 

skills such as observation, data collection and data analysis (Statement 11, m=4.04). 

Students' responsed to Statement 10 (m = 3.91) that this class helped them to improve 

communication skills in addition to scientific reasoning and achievement. Sixty nine 

percent of them also agreed that lessons and activities encourage the student to apply 

concepts and information in useful contexts, projecting them into imagined futures 

and unfamiliar locations (Statement 8, m=3.83). They had participated regularly in 

interactive groups where sharing, communicating, and responding to the important 

concepts and decision-making occur (Statement 9, m=3.78) and they could gather and 

analyze their own data as they were guided in the discovery of the important concepts 

about heat and thermodynamics (Statement 6, m=3.74). About 52% of students agreed 

that opportunities were presented for them to gather and analyze their own data for 

enrichment and extension (Statement 7, m=3.61).  

 

For the extra Statements 12-13, more than 80% of the students thought that 

lessons and activities encouraged them to enjoy learning about heat and 

thermodynamics (m=3.78) and 74% agreed that the lessons and activities also helped 
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them to understand the content more easily (m=3.87). The students’ comments on 

learning of the HTLU from the interviews are summarized below. 

 

-  Motivated students’ learning   

From the VDO about fire walking, I like to see the real multimedia more than 

slides on power point. It was fun to do the experiment with friends. Some 

result was right and some result was wrong. However, we did it by ourselves, 

even though there was an error in the experiment results. (Sakunkanr)  

Learning by given real situation multimedia and conducting the experiment 

are exciting. These techniques increase our curiousity. (Thishaporn) 

It’s like we know what we never known before and what we doubt about, for 

example, fire walking, green-house effect, body temperature balance by sweat 

evaporation, different planet different temperature. We know how these 

contexts happen. I feel great to what I would like to know. (Narisrah)  

It is a subject I like very much because I used to misunderstand about heat 

capacity. I already understood it. I also like the situation about steaming boat. 

It is strange that the boat can move. I know more about the principles. 

(Pashara)  

Learning multimedia is very interesting, it is new and encourages us to learn 

more. (Thanoo) 

 

-  Enhanced analytical thinking 

I like the subjects about ordering various materials by their temperature and 

energy because I only learn from pictures, but I do not know about it deeply. 

For example, I thought that only surrounding factors affect the material’s 

temperature, not its characteristics. In fact, we must consider many factors 

together. We should think about it in every aspect before answer. (Sakunkanr) 

By reading the sheets of interesting stories; plants and animals in desert and 

the mechanism of refrigerator and rocket, encourage us think systematically 

and we can apply the knowledge in everyday life. (Nuttikonr) 
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-  Enhanced understanding  

I like the subjects about ordering temperature and energy of various materials, 

predicting the temperatures of steel and wood and predicting the size of 

bubbles under water because we did analyze some materials in the every day 

life. It is easier for us to learn about. (Thanaputr) 

 

-  Made science relevant to everyday-life context 

I had this experience before because when I was diving I had a ringing in my 

ears. (Akekarat)  

Before I just thought that the given situation is ordinary circumstance in our 

every life but after learned more I realized that it is very important to us such 

as the green house effect phenomenon negatively affects all beings on the 

earth. By learning more than the other people, I feel I am smarter. (Jiradah)  

 

-  Increased learning in experimental works 

I am interested in every given subjects because there are various experiment 

giving me the picture and I can understand easier. (Nuttakanr) 

I think the experiment proved what the scientist’s state and it made us see the 

difference. (Nuttikorn) 

I feel it is not easy to do the experiment but we can understand easier and 

faster than only reading the book. (Thanaput) 

I like the experiment very much because we learned the techniques and 

method that we never knew before. We learn more knowledge. (Jiradah) 

 

In conclusion, the students generally appeared to enjoy the lesson, especially 

learning in the experimental work. These helped student understand the concepts 

better than learning by memorizing. Learning activities also motivated student 

learning by giving real situation multimedia and conducting the experiment. These 

techniques enhance student interest.  
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2.4 School C teacher’s commentary on the contextual approach 

  

Chabah’s comments are summarized in the following section.  

 

- Enhanced understanding  

With the effective teaching approach the student understood the concepts 

better. For example, expansion of construction materials was a good context. 

We had picture for students to see and compare. They saw it clearly and 

ordering of the learning activities also enhanced students’ understanding very 

well. … The strength of the units is to emphasize the presentations of real 

situations and experiments for student. Therefore, they can link and discuss 

what they saw and learned. Then they can understand it better.  

 

- Increased learning in experimental work 

For some concepts or some experiments, students ask if it is really true. 

Without the experiment, I would not know if it is true…. There were two 

different groups of students. Active students, they will focus only doing the 

exercises. They do not understand that the experiment will enhance their 

understanding. But another group likes to do the experiment because it gives 

them better understanding in the concepts. 

 

- Extended to new ideas or new concepts 

During using the dry ice for exhibiting the phase change of the substance, 

students put some part of dry ice into water and asked how it could happen 

like this. Then, I explained more about the other related concepts which was 

more than expected learning outcomes. They used and modified this 

experiment to show in the Science Exhibition because they thought the 

students in Grade 7 would be interested. They put dry ice in various colors of 

water creating various colorful smoke and explained why it could happen. 
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- Enhanced students’  interest 

The number of students who are interested in learning increased compared 

with before when I only used the concept for explanation and gave the 

example. But with this approach, by giving the real situation and experiment, I 

don’t have to explain as much as before. After the experiment, I immediately 

explain about the experiment result and followed by the concept together …  

how physics can explain the experiment. If I gave the concept before the 

experiment, student would not be interested much. It is much better to make 

them curious to know more. 

   

- Lack of  calculations 

The concept is fine but the exercises still lack diversity. Calculation should be 

emphasized with the concept. I still like to teach the calculation because 

students have to use calculation for the examination. 

 

-  Non-Positive response from high achieving students 

A few active students paid some attention to learn what the situation is and 

how it happens. After they understood the concept, they did not participate 

more but they were looking forward to do the exercise for calculation. 

 

-  Modified approach to teaching  

The demonstration can link the concept to calculation easier. It is good to 

apply the plan to some lesson or show the real situation. For example, I used 

VDO for introducing the lesson. Then, I taught the lesson as usual. … Some 

examples for introducing the lesson are the experiment. But I applied them as 

the demonstration instead of doing the experiment. Another idea is to 

distribute the data sheet to students before the lesson starts. Most of students 

do not like to read. Thus, I gave the data sheet of some difficult subjects to 

student before lecture. They can know what we will learn about and what the 

important thing to know is.  
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2.5 Discussions of school C teaching and learning in the HTLU    

 

Using context as the tool for driving or launching concepts was used as 

the power tool for eliciting the student prior knowledge or prior understanding of heat 

and thermodynamics. Chabah helped the students to relate contexts and concepts by 

discussion of contexts then linking back to the context after doing activities. It helps 

students understand the concepts more but it does need more time, especially for low 

achieving students. Another problem was doing the experiments. The students spent 

too much time with each experiment. At first, Chabah tried to solve this problem by 

changing the experiment to be a demonstration, but she found that the students, 

particularly the low achieving students, did not pay attention to the demonstrations. 

Then she allowed students to do the experiments by themselves and found that the 

experiments helped them to understand and remember simple concepts. However, she 

sometimes omitted the students’ experimental data. She showed her own experiment 

data on the projector and discussed with the students from the teacher’s data, not from 

student’s data. Thus some parts of Chabah’s teaching became more traditional in 

approach because she wanted to complete all activities following the timelines. One 

of the unexpected results to emerge from the qualitative data is that students faced 

difficulty with understanding the context, particularly the context of technology; heat 

engine of a rocket and hot air balloon. Then the teacher was unable to follow the 

learning activities underlying the contextual approach. Likewise, when the concepts 

were too complex and abstract, student were unable to link the context with the 

abstract concepts. 

 

3. School C students’ understanding of heat and thermodynamics concepts  

 

The result of school C students’ correct responses to each question in the 

HTCQ is shown in Table 6.10. The questions are grouped into sets that focused on the 

key concepts of the students’ understanding of heat and thermodynamics through the 

varied contexts used in the HTCQ.   
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Table 6.10 The number and percentage of school C students’ correct responses 

through the varied thermal contexts used in the HTCQ 

 (n=25) 

Students  
Thermal Contexts 

Number Percent 

Heat and Temperature  
Question 1: Possible lowest temperature of super-conductor magnets 
Question 2: The differences of heat and temperature   

 
4 
16 

 
16 
64 

Heat Energy  
Question 3: A glass of hot milk beside the pool  
Question 4: A big and small piece of ice being stored in the freezer 

 
12 (11**) 
6 

 
48 (44**)
24 

Heat Transfer  
Question 5: Aluminium and wood strips 
Question 6: Boiling water 
Question 7: The dolls in wrapped blankets 

 
9 
6 
5 

 
36 
24 
20 

Insulators and Conductors   
Question 8: Arranging good insulators and conductors 
Question 9: Materials for keeping hot things warm   
Question 10: Materials for keeping cold things cool  

 
12 
0 
2 

 
48 
0 
8 

Temperature and Phase Change  
Question 11: Temperature at the phase change 
Question 12: Temperature at the boiling point 
Question 13: Temperature change of oil and water  
Question 14: Pressure cooking 

 
18 
15 
17 (6**) 
10 

 
72 
60 
68 (24**)
40 

Heat Exchange  
Question 15: Mixing two samples at different temperatures  
Question 16: Mixing two samples at the same temperatures  

 
11 
10 (8**) 

 
44 
40 (32**)

Thermal Equilibrium 
Question 17:Temperatures of metal and plastic chairs  
Question 18: A big and small piece of ice being stored in the freezer 

 
11 
21 (16**) 

 
44 
84 (64**)

The second law of thermodynamics 
Question 19: Heat travels between two samples at different 

temperatures 
     Question 20: Heat travels between a sample and its surroundings  

 
9 
 
15 (10**) 

 
36 
 
60 (40**)

** correct explanations 

  

This table shows the percentage of students’ understanding of each 

concept in heat and thermodynamics through different thermal contexts. More than 

half school B students held a scientific understanding in the concepts of thermal 

equilibrium, temperature and phase change. About one third of the students held the 

scientific understanding in heat exchange, heat energy and the second law of 

thermodynamics. Many students still faced difficulties in understanding the concepts 

of heat transfer, insulators and conductors. In the next section, students’ responses to 

each of the concepts are described. The proportions of students choosing scientific 

and non-scientific explanations across the varied contexts of the question are detailed. 
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3.1 Heat and temperature  

 

In Question 1, students were given a situation: ‘I saw physicists make 

super-conductor magnets, which were at a temperature of –300 °C’. They were asked 

whether they believed this situation or not. About 16% of students did not believe this 

sentence because they held the correct understanding that the lowest temperature is at 

-273.15 °C. Most of the students believed this sentence because they understood that 

temperatures had no limit (28%), or that the -168 °C of liquid nitrogen was the lowest 

temperature (28%) or that super-conductor magnets were a good electrical conductor 

and also a good heat conductor and so it was impossible to cool them to such a low 

temperature (28%).  

 

To seek students’ conceptions of heat and temperature, in Question 2 students 

were asked to explain the terms heat and temperature. Students’ responses were 

classified as presented in the Table 6.11. 
 

