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ABSTRACT 
 

The term ‘nature of science’ is foreign for Vietnamese teachers and students. However, most of them have 
some certain understanding of some common aspects of the nature of science (NOS) through implicitly teaching 
and learning science. Studies have shown that a proper understanding of the NOS is essential for science literacy 
and that NOS can be learnt best by the explicit approach. For that reason, a more proper understanding of the 
NOS and of how to teach NOS in Vietnam is in need. Through a review of the Vietnamese Physics textbooks, 
we found that along with the subject knowledge, there are several parts mention the history of science. We 
therefore suggested several ways to link the historical information with the particular aspects of NOS explicitly 
in teaching science, particular to teach heat, an important part of Physics textbook, which can relate to the 
critical issue of energy degradation in Physics teaching.  
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Introduction  
 

Although the term ‘nature of science’ is foreign for Vietnamese teachers and students, most of them have 
some certain understanding of some common aspects of the nature of science (NOS) through implicitly teaching 
and learning science. Particularly, through our study on Constructivist Learning Environment Survey (CLES) in 
October 2012 (unpublished), we found that almost all of the five teachers whom we interviewed understand 
most of the aspects of NOS which were presented in the scale of scientific uncertainty. The ability to 
demonstrate how they teach NOS depends on their experience where the teachers with more experience show 
more confirm understanding of NOS and can give more typical and clearer examples of how they teach NOS in 
their subjects than the younger. Yet all of them demonstrated some typical historical approaches where they 
incorporate stories of Physics history into their lessons. In addition, they also use implicit approaches where 
they assigned several tasks for their students worked on and learnt the NOS by the students themselves. 
Unfortunately, the survey also showed that the students considered the scientific uncertainty that they learnt 
from the classroom is only at an intermediate level and preferred to learn more. This is no surprise as the 
implicit learning, even based on the historical approach, is considered not effective to carry the appropriate 
insight into NOS (details will be provided later in the next parts). 

Numerous studies have shown that a proper understanding of the NOS is essential for science literacy and 
that NOS can be learnt best by the explicit approach (for some examples, see Abd-El-Khalick and Lederman 
2000a; C.Donovan-White 2006; Khishfe and Abd-El-Khalick 2002; Lederman 2007; McComas 2000). Allchin 
(2004) stated that “basic scientific concepts provide a framework. But one must also know about science – how 
research is pursued, how conclusions are justified, even how scientists may sometimes error be shaped by 
cultural biases”. For that reason, a more proper understanding of the aspects of NOS and of how to teach NOS 
explicitly in Vietnam is in need.  

Through a review of the Vietnamese Physics textbooks, we found that along with the subject knowledge, 
there are several parts mention the history of scientific discoveries. We therefore suggested several ways to 
employ the historical approach explicitly with reflections to enhance students’ understanding of NOS, particular 
to teach heat, an important part of Physics textbook, which can relate to the critical issue of energy degradation 
in Physics teaching.  

Energy plays a very important part in any science curriculum as energy was always the first need of 
humanity through which other sciences or technologies were promoted. However, teaching and learning energy 
effectively is always a challenge because it has a highly abstract nature but with treatise as something real. As 
noted by Coelho (2009): 
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‘Some physicists have pointed out that we do not know what energy is. If there is no clear idea of energy, 
teaching the concept must be a problem. There has been much criticism concerning explanations of energy in 
textbooks and research literature about students´ misconceptions is ample.’ (Coelho 2009) 

As pointed out by Duit and Haeussler (1994) and Yuenyoung and Yuenyoung (2007), among the four major 
ideas of energy, which are: 1) energy transformation; 2) energy transport; 3) energy conservation; and 4) energy 
degradation, energy degradation is usually neglected in school. Duit and Haeussler also emphasized the 
important of including energy degradation in school science teaching: 

‘First, energy and entropy are closely related to one another in science… Secondly, the conversation idea 
will become understandable for students only if the degradation aspect is also given attention… Thirdly, the 
degradation aspect is a key issue in STS approaches…’ (Duit and Haeussler 1994) 

To understand energy degradation, comprehensive understanding of heat, especially the second law of 
thermodynamic and the concept of entropy, plays an essential role. In Vietnamese Physics textbook, heat plays a 
very important role. In grade 8 textbook, the second chapter of the total two chapters is about heat. In grade 10 
textbook, with total 7 chapters, there are 3 chapters about heat. This study aims to use history of heat and related 
concepts to develop students’ understanding of the nature of science through an explicit approach. There is no 
need to demonstrate the effectiveness of the historical and explicit - reflective approach anymore as plenty of 
scholars studied on this as noted previously. Instead, we want to provide Physics teachers in general and 
Vietnamese teachers in particular, some practicing ideas in teaching this important domain knowledge of 
Physics. This study also provided an insight into the nature of science presented through the history of Physics 
in a developing country’s, typically Vietnamese, Physics textbooks.  
 
The nature of science and its teaching approaches: 

 
The main aspects of NOS are still controversy as there are many ways to categorize them (AAAS 1990; 

Lederman 2007; McComas, Almazroa, and Clough 1998; McComas 2000). Abd-El-Khalick and Lederman 
(Abd-El-Khalick and Lederman 2000a)  suggested that there are seven aspects of the NOS that are 
noncontroversial and accessible to K – 12 students and which are also considered to be relevant to their daily 
lives: 1) scientific knowledge is tentative (subject to change); 2) empirically-based (based on and/or derived 
from observations of the natural world); 3) subjective and/or theory-laden; 4) partly the product of human 
inference, imagination, and creativity (involves the invention of explanation); 5) socially and culturally 
embedded; 6) the distinction between observations and inferences; and 7) the function of, and relationships 
between scientific theories and laws. Details of these aspects can be found in Lederman (2007). This study 
concentrated on these aspects as the lens of design. 

This historical development of the understandings of heat will provide teachers and science educators some 
key features to design science instruction in order to assist students to have a meaningful understanding of heat 
in particular, and gain better understanding about the energy degradation, to overcome their alternative 
conceptions of heat and develop an understanding of NOS. As noted by Belessiotis and Delyannis, history is a 
cumulative experience that can help us to understand contemporary knowledge, and especially to adapt old ideas 
and frame them into the sophisticated methods and equipment for our time (Belessiotis and Delyannis 2000). 

The historical approach suggests that incorporating the history of science into science teaching can 
augment students’ view of the NOS. Monk and Osborne (1997) provided a thorough justification for why 
history and philosophy of science should be incorporated as an integral component of instruction and a model 
for how history of science should be used to promote learning of and about science. They proposed a model for 
how history of science should be used to promote the learning of science content as well as the nature of science 
identifies six distinct phases: 1) Presentation; 2) Elicitation; 3) Historical Study; 4) Devising Tests; 5) The 
Scientific View; and 6)  Review and Evaluation. However, according to Khishfe and Abd-El-Khalick (2002), 
two large-scale national studies produced conflicting results; therefore, they maintain that the effectiveness of 
the historical approach is at best inconclusive. 

The implicit approach contends that by doing science, students will come to understand NOS (Lawson 
1982; Rowe 1974) and advocates the use of hands-on inquiry-oriented activities and/or science process skills 
instruction to enhance students’ conceptions of NOS (Khishfe and Abd-El-Khalick 2002). The ineffectiveness 
of the implicit approach in enhancing students’ NOS views could be attributed to an underlying assumption: 
namely, that students would automatically develop better NOS conceptions as a by-product of engagement in 
science-based inquiry activities or science process skills instruction (Khishfe and Abd-El-Khalick 2002). 