Table 6.11 School C students’ understanding of the terms heat and temperature  

(n=25) 

Students  
Categories of responses 
 Number    Percent 
 
Heat 

Energy which depends on the temperature 
Hot thing 
Temperature 
Sensation 
Heat is in the object 
Heat resources 
Can not be lower than zero 
Non-Response 

16 
2 
2 
2 
1 
1 
1 
1 

64 
8 
8 
8 
4 
4 
4 
4 

 
Temperature 

Level of heat energy 
Measure or unit of heat 
Heat 
Temperature is the changing of air or surroundings 
Temperature can be high and low or hot and cold 
Temperature comes from the changing of heat or energy 
Non-Response 

10 
1 
2 
6 
3 
2 
1 
 

40 
4 
8 

24 
12 
8 
4 
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 Students’ responses to the term heat were categorized into seven 

categories: heat is 1) energy, which depends on the temperature, 2) hot thing, 3) 

temperature, 4) sensation, 5) heat is in the object, 6) heat resources, and 7) heat can 

not be lower than zero. Students’ responses to the term temperature were categorized 

into six categories: temperature is 1) level of heat energy, 2) measure or unit of heat, 

3) heat, 4) temperature is the changing of air or surroundings, 5) temperature can be 

high and low or hot and cold, and 6) temperature comes from the changing of heat or 

energy. Students made big progress in understanding the differences of heat and 

temperature, as shown in Table 6.11, which revealed that 64% of students defined the 

term heat in terms of a kind of energy and 40% of students defined the word 

temperature in terms of level of heat energy. Only 8% of students identified that there 

was no difference between heat and temperature as the students said that heat and 

temperature were the same thing. 

 

3.2 Heat energy 

 

In Question 3, to assess students’ understanding of heat energy, students 

were asked to compare the amount of heat energy of two objects at different 

temperatures to specify the factors of heat energy. The two objects were made of the 

same material but had different mass. About 44% of the students gave the correct 

answer and explanation that heat energy is dependent on not only specific heat 

capacity and temperature, but also the mass of the objects (Heat as intensity). About 

4% of students gave the correct prediction but their explanations did not support their 

answers. They thought that the water can receive heat from the surroundings better 

than the milk. About 52% of students gave the wrong answer and identified that the 

object that had higher temperature would have more heat energy. These students most 

likely thought that heat energy is dependent on the specific heat capacity of objects 

only.  

 

Changing the context, students were asked to compare the amount of 

heat energy of two objects at 0°C in the freezer in Question 4.  The objects were made 

of the same material but had different sizes. The results showed that 24% of students 
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held the correct understanding that heat energy is dependent on not only specific heat 

capacity, but also the mass of the objects, while 20% of students thought that two 

objects that had different sizes (both were the same materials at 0°C) would have the 

same heat energy because both of them were in the same state and 32% of them 

thought that heat energy was dependent on the specific heat capacity of objects, so 

that if both of them were made from the same material, they would have the same 

heat energy. Interestingly, some students still thought that specific heat capacity was 

dependent on the size of objects (16%) and the heat energy of the small one was more 

than the heat energy of the big one because the small one had less area so it could 

melt more easily than the big one (8%). 

 

3.3 Heat transfer  

 

In Question 5, students were asked to predict the temperature of 

aluminium and wood strips which were put in a truck in a hot day. The results 

revealed that 40% of students still thought that metal was hotter than wood because 

metal held heat better than wood did, 16% thought that the metal could radiate heat 

better than wood did and 8% thought that the metal was naturally colder than plastic 

because it could attract more heat than wood. However, 36 % of students held the 

correct understanding that the metal could conduct heat energy from your hand faster 

than wood did. By changing the context, Question 7, students were asked to explain 

the situation why the dolls in wrapped blankets never warm up. Twenty percent of the 

students held the correct understanding that both the dolls and blankets have no heat 

energy resources and are at the same temperature. About 32% of students identified 

that the dolls in wrapped blankets never warm up because the blankets were made of 

material which did not hold heat well; 12% thought that blankets were poor 

conductors, 8% thought that the blankets used were probably poor insulation and 28% 

thought the dolls were made of material which took a long time to warm up. 
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3.4 Insulators and conductors 

 

In Question 8, about 48% of the students were able to arrange materials 

from a good insulator to a good conductor; glass, ceramics, wood, metal, Styrofoam 

and paper. After that, students’ ability to use their understanding of conductors and 

insulators at an application level was identified. Students were asked to choose the 

materials from glass, ceramics, wood, metal, Styrofoam and paper most suitable for 

keeping things cool and keeping things warm. No student held the correct 

understanding that Styrofoam could be used for keeping hot things warm and only 8% 

of them held the correct understanding that Styrofoam could be used for keeping cold 

things cool as well, while 80% of students identified that metal is the best material of 

keeping hot things warm and 64% identified the metal as also good for keeping cold 

things cool as well. These findings showed that students had a good understanding of 

which material was a good insulator or a good conductor such as Styrofoam being a 

better insulator, but many of them were unable to apply their understanding. 

 

3.5 Temperature and phase changes  

 

From the Question 11, the result revealed that 72% of students had the 

correct understanding that the temperature of water at the boiling point did not 

changed even if it got more heat energy. The results of Question 12 revealed that 60% 

of students had the correct understanding that the temperature of the steam could be 

higher than 100 °C. To investigate subjects’ conceptions of temperature and phase 

change, students were asked to give the reasons why a pressure cooker can cook faster 

than a normal cooker in Question 2. Less than a half of students (40%) held the 

correct understanding that the boiling point of water can be above 100 °C. In Question 

13, students were given a situation: equal amounts of water and oil (both at the same 

temperature) are heated by identical gas in the same time. When asked which liquid 

had higher temperature after five minutes, 24% of the students gave the correct 

answer and explanation. They thought that oil had a higher temperature than water 

because the specific heat capacity of oil is lower than water. However, 44% of the 

students gave the correct prediction but their explanations did not support their 
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answers. They thought that the factors of temperature change were the density and 

boiling point of oil and water. The rest (32%) of them gave the wrong answer which 

identified that if they are put oil and water on the fire at the same time then they 

would have the same temperature. They did not see that the water needed to receive 

more heat than oil to change the temperature.  

 

3.6 Heat exchange 

 

In Question 15, students were asked to predict the final temperature after 

mixing of two samples which have different temperatures. About 44% of students 

were able to predict the final temperature when two samples at different temperatures 

were mixed. Most of them understood that the final temperature cannot be higher than 

the temperature of either sample before mixing. They also were given a situation 

where one container of water and a half of container of alcohol, which are at the same 

temperature, were brought into contact (Question 16). About 32% of students gave the 

correct explanation why both water and alcohol lose the same amount of heat because 

water and alcohol were at the same temperature, while 22% of students thought that 

water would lose the greatest amount of heat. Most of them explained that the amount 

of water is larger than alcohol. Nearly half of the students 46% thought that alcohol 

would lose the greatest amount of heat.  

 

3.7 Thermal equilibrium 

 

Students were asked to predict the temperatures of metal and plastic 

chairs which are in the same room in Question 17. More than half of the students 

identified that the temperatures of metal chairs were higher than plastics chairs 

because they thought that the metal objects were heavier (24%), the metal had less 

heat to lose than plastic (28%) or the metal was naturally colder than plastic (4%). 

However, 44% of students held the correct understanding that both metal and plastic 

chairs were in the same surroundings. They were at the same temperature. In Question 

18, students were given the situation that they have stored two pieces of ice, which 

make of the same material but have different sizes, in the freezer for an hour. Students 
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were asked to compare the temperatures of two pieces of ice and gave reasons to 

support their answers. About 64% of students gave the correct prediction and 

explanation that both of them had the same temperature because both of them 

exchanged heat with the freezer until they were the same temperature as the 

surroundings. The remaining 20% of students gave the correct prediction but their 

explanations did not support their answers.  

 

3.8 The second law of thermodynamics 

 

The findings from the Question 19, when the same amount of 

water at 60 °C and alcohol at 20 °C were brought into contact, were that 36% of 

students held the correct understanding that heat travels from water to alcohol until 

both water and alcohol are at the same temperature, while 20% of the students thought 

that water would lose heat energy to alcohol until both water and alcohol had the 

same amount of energy; 28% thought that alcohol would heat up to 40 °C and the 

water would cool down to 20 °C because the specific heat capacity of the alcohol was 

lower than the specific heat capacity of water; 12% thought that the temperature from 

water transferred to alcohol until both water and alcohol were at 40 °C. By changing 

the context, the students dealt with the thermal interaction of a cup of coffee and the 

room around it. A cup of coffee at room temperature is left in the room for a while. In 

Question 20, they were asked whether, at the end of the interaction, a cup of coffee 

may reach the temperature higher than the room temperature. Forty percent of 

students held the correct understanding that it was impossible because the 

surroundings did not give heat energy back to the coffee after they were at the same 

temperature. They understood that heat transferred itself only from a warmer to a 

colder body. Twenty percent of the students gave the correct prediction that it was 

impossible that coffee had become warm but their explanation did not support their 

answer, while 40% of students thought that it was possible that coffee had become 

warm because the surroundings can gain heat energy from coffee while coffee can 

gain heat energy from surroundings to become warm. They did not think that all real 

processes take place by themselves in only one direction.  
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3.9 Discussions of school C students’ conceptual understanding 

 

The findings involving the students’ understanding of heat and 

thermodynamics are summarized in the following section.   

 

1) The HTLU enhanced student understanding and transfer of the heat and 

thermodynamics concepts of heat energy, temperature and phase change, heat 

exchange and thermal equilibrium. Student had low progress in the concepts of heat 

transfer, absolute temperature and insulators and conductors.    

 

About 40% of school C students, who were the average and high achieving 

students, used scientific concepts to explain the various contexts involving the 

concepts of heat energy, temperature and phase change and thermal equilibrium. 

However, the rest of them still faced the problem of transferring their understanding 

to new situations, they were confused or struggled when the context was changed. For 

example, from the observation and students’ work sheets, most of students were able 

to give the correct responses to statements dealing with temperature and phase 

change. Likewise, most of them were able to give the correct response to the simple 

contexts; temperature and phase change of water. But the students did not consider 

specific heat capacity as a factor of temperature change when the context based 

problem was changed. As was the case for school B, Chabah had skipped the lesson 

for insulator and conductor. As had been found in the exploratory phase, the students 

had a good understanding of which material was a good insulator and or a good 

conductor but most of them were unable to apply their understanding by choosing the 

appropriate material for maintaining the temperature of hot/cold things.  

 

2) The number of students who gave the correct responses and correct 

explanations of the context-based problems of heat and thermodynamics increased. 

  

 The student’s responses to the varied contexts and their explanations 

from Questions 3, 13, 16, 18 and 20 in the HTCQ were considered and shown in the 

Table 6.10. The graphs of students’ responses to heat energy, temperature change, 

 



 212

thermal equilibrium and the second law of thermodynamics revealed that the 

percentages of students who were able to identify the correct answers were able to 

give the scientific explanations for their answer had increased.  This approach helped 

students to develop their abilities in explaining the new context by using appropriate 

science concepts.  

 

4.  Summary of the implementation of the HTLU in school C 

  

 In conclusion, in the school C class many students responded well to the 

investigation through the context-based problems. They also enjoyed doing the 

experiment. The majority of students indicated that they felt they could contribute 

more in the class. The teacher commented that implementing contextual physics has 

been a challenge, and is quite time consuming. Especially, for the low achieving 

students, enhancing their understanding both in contexts and concepts required a long 

time to complete each activity. The students paid attention with all the contexts by 

discussing and sharing their ideas. Sometimes the context failed to enhance students’ 

understanding when the concepts were too complex and abstract, and students were 

unable to link the context with the abstract concepts. Another problem was doing the 

experiments. The students spent too much time with each experiment. School C 

students, who were the average and high achieving students, were able to explain the 

various contexts involving the concepts of heat energy, temperature and phase change 

and thermal equilibrium. Many of them still had the low progress in the concepts of 

heat transfer, absolute temperature and insulators and conductors. However majority 

of students thought that lessons and activities encourage the student to enjoy learning 

about heat and thermodynamics and lessons and activities also help students 

understand the content more easily. 
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Cross Case Discussions and Conclusions 

 

1. Teaching and learning  

 

 In their implementation of the HTLU, all three teachers were able to use the 

learning materials and learning activities independently. At school A, Amorn 

followed the plans and used all the learning activities. Her view of teaching appeared 

to be in sympathy with the contextual approach. She used contexts frequently in parts 

of her classroom interaction. More of her lessons used the contextual approach rather 

than the traditional approach. Her students generally found the contextual approach 

more accessible, interesting and memorable than their previous experiences of physics 

learning.  

 

 At school B, Busabah held the most traditional view of teaching of the three 

teachers. Her teaching combined both the traditional approach and the contextual 

approach for teaching and learning in the implementation of the HTLU. The 

observation data showed that half of the lesson included contexts as a tool for driving 

the concept. Many students, particularly the low and average achieving students, 

found this approach interesting. The other half of the contexts used by Busabah were 

introduced as a tool for launching a concept, contexts were used as examples not as a 

teaching approach. The students were not encouraged to apply their understanding to 

new contexts. She made it possible for students to ignore the context. They 

concentrated more on doing experiments and the demonstrations and using formulae 

and mathematical problems than solving context-based problems. The students were 

engaged with the context only to the extent needed to discern the numerical 

information for replacement in the selected formula as a ‘formula fit’. Obviously, the 

solution was usually stated in abstract terms without referring to the context. From the 

student interviews, students were able to discuss the experiment and theory, but they 

were not able to deal the new contexts with the appropriate theory. The students might 

not able to generalize their knowledge outside the context in which it was initially 

learned. 
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At School C, Chabah found the contextual approach useful with the average 

achieving students only. She said:   
 

Both the high and low achieving students did not develop their understanding 

through this approach. Because the students, who have high achievement, 

thought they already knew, and then they would not pay attention to the 

learning activities, finally they have kept holding their misconceptions. When 

the low achieving students were not able to understand the contexts, then the 

contexts did not help then to develop their conceptual understanding. 

  

 Likewise, the findings from the student interviews indicated that the low 

achieving students did not see how to relate the context to further activities. However, 

they showed interest in the units, particularly the experimental aspect. The students 

found that doing experiments helped them to understand and remember simple 

concepts although they were unable to link/transfer their understanding to more 

complex contexts.  There were a large number of low achieving students (70%) in this 

class; it seems that teaching through the contextual approach as a main strategy 

stressed the teacher when the contextual approach failed to engage the students’ 

understanding, especially for complex contexts such as technology.  

 

 Although the classes had varying strengths and weaknesses, a review of the 

data from the learning heat and thermodynamics questionnaire (LHTQ) which 

embodied the contextual teaching and learning (CTL) principles revealed an 

impressive response on a  Likert scale (see Table 6.12). In this table, response 

frequencies to a 5 point Likert scale are presented the means of each statement of each 

case study and the average means of all case studies.  
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Table  6.12   Three case study students responding to the learning heat and 

thermodynamics questionnaire by means.  

(n=102) 

Means                    
Statements School 

A 
School 

B 
School 

C 
All 

cases 
1. New concepts are presented in real-life situations and 

experiences that are familiar to the student.   
3.75 3.55 4.13 

 
3.81 

 
2. Concepts in examples and students exercises are presented 

in the context of their use. 
3.86 3.70 3.78 

 
3.78 

 
3. New concepts presented in the context of what students 

already know.  
3.10 3.25 3.26 

 
3.20 

 
4. Examples and student exercises include many real, 

believable, problem-solving situations that students can 
recognize as important to their current or possible future 
lives.  

4.06 3.60 4.13 
 
 
 

3.93 
 
 
 

5. Examples and student exercises cultivate an attitude of  “I 
need to learn this. 

3.82 3.45 3.78 
 

3.68 
 

6. Students could gather and analyze their own data as they 
are guided in discovery of the important concepts of heat 
and thermodynamics.  

3.51 3.55 3.74 
 
 

3.60 
 
 

7. Opportunities are presented for students to gather and 
analyze their own data for enrichment and extension.  

3.20 3.30 3.61 
 

3.37 
 

8. Lessons and activities encourage the student to apply 
concepts and information in useful contexts, projecting the 
students into imagined futures and unfamiliar locations. 

3.61 3.45 3.83 
 
 

3.63 
 
 

9. Students could participate regularly in interactive groups 
where sharing, communicating, and responding to the 
important concepts and decision-making occur. 

3.86 3.65 3.78 
 
 

3.76 
 
 

10. Lessons, exercises, and labs improve students’ 
communication skills in addition to scientific reasoning 
and achievement. 

3.65 3.60 3.91 
 
 

3.72 
 
 

11. Activities, demonstrations and experiments encourage the 
student to have scientific skills such as observation, data 
collection and data analysis. 

3.98 3.80 4.04 
 
 

3.94 
 
 

12. Lessons and activities encourage the student to enjoy 
learning about heat and thermodynamics.  

4.14 3.70 3.78 
 

3.87 
 

13. Lessons and activities help students to understand the 
content more easily. 

4.10 3.85 3.87 
 

3.94 
 

 
 

Data from student surveys (Table 6.12) show that the HTLU is particularly 

strong in actively engaging students in learning and providing learning activities for 

diverse student needs and interests (Statement 5, overall mean =3.68). It also enabled 

students to do real world, context-based problem-solving (Statement 4, overall 

m=3.93), and created a caring community of students in the classroom (Statement 9, 

overall m=3.76 and Statement 10, overall m=3.72). Students clearly and consistently 

rated these classes as interesting and enjoyable (Statement 12, overall m = 3.87) and 

they felt strongly that they had learned more and understand the content more easily 
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(Statement 13, overall m = 3.94).   The results which emerged from the quantitative 

data were that students disagreed that new concepts were presented in the context of 

what they already knew (Statement 3, overall m = 3.20). It was not a surprising result 

because the HTLU intended to provide the contexts which were both familiar and 

unfamiliar to the students. School A students commented that they lacked 

opportunities to gather and analyze their own data (m =3.20). In such a big class, the 

teacher was unable to provide opportunities for all groups to present or share data.  

 

Almost all features of the contextual approach were responded to 

appreciatively in the case of Schools A and C by over two thirds and over half in each 

case study respectively. Basically, when students are given the opportunity to learn 

through a contextual approach that actively engages them in critical thinking around 

real life problems in groups working in an inclusive classroom they felt they had 

learned. As a students said, “I liked [the units] because I had practiced my senses and 

shared my opinion with other friends before we made a decision. I saw the ceremony 

[fire walking] but it was not very strange as I thought. It made me interested and I 

would like to know more about these activities” (Pennapa). In such contexts of 

learning, most of students experienced some contexts which were able to motivate 

their understanding, make the concept clear and make the science relevant to their 

everyday life. One student, for example, said, “We can link the knowledge with every 

day life. It is easier to understand, I can know more about my surroundings” 

(Nuttanoon). Another student said, “I can learn more and know how to adapt the 

knowledge to any matter in my real life, reasonably” (Suparaporn).  However, a few 

students, particularly the high achievers, did not react very positively to the units. One 

such student said, “I don’t like this learning approach. I like the conclusion learning 

approach where we can apply knowledge directly” (Mai). This group of students 

tended to think that talking about the context and doing activities took too much time. 

They preferred the previous teaching approach which emphasized using formulae and 

solving mathematical problems. 

 

In conclusion, the feedback both informal and questionnaires was very 

positive regarding the implementation of the HTLU contextual approach. Contexts in 
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learning activities, work sheets and assessment tasks provided opportunities for 

teachers to link between students’ everyday experiences and the science content. All 

the case findings revealed that 1) the students, particularly the low and average 

achieving students, found the approach interesting; and 2) a few students, particularly 

the high achieving students, did not find the approach interesting. Learning through 

the contextual approach still encountered the problem of traditional teacher attitudes 

and the ability of students. The findings of this study suggest teachers' understandings 

and implementation of the key features of the contextual approach which uses 

contexts to drive concepts enabled the teachers to support their students to learn 

actively. 

  

2. Students’ understandings of heat and thermodynamics  

 

Student understanding was explored using the HTCQ after implementation of 

the HTLU. The results of HTCQ from three the high schools in the exploratory phase 

(traditional approach) and three high schools (school A, B, C) in the evaluation phase 

(contextual approach) are shown in Figure 6.5. The figure shows that more of the 

students who participated in the implementation of the HTLU held science conceptual 

understandings and fewer alternative conceptions. The group of 214 students who 

were taught with the traditional approach scored an average 18% in the heat and 

thermodynamics concepts. The school A students who followed the contextual 

approach scored an average 61%. While the school B and school C students scored an 

average of 42% and 35%, respectively. This indicates that the units helped students to 

understand and make progress in transferring the concepts of heat and 

thermodynamics into different specific situations. 
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The HTLU targeted resistant alternative conceptions, which were investigated 

in the exploratory phase. These results of the implementation of the HTLU showed 

high profit for revising the alternative conceptions through the contextual approach. 

For example, the thermal equilibrium alternative conceptions are known to be 

consistently difficult for students to revise (e.g. Tiberghien, 1985; Driver, 1989; 

Thomaz et al., 1995; Harrison, Grayson and Treagust, 1999; Clark and Jorde, 2004) 

but in this study the HTLU used a range of contexts for thermal equilibrium and why 

objects feel different along with discussion on the sensation and the temperature 

aspects. The everyday contexts were brought into the classroom and science 

explanations/concepts were generated from the experiment results, as was discussed 

in detail in the first case study.  

 

One of the most difficult problems in heat and thermodynamics is that of 

differentiating between the concepts of heat and temperature (Erickson, 1979; Wiser 

and Carey, 1983; Linn and Songer, 1991). This study worked within the limitation of 

time constraints on teaching and learning, to provide one lesson designed to revise 

this difficulty. The researcher’s ideas about learning heat and temperature through the 

context of everyday objects combined with a framework of intensive properties and 

extensive properties (Kesidou and Duit, 1993) were used to help students to 

distinguish between heat and temperature. The results from the HTCQ and the 

interviews revealed that nearly two thirds (60%) of the students held the scientific 

understanding of heat and temperature after the implementation of the HTLU. This 

lesson also helped a number of students to consider heat energy depended on not only 

specific heat capacity and temperature, but also the mass of the objects (see Question 

3 and Question 4 in heat energy). Prior to students’ understanding of the differences 

between heat and temperature, heat is regarded as dependent on the mass of objects 

and temperature as independent of the mass of objects.  

 

Another common alternative conception was the confusion about insulators 

and conductors that each material was good for keeping hot objects warm but could 

not keep cold objects cool (Newell and Ross, 1996; Lubben, Netshisaulu and 

Campbell, 1998). This study tried to revise these alternative conceptions by providing 
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the context of Plants and Animals in Deserts and then encouraging students to find out 

the factors controlling rate heat transfer such as color, size, heat capacity, areas, and 

property of material (insulators or conductors). Only School A trialed this lesson, the 

teacher commented that this context was not familiar to the students. However, as 

shown on the Figure 6.5, Question 9 and 10, only school A students were able to 

indicate that Styrofoam was a good insulator that could be used both for keeping hot 

things warm and cold things cool. The students’ understanding of insulators and 

conductors was developed from the experiment in the lesson, not really from the 

context used in the lesson; however, the students responded to the context as though it 

was interesting. 

 

Learning the concept of heat exchange, the students were introduced to how a 

refrigerator works. The students commented that this context was too difficult for 

them. Fortunately, there were other simpler contexts in the lesson on the student work 

sheets. The students were able to learn about heat exchange from the simpler contexts.  

All the contexts provided in the lesson presented the concept of heat exchange. Two 

or three samples at different temperatures were mixed and then heat exchanged 

between or among them. From Question 15, students were able to predict the final 

temperature of two samples which had different temperature after mixing. The 

number of student correct responses in Question 15 of heat exchange was higher than 

Question 16, significantly. Many students still confused heat exchange when two 

samples at the same temperature were mixed because they did not see a link between 

an understanding of thermal equilibrium and the direction of heat travel. 