The explicit and reflective approach advances that the goal of improving students’ NOS views ‘‘should be 
planned for instead of being anticipated as a side effect or secondary product’’ of varying approaches to science 
teaching (Akindehin 1988). While an explicit inquiry-based pedagogical approach to teaching the NOS also 
engages students in activities, it also involves purposeful instruction of the NOS. This approach advocates that 
to improve learners’ views of the NOS, teachers must include NOS aspects in their objectives, instruction and 
assessment (Reneé S. Schwartz and Lederman 2002; Renee S. Schwartz, Lederman, and Crawford 2004). As 
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reviewed by Abd-El-Khalick and Lederman (Abd-El-Khalick and Lederman 2000b), researchers who adopted 
an explicit approach utilized elements from history and philosophy of science and/or instruction geared toward 
various aspects of NOS to improve science teachers' conceptions of the scientific endeavor.  

Rudge and Howe (Rudge and Howe 2009) exemplified the strengths and limitations of Monk and 
Osborne’s approach (Monk and Osborne 1997) and then suggested an explicit and reflective approach to the use 
of history to promote understanding of the nature of science is to use history of science to explore the prior 
conceptions students bring to the classroom and to provide them opportunities to think along the lines that past 
scientists did as an exercise in thinking like scientists, rather than recapitulating exactly what happened 
historically. They think that history of science is best used to help students overcome misconceptions they have 
about scientific phenomena when students are invited to study the sorts of considerations that led past scientists 
to overcome similar misconceptions or when understanding of the historical development is necessary to make 
sense of the modern viewpoint. 

There are many reasons why history of science should be integrated into science curriculum. A summary of 
those reasons was developed by Matthews (Matthews 1994) and presented in table 1. Noted that this table can 
be accessed through (Lonsbury and Ellis 2002). 
 
Table 1: Reasons for incorporating history into science curriculum 

Summary of reasons for incorporating history in science instruction 
1. History promotes better comprehension of scientific concepts and methods. 
2. Historical approaches connect the development of individual thinking with the development of scientific ideas. 
3. History of science is intrinsically worthwhile. Important episodes in the history of science and culture – the Scientific Revolution, 
Darwinism, the discovery of penicillin and so on – should be familiar to all students. 
4. History is necessary to understand the nature of science. 
5. History counteracts the scientism and dogmatism that are commonly found in science texts and classes. 
6. History, by examining the life and times of individual scientists, humanizes the subject matter of science, making it less abstract and 
more engaging. 
7. History allows connections to be made within topics and disciplines of science, as well as with other academic disciplines; history 
displays the integrated and interdependent nature of human achievements. 
Note: From Matthews, M. R. (1994). Science teaching: The role of history and philosophy of science. New York: Routledge, p. 50. 

 
NOS presented through the History of Heat in Vietnamese Physics Textbooks: 

Vietnamese educational system contain of these main stages: kindergarten, primary school (grade 1 – 5), 
lower secondary school (grade 6 – 9), upper secondary school (grade 10 – 12), and higher education in which 
the primary school and the lower secondary school are aimed to be compulsory for every citizen by Vietnamese 
government. Therefore, we can also say that primary school and lower secondary school belong to primary 
education. Basic concepts of science are introduced to students from these stages. The upper secondary school is 
grouped as professional education (Duc 2008) from which most of the topics of the lower secondary stage is 
repeated with deeper investigation. 

This study investigated the history of heat and related concepts which presented in secondary schools, both 
lower and upper stages to see through the nature of science inside these stories, as well as to suggest a more 
effective way to bring the nature of science to students. 

The common primary and secondary text books which were written and improved by the most prestige 
educators of the country, and then were revised through several workshops, conferences and pilot tests, are used 
in all schools in the country due to the regulation of the Ministry of Education and Training (MOET), apart from 
some minor exceptions. Noted that there are two curriculums developed at the same time: the basic and the 
advanced. Each school can organize the number of the advanced and basic classes due to their real situation and 
the level of their students. Generally, most of the classes are on the basic curriculum. Therefore, this study 
focused on the basic program only. However, teachers of the advanced program classes can also regard this 
study to their teaching as the structure of the two programs do not differ a lot, except that the advanced 
curriculum, as its name, aims to provide more ‘advanced’ scientific knowledge and skills. 
 