 

Apparently, many students still held alterative conceptions about heat transfer 

at the end of the unit. As commented by Erickson (1986), students frequently fail to 

take all parts of the interacting thermal system into account when explaining heat flow 

and they may ignore the surroundings’ importance.  This study also struggled to 

revise this alternative concept. As Young (2000) pointed out, contexts are specific but 

science is generalized. Only two contexts directly involved heat transfer concepts 

within the HTLU. These did not enable students to generate explanations in new 

contexts. A number of differing contexts to assist students to appreciate those general 
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principals were transferable between contexts (Lye, Fry and Hart, 2002). From the 

interview, the students were able to explain the three types of heat transfer in the 

macroscopic aspect, not in the microscopic aspect. This is also the limitation of the 

contextual approach because context is concrete but the concept is abstract (Lubben, 

Campbell and Dlamini, 1996; Young, 2000). The students might not be able to make 

the link between the context and concept, especially when the context was too 

complex and did not make sense to the students. Then the context might only help 

students to understand on the surface, not in depth.  

 

In conclusion, there were the significant differences based on quantitative and 

qualitative data that the students developed conceptual understandings and transferred 

heat and thermodynamics concepts through the contextual approach better than the 

traditional approach. Using the figures as a comparison of each case study, the data 

seem to indicate that in school A an emphasis on a contextual approach has been 

successful in developing student conceptual understanding and transfer of the 

concepts of heat and thermodynamics. At schools B and C, the students still held 

some alternative conceptions; however, most of them had a positive attitude to the 

contextual approach.  

  

3. Findings from the three case studies  

 

The findings of teaching and learning heat and thermodynamics through 

contextual approach in three school case studies are discussed in the following 

section. 

 

1) The various contexts were powerful tools for the teacher to probe 

students’ prior understanding. 

 

The contextual approach had addressed students’ prior knowledge of heat and 

thermodynamics. Using context as the tool for driving or launching concepts allowed 

teachers to elicit student prior knowledge or prior understanding of heat and 

thermodynamics (see also Clark and Jorde, 2004). The various learning strategies and 
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contexts in the HTLU were designed by matching the context and learning strategies. 

Some examples were the hands-on activity of designing a hot air-balloon and making 

a heat engine for a power boat utilizing the ideal gas laws and the first law of 

thermodynamics principles. The context could be introduced with the explanation of 

where and how the content or theory was used. Context driven learning also provided 

varied aspects for student’s learning, such as discussion, brainstorming, investigation, 

design and construction, including performing the experiments. The students were 

able to relate the context directly to the heat and thermodynamics concepts that were 

being developed. However, students needed the teacher’s help to point out the link 

between each activity and to carry out further activities.  

 

2) Students’ understanding and application of heat and thermodynamics 

conceptions were developed through the contextual approach. 

  

As has been discussed in the implementation of the HTLU of each case study, 

the various contexts such as the context of everyday objects, real contexts, familiar 

and unfamiliar world context, fantastic context and technological context helped the 

students to make connections between their prior experiences and the scientific 

concepts. From the first fundamental idea in the exploratory phase, Students’ 

understandings are supported by the likeness between personal experiences and 

scientific conception  the HTLU had emphasized helping student to build scientific 

concepts up from there by using the contexts for linking between students’ 

understanding and scientific conception. For example; 1) the concept of Internal 

Energy is taught through the consideration of how the car and rocket engines work, 2)  

Boyle’s Law is taught through a discussion of SCUBA diving, 3) Ideal Gas Laws are 

taught in the context of cooking on the mountains and hot air balloons, 4) Heat 

Expansion is taught through the context of the ocean and construction expansions, and 

5) Heat Capacity is taught through fire walking. The students were able to describe 

these contexts with the scientific explanations.  

  

 On the other hand, some contexts were used for helping students to 

resist the alternative conceptions of heat and thermodynamics. From the second 
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fundamental ideas, students’ alternative conceptions are reinforced by the contrast 

between personal experiences and scientific conceptions. The students had learned 

heat and thermodynamics concepts along with thermal situations or student 

experiences and then identified contrasts and comparisons between them. For 

example, from the exploratory phase, the students had the confusion that different 

sensations mean different temperatures.  They encountered difficulty in accepting that 

different objects are at the same temperature when left in same environment for a long 

time (also see in Thomaz et al., 1995). To revise this confusion, the students were 

introduced to the real context of touching objects made of good conductor and good 

insulator materials (sensation) and measuring the temperature of these objects. This 

context helped students to recognize the contrast between their experience and 

scientific explanations. Moreover, the students were encouraged to identify the 

difference between heat and temperature of the various objects, which have different 

mass, material and temperature, from their everyday life. This context helped students 

to recognize that heat and temperature were different in the framework of intensive 

and extensive properties (Kesidou and Duit, 1993).  

    

3) Learning by using contexts to drive the concepts helped the students to 

see the value of contexts and to remember the concepts along with the concepts. 

While learning by using the contexts for launching the concepts, the student tended to 

remember the concepts rather than the contexts.   

 

From the exploratory phase, it was evident that Thai students hold many 

intuitive ideas about their everyday experiences of heat and thermodynamics 

concepts. Importantly, it seems that these concepts are especially resistant to change 

(Driver, 1989). Students’ intuitive ideas about thermal experiences were used as the 

instances to help students to revise their alternative understandings by considering the 

differences between their intuitions and the scientific explanations. For example, 

students viewed heat as a sensation, but science defines heat as a kind of energy. 

Various instances and multiple contexts and attention to students’ intuitive reasoning 

helped the students to arrive at the correct scientific concepts. 
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Different contexts were used with different learning strategies. In the classes, 

almost all students, regardless of their prior knowledge appeared to be comfortable 

constructing their own understanding through context-based problems. They were 

willing to make predictions and figure things out even though they may not have 

known the answers beforehand. The students’ responses to the interview question, 

“What did you learn in the last lesson?” tended to be to talk about the context rather 

than the concepts. The students tended to remember the context and were able to 

explain the contexts by using the appropriate concepts.  

 

Teaching by using the context as a launching pad for the teaching of the 

concepts is not the same as teaching contextually. At school B, Busabah used the 

context for launching a concept occasionally. In the student interviews, when the 

students responded to the question “What did you learn in the last lesson?” they 

started talking about the experiments and theory, not the contexts. They preferred to 

talk about what they did in the experiment and how the experiment data dealt with the 

theory. The result of HTCQ indicates that the school B students had a problem with 

the explanation of a specific context using the scientific explanation.   

 

4) Learning through the contextual approach benefited student interest and 

motivation. 

 

Although there were drawbacks to the implementation of the HTLU such as, 

time constraints, the breadth of physics concepts covered, and stretching the 

boundaries of the teacher attitude and student abilities, the benefits for students’ 

interest and motivation, as well as their understanding of heat and thermodynamics, 

were significant. The focus on thinking and critical analysis of the context-based 

problems contributed to a reduced emphasis on definition and formulae fitting. It 

allowed students to be challenged to learn at a deep level. However, the high 

achieving students did not react positively to the units. At the school B, two students 

did not find the approach interesting. They thought that some contexts were too 

simple for them and the teacher spent too much time on discussion of the contexts.    
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5) The complex or difficult contexts and concepts were denied by students.  

  

As had been discussed in the case of schools A and C, the teachers faced the 

problem that some contexts failed to enhance understanding.  Faced with complex 

contexts, many students were unable to understand the context, for example, the 

context of how a refrigerator works. They had difficulties in understanding how a 

refrigerator works, so then they did not link the context with the concept of heat 

exchange. As reported by Mayoh and Knutton (1997), the problem of connecting 

school science with students’ everyday life experience is a difficulty of matching the 

content and its contexts. 

 

6) The students, particularly low achieving students, were interested in the 

HTLU in the experiment aspect and simple contexts.  

 

As has been discussed in the school C case study, there were large numbers of 

the low achieving students. They did not pay attention to the context when the context 

was too complex for them but they paid more attention to performing the experiments.  

That means some complex contexts, such as the contexts of technology, failed to 

enhance their understanding while students were able to make sense when contexts 

come from everyday life and natural phenomena.  

  

7) Ignoring or omitting the step of using understandings in new contexts 

may effect on students’ application of heat and thermodynamics concepts. 

 

Through learning in a specific context, some students had developed sufficient 

interest to apply some scientific ideas to their everyday life. The students should be 

encouraged to generalize concepts across in multiple contexts (Young, 2000). By this 

point, the lesson should highlight students’ applying ideas to new contexts. However, 

in the implementation of the HTLU, often, the teachers skipped encouraging students 

to apply their understanding to new contexts because of the time constraints. For this 

reason, the students did struggle when they were faced with the unfamiliar contexts.   
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Summary 

 

The Heat and Thermodynamics Learning Units (HTLU) based on a contextual 

approach were implemented by the three volunteer teachers in the three classrooms 

(102 students) from three high schools in Bangkok. The result indicated that the 

various contexts were powerful tools for the teacher to motivate student interest and 

learning actively and for probing students’ prior understanding. Using contexts the 

teacher was able to support student understanding and to revise the alternative 

conceptions of heat and thermodynamics. The contexts were an effective means for 

enhancing student understanding and application of heat and thermodynamics by 

showing both the likeness and contrast between personal experiences and scientific 

conceptions.   

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER      VII 

 

CONCLUSIONS AND IMPLICATIONS 
 

Introduction 

 

 This research study has explored student alternative conceptions of heat and 

thermodynamics, investigated the teaching and learning of heat and thermodynamics 

in the existing classroom, inquired into student interests involving contexts of heat 

and thermodynamics, and introduced a contextual approach to teaching heat and 

thermodynamics. This chapter concludes and comments on the research study and 

considers the implications of the study and ideas for further research. 

 

Conclusions 

 

1.  Teaching and learning in the existing classroom 

 

 It is natural that students come to the physics class with many alternative 

conceptions because many concepts in physics are abstract and can not be directly 

observed. Heat and thermodynamics concepts are a part of physics which are very 

abstract (Driver, 1989; Harrison, Grayson and Treagust, 1999; Lewis and Linn, 1994; 

Linn and Songer, 1991). The exploratory phase of the study, research question 1, 

investigated student learning of heat and thermodynamics based on existing teaching 

practice. The study of the alternative conceptions involving heat and thermodynamics 

found that all of the 214 high school students from three schools who were surveyed 

held alternative conceptions. This might be because the concepts and applications of 

heat and thermodynamics are often omitted in the existing teaching. The alternative 

conceptions of heat and thermodynamics (see Table 4.3) indicate that the Thai high 

school students surveyed have alternative conceptions and difficulties with heat and 

thermodynamics concepts similar to Western high school students (Clark and Jorde, 

2004; Kesidou and Duit, 1993; Lewis and Linn; 1994; Thomaz et al., 1995; 

Tiberghien, 1985; van Roon, van Sprange and Verdonk, 1994). 
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The student understanding of heat and thermodynamics based on existing 

teaching practice (see Chapter IV: 82) indicated that students’ everyday knowledge 

may function as a supporter, a scaffold or an obstacle to learning scientific theories. 

Two fundamental understandings of students’ learning were generated:  

 

1) Student understandings is supported by the likeness between personal 

experiences and scientific conceptions. 

  

 2)  Student alternative conceptions are reinforced by the contrast between their 

personal experiences and scientific conceptions.   

 

These findings showed that students might learn from their experiences but 

experience might not be interpreted the way in which a scientist may interpret them 

(Bar and Travis, 1991). A partial explanation for this may be the difficulty of applying 

ideas across different context-based problems. This suggested that heat and 

thermodynamics concepts should be presented in conjunction with thermal situations 

to enhance student understanding and students should be encouraged to identify 

contrasts and make comparisons between the situations.  