Table 2: Historical stories and their usage presented in Grade 8 Vietnamese Physics textbook – Chapter 2. Heat 

Unit title Historical information Usage 
The construction of matter - History of atom and molecule discovery. 

 
To start a new learning 

Atom and molecules: Moving or 
standing still? 

- The Brown’s experiment of pollen. 
- Einstein and his contribution in explaining the Brownian 
motion.   
 

To start and conclude a learning 
activity. 
To appreciate the scientists. 

Thermal energy - Two major theories to explain the nature of heat during 
history: the ‘the substance of heat’ theory and the 
‘movement of the particles constructing matter’ theory*. 
- Some famous Physicists who supported the later theory*.  
 

Appendix; to appreciate the 
scientists. 
 

Energy conservation in -Joule’s contribution in establishing theory of energy Appendix; to appreciate the 
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mechanical and thermal 
phenomena 

conservation 
- Represent one of Joule’s experiments about energy 
conservation. 
 

scientists. 
 

Heat engine 
 

-History of steam engines, internal combustion engines, 
their effectiveness and usage. 
 - Thomas Savery and James Watt and their contribution in 
engineering inventions. 

To start a new learning  
Appendix; to appreciate the 
scientists. 

Note: - From Vietnamese Physics Textbook – grade 8 (Quang et al. 2003-2012). 
         * Original messages from the textbook were presented in figure 1a. 

 
In the lower secondary school stage, grade 8, historical stories are presented frequently. They are used in 

the introduction, the main content and also in the appendix. Most of the historical narratives are about the great 
scientists that contributed to the theories and laws which presented in the lessons. Some stories reported the 
process of invention in Physics. It seems that history of science in Vietnamese textbooks is mainly used to: 1) 
increase students’ interest about the topic by using in the introduction part and appendix and 2) to appreciate the 
famous scientists by presenting some brief information about them and their portraits. Noted that appendix is 
usually at the end of each lesson. Details of the historical information and their usage in the textbooks can be 
found in table 2. However, there are several more other educational goals behind those stories (i.e., the hard 
work of the scientists, the collaboration among scientists, or that scientists must use their imagination and 
creativity in their invention and discovery) were not stated so that each teacher himself or herself can exploit 
them by different ways. Therefore, depend on teachers’ experience and perceptions, those stories can be 
interpreted and used in variety ways.  

Historical narratives of Physics presented in grade 10 Physics textbooks and their usage were presented in 
table 3. It is found that historical information presented in this grade is also mainly used to be grateful for the 
famous scientists, similar to grade 8. They are also used to introduce the new theories and laws. Grade 10 
Physics mentions some issues about development of technology and problems of the world such as global 
warming and fuel. Messages about environmental education are embedded in some parts alongside with history. 
 
Table 3: Historical stories and their usage presented in Grade 10 Vietnamese Physics textbook – Part 2. Heat 

Unit title Historical information Usage 

The construction of matter 
- the kinetic theory of gases 

- The origination of the word ‘gas’ and its meaning. 
- The time that the kinetic theory of gases was invented. 
 

To introduce the theory 

Boyle-Mariotte’s law -  
constant temperature 
process 

- Portrait and some information of Robert Boyle. 
- Some information in year of discovery of Boyle and 
Mariotte.  
- Origin of the name of the law.  
 

To introduce the law 
To appreciate the scientists.  

Charles' law - the law of 
volumes 

- Charles’ information 
 

To appreciate the scientists. 

Ideal gas law 

- Clayperon and the ideal gas law. 
- Celsius and the Celsius temperature scale. 
- Kevin and the absolute temperature scale. 