 

Aimed at motivating students by enhancing their interest in learning, the study 

explored which contexts students find interesting and considered they would learn 

more from, research question 2. The section of investigation of student interests 

involving contexts of heat and thermodynamics (see Chapter IV: 101) showed 154 

high school students responded to a survey on their interests around heat and 

thermodynamics.. This study found students’ interests in a particular set of contexts 

depended on the particular context itself and did not depend on the context group. 

General contexts of interest to students were those that had an effect on student lives; 

were to do with saving energy; were useful in daily life; included students finding out 

how things work, new knowledge and technology, and included unbelievable events 

that captured student imaginations.  
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2. A contextual approach: heat and thermodynamics learning units and  

learning sequences 

 

As a consequence of the exploratory phase, a learning intervention called the 

Heat and Thermodynamics Learning Units (HTLU) was developed. It was intended to 

develop students’ understanding and to motivate students’ interest in heat and 

thermodynamics. The HTLU focused on the introduction of appropriate multiple 

contexts within a framework of activities that were based on the contextual approach. 

A contextual approach is an approach adopted in science teaching in which contexts 

and applications of science are used as the starting point for developing scientific 

ideas. This contrasts with more traditional approaches, which cover scientific ideas 

first, and conclude with a brief mention of applications. 

 

The HTLU consists of thirteen lesson plans and context-based learning 

materials which provide specific contexts, demonstrations, experiments and 

worksheets. These detail the particular context for each lesson. The context used in 

each lesson is related to everyday, real world and environmental contexts including 

technology. These contexts were introduced before starting the physics content in 

order to motivate student interest (Jones, 1987). Therefore, teaching contextually 

involves the use of the context rather than content or concepts to drive the teaching 

(Whitelegg and Parry, 1999; Wilkinson, 1999). Within the contextual approach, a 

concept is taught through different contexts. Two or more contexts were used as 

introductions and others were used at the end of the lesson. The various contexts used 

in the HTLU were, for example, Fire Walking: How do people walk across fire 

without damage?; Car and Rocket Engines: How do they work?; Plants and Animals 

in Deserts: How do living things live in the hot weather?; Different Planets: Different 

Temperatures: Why does each planet have a different temperature?;, Expansion of the 

Oceans and Constructions: Is it dangerous or not?; and Global Warming and the  

Greenhouse Effect.  
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The learning sequences of a contextual approach had the following pattern: 

start with a context; investigate through a context-based problem; identify concepts 

through the context; and apply concepts to new contexts.    

 

1)  Start with a context: A lesson started with a context to focus student 

attention on the learning situation. Student prior knowledge was elicited through 

brainstorming, discussion or testing which helped students see how the science 

concept relates to their life and experiences. Students learned to analyze different 

perspectives of the particular contexts, test their ideas, and eliminate conceptions that 

lacked predictive power (Alternative conceptions).  

 

2)  Investigate through a context-based problem: Students were encouraged to 

answer questions or solve problems that they faced in the step 1 by experiment, 

demonstration, reading assignments, group and class discussions of the reading 

assignments, and or working through examples or exercises. The teacher encouraged 

students to make connections between the context and heat and thermodynamics 

concepts by providing and discussing the common aspects founded upon the diversity 

of contexts/situations. 

 

3)  Identify concepts through the context: The teacher encouraged students to 

report the results of their investigations back to the class, to discuss and make 

summaries of the physical concepts and formulae involved.  

 

4)  Apply concepts to new contexts:  Students were presented with at least one 

new context which corresponded with the concept they have learned.  

 

All lessons were designed following this learning sequence. However, there 

were two different highlights for using context; 1) supporting student life experience 

with the scientific explanation, and 2) revising student alternative conceptions, which 

were aligned with the two fundamental understandings of student learning of heat and 

thermodynamics in the exploratory phase. To support their student life experience 

with the scientific explanations, the students were encouraged to build scientific 
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concepts up from their life experience and real contexts. For example, the students 

were introduced to the context of how hot air balloons work and discussed the 

relationship among the pressure, volume and temperature of the air in the balloon 

using their existing concepts of the gas laws. Then they designed their own balloon 

and explored questions such as What is the temperature required for the balloon to 

take off? How fast does a molecule of gas in the balloon move if the gas is being 

heated to the temperature for take-off? How much energy does the balloon spend for 

rising?”. Through this, the students learned more about the kinetics theory of gas, the 

relationship between pressure volume and velocity of gas molecules and the 

relationship between temperature and the average kinetic energy of molecule of gas 

through the context of the hot air balloon. Students understood more about how hot 

air balloons work and learned more science conceptions by linking similarities 

between the contexts and the science content. Yang and  Anderson (2003) showed 

that high school students’ use of scientific information in reasoning was often judged 

to be simple and could be easily affected by their interest in the evaluation the 

evidence from real life contexts and scientific information. 

 
To revise students’ alternative conceptions, the use of contexts was to allow 

students to see the differences between their alternative conceptions and the scientific 

conceptions to help them to revise their alternative conceptions when the scientific 

reasoning and real life contexts seem in conflict with each other (also see in Yang, 

2004). Through the contextual approach, using contrasting situations (i.e., with and 

without an idealization) was a useful teaching tool for seeing the contrasting between 

the context and scientific explanation. This was similar to the report by Cahyadi and 

Butler (2004). Some studies of the conceptual change approach suggest that 

accomplishing conceptual change is not an easy task if the difficulty arises from the 

interpretation of daily life events (Başer, 2006; Campanario, 2002). When asked in an 

informal context, most students said that everyone uses aluminium foil to keep cakes, 

toast, hamburgers, etc. hot. In such cases, students relied on their daily life 

observations rather than what they learned within the course (Başer, 2006). To solve 

this difficulty, this study bought the students’ daily life observations directly into the 

classroom and then encouraged the students to compare and contrast what they had 

seen and what the scientific explanation was. This helped students to address the 
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conflict between their alternative conceptions and scientists’ explanations. They were 

also expected to be able to apply their understanding when the context changed.  

 

3. A contextual approach: students’ conceptual understanding and interest  

  

This study investigated the effect of using a contextual approach and the 

process of its implementation in heat and thermodynamics topics, research question 3. 

The data was collected via observations of the heat and thermodynamics lessons; 

audio-recording of the classrooms, audio-recording of interviews; and videotaping of 

lessons. These were all aimed at understanding what really happened in the teaching 

and learning in the classrooms (Guba and Lincoln, 1989). This range of methods 

enabled the researcher to build up a detailed picture of the students’ responses to the 

multi-contexts they were introduced to; how the contexts used in the learning units 

interacted with students’ heat and thermodynamics concepts: and the effect of the 

teaching approach on student learning of concepts.  

  

 The HULU was implemented by three teachers in three high schools in 

Bangkok. There were 52 students from school A, 25 students from school B, and 25 

students from school C. Each class was mix of students who had medium and low 

achievement in physics. Only a few students were successful in physics. The data 

collection phase took place over six weeks, with the three schools being visited by the 

researcher for all of their heat and thermodynamics lessons each week. More than 

80% of students were interviewed, as a group (four to five students) and as 

individuals, to evaluate their understanding of the concepts and the context used in 

each lesson. A heat and thermodynamics concept questionnaire (HTCQ) was 

administered to the students after the implementation of the HTLU.  

 

The findings revealed that the teachers’ interpretations of the contextual 

approach had an impact on the implementation of the HTLU in the classroom. At 

schools A and C, the teachers were in sympathy with the principle of the HTLU. They 

were able to follow the learning sequence of the contextual approach 

straightforwardly. The school B teacher, who was the most traditional of the three 
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teachers, was familiar with the idea of using contexts to illustrate the application of 

physics concepts which contrasts with the contextual approach (Gunstone, 1997; 

Wilkinson, 1999). The school B teacher used this approach in the implementation of 

the units which made it possible for students to ignore the context and, in some cases, 

actually undermined the contexts. The school B teacher concentrated more on using 

the formulae and solving the mathematics problems. This was similar to Kasanda et 

al. (2005) had observed that, from the stem of an externally constructed problem 

contained such a context, usually both teacher and learners engaged with the context 

only to the extent that the numerical information needed for substitution in a selected 

formula is extracted. Therefore, no reference was made to the context and even the 

solution was usually stated in abstract terms. School B teacher’s way of using the 

contextual approach was not completed which may have been shaped by the external 

assessment, as has been reported by Hipkin and Arcus (1997). This research 

commented that teacher’s view of teaching was a main feature influencing teaching 

through the contextual approach. As has been reported by Mayoh and Knutton, (1997) 

teachers may struggle connect school science to students’ real life experiences. 

However, if teachers are able to bring the contextual approach to the classroom as in 

the school A case study, students are more interested in the science lesson content, as 

was also reported by Whitelegg and Edwards (2001).  

 

Research into the contextual approach has found that the use of the context at 

the starting point of the lesson influences students’ motivation and interest, and their 

participation (Knapp, 2003; Lubben, Campbell and Dlamini, 1996; Whitelegg and 

Edwards, 2001). Similarly, in this study, most students responded favorably to the 

units. Students became more involved in their lessons, were more likely to share ideas 

and to carry out their own investigations. Students participated regularly in interactive 

groups when sharing and responding to concepts. Students found the lessons 

interesting, easier to understand, enjoyable and relevant to everyday life rather than 

theoretical alone. These results resemble those of the other researchers, see for 

example Lubben, Campbell, and Dlamini (1996), Reid and Skryabina (2002), Rennie 

and Parker (1996), Whitelegg and Edwards (2001). Student responses to thirteen 

statements about learning contextually (see Chapter VI: 213) showed that the key 
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features of learning in a contextual approach that it can: 1) enable students to do real 

world, context-based problem solving, 2) motivate students learning and the 

development of scientific understanding, 3) is interesting and enjoyable, 4) promotes 

active learning, and 5) provides learning activities for diverse student needs and 

interests. However, students would have liked even more opportunities to gather and 

analyze their own data. 

 

This study explored the impact of a contextual approach on facilitating student 

conceptual understanding of heat and thermodynamics concepts. The use of an 

appropriate-multiple contexts focus within a learning sequence was found to enhance 

students’ understanding and application of heat and thermodynamics (see Chapter VI: 

217). Similarly, many research studies, in various subject areas, have found that the 

contextual approach improves student understanding of science conceptions more 

than a traditional approach (see for examples, Campbell and Lubben, 2000; Lubben, 

Campbell, and Dlamini, 1996; Lye, Fry, and Hart, 2002; Ramsder, 1997; Wilkinson, 

1999; Yager and Weld, 1999). Lessons and activities in the contextual approach 

supported the understanding of school science concepts and procedures provided the 

motivation to engage in school learning. As has been described in the last section, to 

help students to revise their alternative conceptions, students’ intuitive ideas about 

thermal experiences were used and students were encouraged to consider the 

differences between their intuitive and the scientific explanations. Student alternative 

conceptions were taken into account in selecting and developing the contexts.  

 

Using a contextual approach assisted students to make stronger links between 

physics and its everyday applications effectively (Campbell and Lubben, 2000; 

Wilkinson, 1999).  Similarly, in this study, learning by using contexts to drive the 

concepts or learning contextually helped the students to see the value of contexts and 

to remember the concepts along with the contexts. They preferred to discuss context 

come along with the science concepts, particularly the school A and C students. There 

was a comment on teaching by using the contexts for launching the concepts and then 

directly lecturing on the use of formulae as seen in school B that the students tended 

to remember the concepts rather than the contexts (Gunstone, 1997; Wilkinson, 1999).   
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4. A contextual approach: students’ abilities  
 

Very little research was found that discusses student abilities and the 

contextual approach. The findings of this study are that the contextual approach was 

the most successful in developing medium-achieving student interest in and 

understanding of heat and thermodynamics concepts. Students who had medium 

achievement in physics liked to learn in multi-contexts, particularly contexts outside 

the physics textbook. They found the physics concepts easier to understand and were 

able to relate to both school physics and everyday contexts. Furthermore, students 

who achieved in other subjects but had appeared bored with physics become more 

interested and increased their contributions to physics classroom interactions (see 

Chapter VI: 131). They noted that the learning approach was less concerned with 

formula and that it took long time to understand the contexts and do the activities but 

that this was better than learning a lot of formulae without understanding (see Chapter 

VI: 169).  

 

In the case of the low achieving students, they did not pay attention to the 

context when the context was too complex for them but they did pay attention to 

performing the experiments. For this reason, complex contexts, such as the contexts 

of technology, failed to enhance their understanding. Even though they found that 

doing experiments helped them to understand and remember simple concepts. The 

low achieving students were unable to transfer their understanding to more complex 

contexts (see Chapter VI: 201). These students needed particular help to relate 

between contexts and concepts and the teacher needed to spend more time discussing 

the contexts and linking them back to the content after doing activities. 

 

Lastly, students who were concentrating on the university examination were 

not positive towards the contextual approach. They only paid attention to the contexts 

and activities they thought they had not known or learned about previously. Some of 

these students accepted that the approach helped them to improve their scientific skills 

and helped them to learn physics and how things happen. However for them, learning 

through the contextual approach was seen as a waste time because it was not intensely 

useful for them in the university examination.  
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5. A contextual approach: context and learning activities 

 

The contextual approach links with the situated cognition view of learning 

which emphasizes the importance of the setting in which learning takes place. In this 

view teaching and learning needs to be anchored in the diverse real life contexts. It 

needs to occur in multiple contexts when the goal is to enhance student understanding. 

Contexts can be a powerful tool for enhancing the student learning and interest and 

they can also be used to probe student prior understanding of the concepts underlying 

a context. However, not only are the contexts themselves important. They need to be 

introduced and explicated through effective teaching and learning strategies. A variety 

of teaching and learning strategies were used to the present the contexts in this study. 

These included, for example, questioning, POE, demonstration, and experiments (for 

more details see in Chapter VI: 131, 162, 188).   

 

There are two challenges to using a contextual approach in the classroom as 

evidenced in this study. Firstly, according to Young (2000), context is specific but 

science is generalized, introducing the new learning approach, the sequencing of 

activities was very important because the students might not be able to see the link 

between each activity. If they could not see how to relate the context to further 

activities, they became bored and thought that it was waste time learning about the 

context. Thus, each activity needed to be related to the context or questions which the 

teacher set at the beginning of a lesson. Providing multiple contexts in this way was 

the most important in order to encourage students to discuss the common aspects 

found across them.  

 

Secondly, the selection of a context for teaching is the main part of a 

contextual approach. In terms of Finkelstein’s contextual constructivist model of 

learning (Finkelstein, 2001) (see Figure 2.1: 28) the “context” needs to fit with the 

content and be close to student experience. In this study, learning through the context 

of fire walking was found to be an effective context for enhancing students’ learning 

by building students’ understanding of heat capacity concepts by linking into student 

prior knowledge, experiences or more capture their imagination. When the context 
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fitted well with the content it helped students to link their experiences with the context 

and so the context was effective in mediating students’ understanding of the content. 

Appropriate contexts were those that struck a balance between student experience 

and the content.  

 

It is however quite difficult to develop contexts that are common to every 

student in a classroom. Lubben, Campbell and Dlamini (1996) suggest that some 

educators assume that student experiences of the real world contexts are similar if 

they are of the same age and from the same environment or communities but this 

study suggests that this is not so. There were difficulties when some contexts were too 

complex and some were too simple for some students, depending on their prior 

knowledge and experience. Seen from a contextual approach perspective, the problem 

of connecting school science with students’ everyday life experience is an 

epistemological problem which encompasses the difficulty of the concept and its 

contexts (Mayoh and Knutton, 1997). Some contexts that did not make sense to the 

students because there are too complicated included how refrigerators work as a 

means for learning about heat exchange and how rockets work as a context for 

learning about internal energy, heat energy and work (see Chapter VI: 195). In 

another example, students were not familiar with the context of Plants and Animals in 

Deserts. From these contexts, it can be noted that even though a context is appropriate 

for particular concepts or content, it may be too far from student experience and prior 

knowledge to be effective. In this case, the context might fail to enhance student 

understanding of the concept/content and also to motivate student learning. By 

comparing this comment with Finkelstein’s contextual constructivist model of 

learning, when a context does not “fit” with students’ experience or prior knowledge, 

even when it matches with the content, it may not be able to help students to link their 

experiences with the context and so the context is not be effective in mediating 

students understanding of content (see Figure 7.1).  
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Figure 7.1  An unbalanced contextual constructivist model of learning: Type 1 

 
In another case, the link between the context and content may be weak, 

particularly when the context was used as a tool for launching concepts only, as has 

been discussed in case study B (see Chapter VI: 167). The students did not appear to 

relate to the concepts through the context they were presented with in the class. For 

example, contexts involving technology, such as; Scuba Diving and Pressure 

Cooking, were introduced as the examples or parts of the exposition for learning 

about Boyle’s law and the ideal gas laws. When the teaching jumped straight to the 

physics formulae this meant it was possible for the students to ignore the context 

which caused a big gap between the context and content. That means that even given a 

context that “fits” with student experience and prior knowledge, when appropriated 

learning activities or links are not made  between the context and concept students 

are not able to build an understanding from that context (see Figure 7.2).  

 

 

 

 

Figure 7.2  An unbalanced contextual constructivist model of learning: Type 2 

 

From an unbalanced contextual constructivist model of learning: type 1 and 

type 2; learning through a contextual approach not only involves considering the link 

between context and content, but also providing a strong link between student 

experiences and the context. One way to make these links stronger is to introduce 

more concrete and pragmatic models to the students. 

 

The final remark is that, as supported by the results of this study, to develop 

students’ conceptual understanding, it is necessary to make changes in the design of 

physics instruction by linking science concepts with the students’ life experience and 

to encourage students to learning actively through appropriate multiple contexts.    

Content 

Context   

Students 
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Implications of the Study 

 

1. Implications for science teaching and learning  

 

This study reported the process of the developing heat and thermodynamics 

learning units and the evaluation of the impact of learning units in three classes in 

three high schools in Bangkok. The study also indicated the guiding principles of 

teaching and learning heat and thermodynamics through the contextual approach. 

Learning heat and thermodynamics through a contextual learning approach can be 

seen to be advantageous at the high school level, especially for capturing student 

interest and developing students’ conceptual understandings. Generating context-

based questions and investigating related learning promoted active learning in the 

classroom.  Lessons starting with contexts which were mostly drawn from real life 

contexts, stimulated interest. Students draw upon various learning activities to solve a 

context-based problem. To do this, students must become more aware of how they 

process information, use background knowledge and do investigations of their own. 

Students are actively involved and learn in the context in which knowledge is to be 

used. This study suggests that when two or more contrasting dynamical contexts were 

presented simultaneously these helped students to revise their alternative conceptions 

of heat and thermodynamics, particularly, thermal equilibrium and the differences 

between heat and temperature. Using two different contexts in the same task or test 

can encourage students to think more carefully (also see in Cahyadi and Butler, 2004). 

 

When using a contextual approach in the classroom, the ability level of the 

students in relation to the level of the contexts used is important. Student abilities and 

interests need to be considered because some contexts may be too simple or too 

difficult for them, depending on their ability. If the teacher is not able to avoid the 

problem of varied student abilities in a classroom, this study suggests that multi-

contexts could be used (also see in Fortus et al., 2005). By teaching physics concepts 

in multiple contexts, there were more chances that students would succeed in 

abstracting the main concepts, which enhanced ability to apply the knowledge in new 

contexts. For example, the concept of heat exchange was discussed and explained in 
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the contexts of how the refrigerator works, decreasing the body temperature for the 

fever, and the mixing of hot coffee and ice. More contexts also fostered student 

deeper understanding. Moreover, variation in the level of the difficulty of the contexts 

should be provided to increase the probability of all students making sense of at least 

some of the contexts in a lesson.  

 

There were some indications that high achieving students were reluctant to 

learn using this approach because they saw it as a waste of time when they were 

focused on preparing for university entrance examinations. However the aim of 

science education is to foster students to understand and apply the sciences. The 

learning outcomes and time available should be reconsidered by teachers and 

curriculum developers in order to succeed in this aim. The teacher has to balance 

students’ conceptual understanding and students being able to ‘formula fit’ with the 

mathematics in a problem. Teachers also have to achieve a balance between theory-

based learning and real world applications (Granello, 2000). Students need to be 

encouraged to work on context-based problems. The teacher therefore plays a 

different role in contextual teaching from a teacher using a more traditional approach.  
 

The fact that teachers placed a high emphasis on using the formulae and doing 

the theoretical problems and not on how learners know, experience and relate science 

to their everyday lives raises one major issue. The contextual approach is a way that 

would meaningfully serve as a sustainable approach for physics teaching in order to 

relate science and its applications with students’ experiences. However, the teachers’ 

view of a teaching approach is the most important feature in learning and teaching 

contextually. The teacher has to play the role of the expert in order to question, 

answer, challenge and link the multiple contexts with the science content. Although 

the contextual approach has been successfully used to teach heat and thermodynamics 

in this study it is likely there will be challenges in extending and generalizing the 

approach to other content areas. It is quite difficult to identify contexts and events that 

are common enough for every student in a classroom. Contexts would need to be 

carefully chosen to be accessible and of interest to students, and concepts covered in 

multiple contexts would be more likely to enhance student learning. 
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2. Implications for further research 

 

This study has illustrated that a contextual approach can enhance student 

understanding and interest in heat and thermodynamics. This approach may suitable 

for other topics in physics but these needs to be explored. In addition, most of the 

contexts in this study focused on natural phenomena, everyday events and technology. 

Thus further research could explore other contexts such as historical, cultural, and 

social contexts. In the conduct of this research an argument was made that this 

approach may work well in the lower levels where there is a lesser content load and 

fewer time constraints. Further research could explore the approach with the primary 

and junior high school students.  

 

As has been discussed, the way the teachers viewed and interpreted the 

contextual approach impacted on their teaching. A problem faced in the study was 

that one teacher did not appreciate the potential of context as a tool for driving 

learning. Further research could explore in more depth how to help teachers to 

become aware of how to use contextual approaches in teaching and learning.     

 
In conclusion, a key element of this study was the use of a particular situation 

as a learning context to drive the development of student understanding of a scientific 

concept along with one or two more situations as a forum for consolidating and 

transferring the concept to a new context at the end of the lesson. The advantage of 

the contextual approach is in providing more opportunities for students to understand 

concepts and make links across different contexts. This study has presented an 

example of the way to introduce a new and successful approach to teaching and 

learning into the classroom, a way that aligns with the current curriculum, teaching 

and learning reform in Thailand.   
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Heat and Thermodynamics Concept Questionnaire 
 
Objective:  To understand the high school students’ conceptions about Heat and    
Thermodynamics 
 
Description:  There are 20 questions in this test. Choose the answer closest to your 
understanding. All questions have five choices. You can take 45 minutes to complete 
the test. 
 
1. Your friend is describing a TV segment: “I saw physicists make super-conductor 

magnets, which were at a temperature of –300 °C.” Do you believe what your friend 
says? Why?    
a. Yes, it’s because the lowest and highest temperatures have no limit. It depends on the 

amount of heat energy and coldness that the object has received. 
b. Yes, it’s because the new technology equipment can produce heat energy resources 

which are higher than 1000 °C. On the other hand, we can make super-conductor 
magnets at –300 °C. 

c. No, it’s because super-conductor magnets are a good electrical conductor and also a 
good heat conductor. You can’t cool them to such a low temperature.  

d. No, there is some mistake. You can’t have a temperature as low as that. 
e. No, not even liquid nitrogen can produce the temperature at -168 °C.   So it’s 

impossible to make super-conductor magnets at -300 °C. 
Answer:    

d.   No, There is some mistake. You can’t have a temperature as low as that.   
      Because the lowest temperature is - 273 °C or 0 K which is called absolute 

temperature. 
 