To appreciate the scientists. 

- Table of researches in more than one century ago to achieve 
the absolute zero degree: Wrobleski, Olozeiki, Dewar, Debve, 
Dougall, Onnes, Frosati, Eric Cornell, Carl Wieman*. 
 

Appendix; to appreciate the scientists. 

Internal energy and its 
transformation 
 

- Greenhouse effect and some related events in controlling 
greenhouse gases. 

Appendix; for environmental 
education. 

Thermodynamics laws 

- Clausius and Carnot and their statements about the second 
law of thermodynamics. 

To appreciate the scientists. 

- Heat engine and the pollution and effort to find new, clean 
energy. 

Appendix; for environmental 
education. 

Note: - From Vietnamese Physics Textbook – grade 10 (Binh et al. 2005-2012). 
         * Original messages from the textbook were presented in figure 1b. 

 
It should be noticed here that Vietnamese national science curriculum after the war until 1986 was 

originated from the Soviet Union. The education system followed the model of the Soviet Union and education 
management was conducted on this centralized model. After ‘Doi Moi’, the innovation process in 1986 which 
reformed most of the government policies, Vietnamese education system concerns the new ideas of 
decentralization, democratization and modernization. In education, the ‘open door’ policy has implementation to 
meet globalization and common international values as well as traditional values (Duc 2008). Vietnamese 
education curriculum is moving toward the international curriculum. A personal experience is that the first 
author has learnt the statements of the laws of thermodynamics in term that ‘cannot have the eternal engine first 
type (for the 1st law) and second type (for the 2nd law)’ with definitions of those types of engine at secondary 
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school and university. However, these ways of statement has been replaced by using mathematical statement for 
the 1st law and Clausius statement and Carnot statement of the 2nd law in the current textbooks. Nevertheless, 
several minor differences can still be found in Vietnamese scientific concepts and ideas. For an example, 
Boyle’s law is still called Boyle – Mariotte’s law in Vietnamese Physics textbook.  
 

 
(a) 

 
      (b) 
Fig. 1: Examples of historical information presented in Vietnamese Physics Textbooks grade 8 (figure a) and 

grade 10 (figure b) – part Heat 
 

* Noted that the names of the scientists presented in Vietnamese textbooks were phonetically transcribed 
into Vietnamese. 

From the two textbooks, we found that no aspects of NOS were regarded in Vietnamese Physics Textbooks 
explicitly. Most of the historical information was placed at the beginning of the lesson as a suggestion to start a 
new learning and/or in the appendix parts, at the end of the lessons, as an optional side-knowledge. The term 
‘nature of science’ or the aspects of the nature of science never appears explicitly in the textbooks. 

However, from these pieces of historical information, teachers and students ‘may’ infer some naïve ideas 
about these aspects of NOS:  

- Tentative: scientific knowledge may change or even be denied as one theory, when it is proved correct, 
may deny other theories. E.g. the ‘movement of the particles constructing matter’ theory denied the ‘the 
substance of heat’ theory. 

- Empirical: as almost all of the theories and concepts are derived from natural phenomena and 
observations. E.g. the observation of the movement of the pollens.  

- The roles of observation and inference in science: as observation is what people get from their senses 
to see how the phenomenon happened and inference may help them explain the phenomenon. E.g. from 
observation of the movement of the pollens, students get information by their eyesight, then they can refer to the 
movement of a balloon with many people around trying to push it to different directions (Vietnamese Physics 
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textbook – grade 8 (Quang et al. 2003-2012).) Then they can draw a conclusion to explain the movement of the 
pollens (inference) that the pollens were push to different directions by some things that are too small to see. 