2.   a.   Are heat energy and temperature the same or different?   
      b.   Give some examples to explain your answer.  
  

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

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

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

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

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

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

Answers: 
a. Different. … 
b. The amount of heat energy in something keeps it at a temperature. A larger object 

needs more heat energy to keep it at a certain temperature than a small object needs to 
keep it at the same temperature. A glass of water at 20 °C needs less heat energy 
because it has less water.” Temperature is defined as a measurement to identify 
how hot or cold an object is. Heat energy – the amount of heat and energy an object 
has. This is measured in calories. The more mass, the more heat energy an object will 
have, even if the temperature of the object does not change. ” 
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3.   Look at Figure 1. Imagine you are drinking a glass of hot milk beside the pool.  
      
 
 
 
 
 
 
 
 
 
 

3.1   Which has more energy?  
a.  the glass of milk 
b.  the water in the pool 
c.  they are both the same  

 
3.2  Why? Choose the explanation below which you agree with. 

Figure 1 

a. because the amount of water is larger than milk. 
b. because the milk is hotter than water. 
c. because the specific heat capacity of the milk is higher than the specific heat 

capacity of water. 
d. because the water can receive heat from the surroundings better than the milk. 
e. because milk change temperatures more than the water. 

Answers: 
3.1  b.  the water in the pool 
3.2  a.  because the amount of water is larger than milk. 
 
4.     Figure 2 shows the freezer where you have stored a big block of ice. A small ice cube is 

placed near the big one. Do you think the heat energy of the big block of ice equals the 
heat    energy of the small ice cube?   

  
 
 
 
 
 
 
 
 

  

Figure 2 a. Yes, because both of them are in solid state. 
b. Yes, because both of them are made from the same material which should have the 

same heat capacity. 
c. No, the heat energy of the big one is more than the heat energy of the small one 

because a mount of the big one is larger than the small one.  
d. No, the heat energy of the small one is more than the heat energy of the big one 

because the small one is less area so it can melt more easily than the big one. 
e. No, the heat energy of the big one is more than the heat energy of the small one 

because specific heat capacity of the big one is more than small one. 

Answer: 
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c.    No, the heat energy of the big one is more than the heat energy of the small one 
because a mount of the big one is larger than the small one. 

5. Figure 3 shows the truck that you and your friend have loaded. You have bought several 
long strips of wood and several long strips of metal, and left them in the truck.  Two 
hours later, the metal strips are hotter than the wood.  Why does this happen? Choose the 
explanation below which you agree with.   

 
 

 
 
 
 
 
 
 

a.  The metal can conduct heat energy from your hand faster than wood. 
b.  The metal is naturally colder than plastic because it can attract more heat than wood. 
c.  The metal contains more heat than wood. 
d.  The metal can radiate heat better than wood. 
e.  The coldness can flow very fast from the wooden strip. 

Figure 3 

Answer:      
a. The metal can conduct heat energy from your hand faster than wood. 
 

6.   While you are boiling water, you often open the lid of a kettle and you find that the water 
has started to boil more slowly. Why?   
a. Because the heat energy of the water will decrease due to the reduction in pressure in 

the kettle, the volume of the water will increase and the molecules of water will 
vibrate more slowly 

b. Because the steam touches the coldness of the surrounding air and condenses, 
becoming water at room temperature, it then has to be reheated.  

c. Because energy is transferred from water to the air.   
d. Because cold moves from air into water in the kettle while the lid is open. 
e.    All correct. 

Answer:    
      c.    because heat energy of water moves through the air.   

From heat transfer methods, Conduction, heat is transferred through a material by the 
collisions of adjacent atoms or molecules. Heat always flows from high temperatures to 
low temperatures. If you open the lid of a kettle often, water will lose heat energy to air 
that has a lower temperature.  So water has to gain new heat energy to replace heat energy 
which is lost to the air. 
 

7.   Your friend said that “When I was young, I used to wrap my dolls in blankets but could 
never understand why they didn’t warm up.” How do you explain to your friend so they 
can understand the reason for this?   
a. Because the blankets you used were probably poor insulators  
b. Because the blankets you used were probably poor conductors 
c. Because the dolls were made of material which did not hold heat well  
d. Because the dolls were made of material which took a long time to warm up. 
e. None of the above 

because………………………………………………………………………………… 

Answer:    
e.    None of the above because material will increase in temperature only when it 
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receives from the heat energy source. So both dolls and blankets are at the same 
temperature. 

 
8.   Below are several lists. Choose the one which shows the items arranged from a good 

insulator to a good conductor. (Assume all the materials have the same thickness)   
a. Paper    Wood    Styrofoam    Glass    Ceramic    Metal 
b. Metal   Ceramic    Glass    Wood    Styrofoam     Paper 
c. Styrofoam    Paper    Wood   Ceramic     Metal     Glass 
d. Glass    Paper     Wood     Styrofoam    Metal   Ceramic  
e. Styrofoam    Paper    Wood     Ceramic   Glass     Metal 

Answer:    
      e.    Styrofoam   Paper    Wood    Ceramic Glass    Metal 
 
9.   Which material can keep hot things warm?  (Lewis and Linn, 1994) 

a.   metal              b.   styrofoam       c.  ceramic     d.  wood e. glass 
Answer:    b.   styrofoam 
 
 
10.   Which material can keep cold things cool? (Lewis and Linn, 1994) 

a.   metal              b.   styrofoam    c.  ceramic    d.  wood e. glass 
Answer:     b.   styrofoam 
 
 
11. On the stove is a kettle full of water. The water has started to boil rapidly. If the stove is 

changed from medium to the high level, the most likely temperature of the water now is 
about:  
 a.  60 °C  b.  88 °C c.  98 °C d.    110 °C e. No correct answer 

Answer:    c.  98 °C 
 
12. Five minutes later, the water in the kettle is still boiling. The most likely temperature of 

the steam now is about:    
 a. 60 °C  b.  88 °C c.  98 °C d.    110 °C        e. No correct answer 

Answer:    d.  110 °C 
 
 

13. Figure 4 shows 1 kg of oil and 1 kg of water that you use to fry fish and boil eggs. You 
open the gas at “high” level and put them on fire in the same time.  

 
 
 
 
 
 
 
 
 

13.1   Five minutes later, which has higher temperature? 

oil water 

     Figure 4  

a. Water 
b. Oil 

      c.   Both have the same temperature 
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13.2  Why? Choose the explanation below which you agree with.  
a. Because the boiling point of oil is higher than water.  
b. Because the density of water higher than oil. 
c. Because they are put on the fire at the same time and receive the same amount 

of heat energy. 
d. Because before being heated, water is at the lower temperature and colder than 

oil. 
e. Because the specific heat capacity of oil is lower than water 

Answer:   
13.1   b.  Oil 
13.2   e.  Because the specific heat capacity of oil is lower than water. 

 
14. Malee doubts that when her mother steams chicken by using a pressure cooker, it will 

cook faster than in a normal saucepan, but she doesn’t know why. How do you explain 
the reason to her?   
a. It’s because the pressure causes water to boil above 100°C. 
b. It’s because the high pressure generates extra heat. 
c. It’s because the steam is at a higher temperature than the boiling soup. 
d. It’s because pressure cookers spread the heat more evenly through the chicken  
e. It’s because the high pressure makes the molecules of gas smaller that helps heat to 

spread more easily. 
Answer:     

a.   It’s because the pressure causes water to boil above 100°C. If the water boiled at the 
higher temperature, the chicken will receive more heat energy.  

 
15.  Malee takes two cups of water at 40 °C and mixes then with one cup of water at 10 °C. 

What is the most likely temperature of the mixture?    
a.  25 °C  b.  30 °C c.  35 °C d.   45 °C e.  50 °C 

Answer:    

      b.  The most likely temperature of the mixture is 30 °C 
  
16. Figure 5 shows two containers. One contains water at 250C; the other contains half the 

amount of alcohol at 250C.  
 
 
 
 
 

16.1  When you bring the two containers with alcohol and water into contact, which one 
will eventually lose the greatest amount of heat? 
a.  Water 
b.  Alcohol 

        c.  The same amount of heat lose 
 
 
 
 
 
 

water 
25 °C alcohol  

25 °C 
Figure 5 
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16.2  Why? Choose the explanation below which you agree with.    
a.  because water contains more heat energy than alcohol. 
b.  because  at  25 °C  alcohol is colder that water. 
c.  because the specific heat capacity of alcohol is lower than water.  
d.  because water and alcohol are at the same temperature. 
e.  because  the amount of water is larger than alcohol. 

Answer: 
16.1   c.    The same amount of heat lose 
16.2   d.    Because water and alcohol are at the same temperature. 
 

17.   Nid said that she likes to sit on the metal chairs because they are colder than the plastic 
ones. Her friends explain why she feels like that. Who do you agree with?. 
a.   Nok: “They are colder because metal is naturally colder than plastic.” 
b.   Kai: “They are not colder, both the metal and plastic chairs are at the same 

temperature.” 
c.    Pla: “They are not colder, the metal ones just feel colder because they are heavier.” 
d.   Maw: “They are colder because metal has less heat to lose than plastic.” 
e.    I disagree because…………………………………………………………………… 

  Answer: 
b.   Kai: “They are not colder, they are at the same temperature.” When we sit on the 

metal chairs we feel colder because the metal can conduct heat from the body better 
than plastic. 

 
18.   Look at the figure 2 in the question 4,    

18.1   One hour later, which has higher temperature? 
a. A big block of ice 
b. A small ice cube 
c. Both of them have the same temperature 

18.2   Why? Choose the explanation below which you agree with.  
a. Because both of them are made from water and have the same specific heat 

capacity 
b. Because both of them are in solid state at the freezing point. 
c. Because both of them exchange heat with the freezer until they are at the 

same temperature with the surrounding. 
d. Because the temperature of the big ice cube is higher than small once 

because it can contain more cold than small one.  
e. Because before being stored in the freezer, the two blocks of ice have 

different temperatures; so after being stored they also have different 
temperatures.  

Answer:    
18.1   c.  Both of them have the same temperature 
18.2   c.  Because both of them exchange heat with the freezer until they are the same 

temperature with the surrounding.  
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19. Figure 6 shows two containers. One contains water at 60 °C; the other contains alcohol at 
20 °C, equal amounts of water and alcohol and water  have more heat energy than 
water, if the water and the alcohol containers are bring into contact, what will happen?. 

 
 
 
 
 
 
 

water 
60 °C 

alcohol  
20 °C 

Figure 6 
a. Water will lose heat energy to alcohol until both water and alcohol have the same 

amount of energy. 
b. The alcohol will heat up to 40 °C and the water will cool down to 20 °C because the 

specific heat capacity of the alcohol is very low than the specific heat capacity of 
water.  

c. The temperature from water will transfer to alcohol until both water and alcohol are at 
40 °C. 

d. Heat travels from water to alcohol until both water and alcohol are at the same 
temperature. 

e. Both water and alcohol still are at the same temperature because the boiling point of 
alcohol is lower than water so its temperature cannot rise to 60 °C like the water. 

Answer:    
      d.   Heat travels from water to alcohol until both water and alcohol are at the same 
temperature. 
 
Imagine there is a cup of coffee at room temperature. You leave the room for a while. When 

you return the coffee has become warm.  
 

20.1  Is this possible?  
a.  yes 
b.  no 

 
20.2  Why? Choose the explanation below which you agree with.  

a. Because the surrounding naturally gain heat energy form the objects because it 
can absorbs a lot of heat energy. 

b. Because the surrounding is not give heat energy back to the coffee. 
c. Because temperature differences may occur by themselves. 
d. Because the surrounding can gain heat energy from coffee while coffee can 

gain heat energy from surrounding to become warm. 
e. None of the above 

because…………………………………………………………………………
…………………………………………………………………………………… 

Answer: 
20.1 b.  no 
20.2 b.  Because the surrounding is not give heat energy back to the coffee. 
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Teacher Interview Schedule  

 

Objective:   To study teacher teaching approach and their problem in teaching heat 

and thermodynamics.  

Description: There are 8 items in this interview which take 45 minutes to complete 

the interview. 

Questions: 

 

1. In you own opinions, what are the important objectives or goals for teaching 

heat and thermodynamics?  

 

2. What are the topics in heat and thermodynamics that students should learn?   

 

3. What are the basic concepts for heat and thermodynamics?  

 

4. In your opinion, what and how does the teacher explain to students why they 

have to learn about heat and thermodynamics?  

 

5. How do you teach heat and thermodynamics? Which are activities that you 

usually use in your teaching?  

 

6. How do you define or explain “heat” and “temperature” to the students?  

 

7. In teaching heat and thermodynamics, do you have any problems about 

content, teaching methods, or teaching materials? What are they?  

 

8. Do you have any ideas about other teaching approaches that you are interested 

in and would like to use in your teaching heat and thermodynamics?  
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Heat and Thermodynamics Interest Questionnaire 
 

Part I:   Background Information 
   
 Please answer the following questions about yourself as accurately as possible. 
Circle only one answer per question, or if none applies, leave it blank. 
 
 
1.  Gender: 
 (A)   Female  (B)  Male 
 
2.  How would you rate your understanding of the scientific ideas of Heat and 
Thermodynamics? 
 (A)   Excellent  (B)   Good  (C)    Fair             (D)   Poor   
 
 
 
Part  II:  Check list table 
  
 Part II consists of topics about Heat and Thermodynamics and their details. Please 
read each topic carefully and then check  in the table in order to identify your interest in 
each topic. There are five different categories: Not Interested, Not sure, Slightly Interested, 
Interested and Very Interested.  
 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺   
 
1. Global Warming and Greenhouse Effect 
 In Thailand, there are the problems with the sea level rising and the weather becoming 
hotter because of the greenhouse effect.  Do you want to know what the greenhouse effect is?  
How the greenhouse effect will affect our lives? How to protect our country from the 
harmful of global warming and greenhouse effect?  
 
 
 
 
 
 
 
 
How interested are you in learning more about global warming and the greenhouse 
effect? 

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

 
 Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
……………………………………………………………………………………………… 
 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  
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☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  
 
2. Choosing your Cooking Appliances   
         What is in your kitchen?  If your kitchen has many cooking 
appliances which are made from the different materials? What do 
you use, when handing hot things, to prevent being burnt? Why? 
How do you choose the correct appliance when you want to cook 
something, or keep a hot thing warm, or a cool thing cold?   
How interested are you in finding out the answers to these questions? 

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

 Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
……………………………………………………………………………………………… 
 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺   
 
3. Different Planet: Different Temperature  
In our Galaxy, all the planets experience temperatures well 
below zero, with the exception of Venus. The minimum 
temperature of each planet is estimated by recordings from 
Earth in Northern Siberia. The temperature of Pluto falls to 
almost Absolute Zero. How about the others? How cold are 
they? 
 
Would you be interested in why each planet has the different temperature?  
 

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
……………………………………………………………………………………………… 
 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺   
 
4. Fire Walking  
 Many people can walk with bare feet and spend one or two 
seconds in contact with red-hot embers, that have temperatures 
ranging from 467 °C to 647 °C, without sustaining any serious 
damage. This ability to walk across fire has long been considered a 
sign of supernatural powers. 
 
How interested are you in finding out how to walk across fire without damage? 

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

 Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
……………………………………………………………………………………………… 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺   
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☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺   
 
5. Keeping Food Cool 
         In the refrigerator is very cold; it can keep ice-cream from 
melting. However, outside, the refrigerator is very hot, especially at the 
back. Why? If it is left switched on with its door open, what happens to 
the temperature of the room it is in?  Would you like to know how it 
works and how to freeze your food effectively and save electric 
energy? 
 
Would you be interested in finding out how a refrigerator works? 

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
……………………………………………………………………………………………… 
 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ ☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
 
6. Microwave  Oven  
          In the busy times, microwave is used to cook the fast food. It is 
easy to use it if we know that how long and the temperature that suits 
each food that you want to cook. Do you know how a microwave 
makes heat? 
 
How interested are you in finding out how a microwave oven works? 

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

 Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ ☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
 
7. Maintaining Body Temperature 
 The warm-blooded animal (including man) has its own heating and cooling system so 
that its body is always at about the same temperature. A warm-blooded animal keeps its body 
warm by exercise (for this it needs food and oxygen) and its covering of fat and fur or 
feathers (man wears clothes). A cold-blooded animal is the same temperature as its 
surroundings.  
 
Would you be interested in finding out how each animal maintains its body 
temperature? 

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

 Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ ☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
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 ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ ☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
8. Hot-Air Balloon 
          Have you ever seen hot-air balloon? Do you know how it 
rises? It rises because the warm air inside the balloon is lighter than 
the cold air which it has displaced. Would you like to make your 
own hot-air balloon? Do you want to know how high a balloon can 
rise? And what is the balloon temperature required for take–off? 
How interested are you in how to make you own balloon? 
 

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

 Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ ☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
9. Keeping Cold: Keeping Warm 
          If you want to keep a hot thing warm, what should you do? And if you want to keep a 
cold thing cool, what should you do? From this picture, who should you believe? Why?  
 
 
 
 
 
 
 
 
 
 
 
 
How interested are you to learn more how to maintain a constant temperature?  

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

 Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ ☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
10. Solar Cooking 
Usually cooking needs temperatures of about 100-200°C. The radiation of 
the sun alone is not dense enough to produce such high temperatures. So 
how to do the solar cooking. It is possible? Should we save energy by 
using heat from the solar? 
 
Would you be interested in finding out what is needed for solar cooking and what are the 
main advantages for solar cooking?  

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

 Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
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☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ ☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
11. Weather and the Earth’s Surface 
In recent years, the ocean has become warmer than about 27 °C, this 
causes great masses of hot air to start to spin, creating cyclones. 
Cyclone destruction has increased because water in the ocean is 
warmer. This diagram shows some of the patterns caused by the 
earth’s heat which affect the weather, the water cycle, ocean 
currents, El Nino.  
How interested are you in finding out how the Earth’s surface affects the weather 
phenomena? 

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

 Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ ☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
12. Buildings and Expansion 
Have you ever seen the gap in the concrete roads? Why does 
the road need to have the gap? And, the gap is bigger in the hot 
day. Do you know why? Is it dangerous or not? 

 
How interested are you in this topic? 

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

 Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ ☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
13.   Mapping Today’s Weather 
            Different parts of Thailand have different weather. In the north of Thailand is very cold 
in the winter season, in contrast, in Bangkok it is very hot all the time. How about the other 
parts of Thailand? Why is the weather in the each part different? 
How interested are you in this topic? 

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

 Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ ☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
14. Aircraft  
          The aircraft is very heavy. How can it take off from the ground?   
 
Would you be interested in finding out how an aircraft flies? 

 
 

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

 Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ ☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
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☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ ☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
15. Thermostats    
The thermostat is used with furnaces, air conditioners, cars, and fans 
for turning power on and off. These devices will be set to the needed 
temperature. With a change in temperature, the thermostat will work 
to control the temperature. It uses the principle of expansion when 
the material is heated. Would you like to know how thermostats 
work in air conditioners and furnaces, or how to make your own 
simple thermostat? 
Would you be interested in finding out how thermostats work? 

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

 Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ ☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
16. Solar Radiation and the Temperature of Materials 
 On a hot day, when you sit under a tree, you will feel cooler. Sometimes you cannot 
walk with bare feet on the cement road or on the sandy beach because the sunlight makes the 
temperature increase. Do you know when some material are exposed to sunlight, how will 
their temperature compare with different materials?  
How interested are you in finding out the solar radiation effect on the 
temperature of materials? 

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

 Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ ☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
17. Heat and Friction 
What do you feel when you rub your hands together? Warmer!?  When you 
go to camping, you can use two rough surfaces rubbed very quickly against 
each other make enough heat to start a fire. So heat is made by friction. For 
example, when the brakes of a car are used a lot, the brake drums become 
hot because of friction.   

 
How interested are you in learning the relation between heat and friction? 

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

 Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ ☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
18. Coolness in the Home (Buildings) 
          If your home very hot, you can use the air conditioner to make your home cooler.  
How interested are you in finding out how an air condition works? 

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

 Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ ☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
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☺  ☺  ☺ ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ ☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
19. Sea and Land Breezes 
         During the day we have a sea breeze coming in-shore but 
during the night we have a land breeze going off-shore.  
        
Would you be interested in finding out why sea and land breezes 
occur at different times? 

 
 

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

 Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ ☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
20. Thermal imaging Cameras 
          The firefighter (photo on left) uses a thermal imaging camera in fire situation. It helps 
him quickly locate victims in smoke-filled rooms and determine from the outside of a 
building where the hottest part of the fire may be. It can be used to detect infrared radiation 
from a person absorbed in smoke in a burning building. The photograph on the right taken 
by a thermal imaging camera shows a “hot print” left by a car seen ten minutes after turning 
off the engine. 

                                                         
Would you be interested in finding out how thermal imaging cameras work? 

Not Interested Not Sure Slightly  Interested Interested Very Interested 
     

 Why? Explain your reasons: 
…………………………………………………………………………………………….... 
……………………………………………………………………………………………… 
☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ ☺  ☺  ☺  ☺   ☺  ☺  ☺  ☺  ☺  ☺  ☺  ☺ 
 
Part  III:  
 
Suggest any other contexts about Heat and Thermodynamics that you would be interested in 
finding out more about.   
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
………………………………………………………………………………………………… 
………………………………………………………………………………………………… 
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
………………………………………………………………………………………………… 

 
Thank you  
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Learning Heat and Thermodynamics Questionnaire 
 

 This questionnaire consists of 13 statements involving heat and thermodynamics 
learning. Please read each statement carefully and then check  in the table in order to 
identify your opinion in each statement. There are five different categories: Strongly 
Disagree, Disagree, Slightly Agree, Agree and Strongly Disagree.  
 It will not affect your grade or my opinion of you in any way. Please check the 
response that honestly reflects your reflects your personal impressions of the heat and 
thermodynamics class and take some time to make comments at the end.  

 
Number of Responses  

Statement Strongly 
Disagree 

Disagree Slightly  
Agree 

Agree Strongly 
Agree 

14. New concepts are presented in real-life 
situations and experiences that are familiar to the 
student.   

     

15. Concepts in examples and student exercises 
are presented in the context of their use. 

     

16. New concepts presented in the context of 
what students already know.  

     

17. Examples and student exercises include many 
real, believable, problem-solving situations that 
students can recognize as important to their current 
or possible future lives.  

     

18. Examples and student exercises cultivate 
attitude of  “I need to learn this.” 

     

19. Students could gather and analyze their own 
data as they are guided in discovery of the 
important concepts about heat and 
thermodynamics.  

     

20. Opportunities are presented for students to 
gather and analyze their own data for enrichment 
and extension.  

     

21. Lessons and activities encourage the student 
to apply concepts and information in useful 
contexts, projecting the students into imagined 
futures and unfamiliar locations. 

     

22. Students could participate regularly in 
interactive groups where sharing, communicating, 
and responding to the important concepts and 
decision-making occurred. 

     

23. Lessons, exercise, and labs improve student 
communication skills in addition to scientific 
reasoning and achievement. 

     

24. Activities, demonstrations and experiments 
encourage the student in scientific skills such as 
observation, data collection and data analysis. 

     

25. Lessons and activities encourage the student to 
enjoy learning about heat and thermodynamics.  

     

26. Lessons and activities help students to more 
easily understand the content. 
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	Because the blankets you used were probably poor insulators
	Because the blankets you used were probably poor conductors
	Because the dolls were made of material which did not hold h
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	None of the above because…………………………………………………………………………………
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	b.  The most likely temperature of the mixture is 30 (C