- Partly subjective: as different scientists support different theories. E.g. the ‘movement of the particles 
constructing matter’ theory and the ‘the substance of heat’ theory were once presented at the same time. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                  a)                                      b) 
 

Fig. 1: Translation of the messages in figure 1  
 
Unfortunately, teachers and students may also infer some misconceptions about NOS such as the current 

scientific knowledge is confirmable and never changes again 
“Nowadays, modern microscopes captioned the picture of atoms and molecules of several substances. 

Therefore, no one doubts about the existence of these particles anymore.” (Vietnamese Physics textbook- grade 
8 (Quang et al. 2003-2012)) 

or that the scientific method always requires laboratory experiments as most of the concepts were built up 
based on experiments. 

Moreover, some other important aspects of NOS such as the relationship between theory and law and 
cultural and social embedded are very hard to be implied through the way these textbooks present the historical 
information: separate the laws and theories as well as not mention the cultural and social aspects of science. Yet, 
as mentioned previously, the implicit approach is much less effective than the explicit approach in teaching 
NOS. Students’ perceptions are not at the same level as teachers’ expectation and assumption. 

There is another interesting problem that the concept of entropy is not mentioned in Vietnamese secondary 
Physics textbooks. The term ‘entropy’ only appears in the curriculum of universities. Therefore, to introduce the 
second law of thermodynamics, Grade 10 textbook choose to give some common examples in students’ 
everyday life experience about the irreversible process, then inductively raise the concept. To avoid students’ 
uncertainty about the rightfulness of this inductive process, they strengthen the concept by the phrase “many 
experiments showed that…” Energy degradation was mentioned but not emphasized. We therefore suggest a 
learning module studies eternal engines to enhance students’ understanding of energy degradation incorporation 
with NOS. This module will be presented later in table 7. 
 
Suggestion for NOS instructional strategies and other supplement historical information to make NOS 
explicitly: 

 
In this part, we provided in details how to teach NOS explicit-reflectively based on the historical approach 

with examples from the history of heat presented in Vietnamese Physics textbooks. 

2. This table shows the progress of researches over 
a century to achieve the “absolute zero degree” 

Year Scholar Achieved 
temperature 

1883 Wrobleski (Polish) 77.3 K 
1898 Dewar (English) 20.4 K 
1933 Debve 

(Netherlander) 
Dougall (American) 

0.25 K 

1950 Onnes 
(Netherlander) 

10 mK 

1983 Frosati 
(Netherlander) 

2 mK 

1995 Eric Cornell 
(American) 
Carl Wieman 
(American) 

0.017 mK 

1983 Frosati 
(Netherlander) 

2 mK 

1995 Eric Cornell 
(American) 
Carl Wieman 
(American) 

0.017 mK 

May be you don’t know 
  It takes centuries for human to answer the 
question about the nature of heat. Since the 
beginning of 18th century, people assumed that 
heat is a special substance called “the ‘the 
substance of heat”. It is an invisible liquid, no 
weight, which absorbs deeply in all things and 
can be transfer easily from one object to 
another. The substance of heat theory can 
explain some thermal phenomena in which have 
thermal transformation but cannot explain many 
more thermal phenomena include the 
phenomenon that thermal energy changes by 
performing work. 
  Simultaneously with the substance of heat 
theory, there was the theory assumed that the 
nature of heat is the movement of the particles 
constructing matter. Among the supporters for 
this theory, there are some famous physicists 
such as Newton (English), Mariotte (French), 
Lomonoxop (Russian), Joule (English). 
However, it must be waited until the beginning 
of the 19th century, when the theory of the 
matter is constructed by atoms and molecules 
was invented, people acknowle-dge the nature

 

Lomonosov’s 
portrait  

 

Joule’s 
portrait 

Lomonosov 
(1711 - 1765) 

Joule  
(1818 - 1889) 
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As noted previously, Monk and Osborne proposed a pedagogic model of how history of science should be 
used to promote the learning of science content as well as the nature of science (Monk and Osborne 1997): 1) 
Presentation of phenomenon; 2) Elicitation of children’s ideas; 3) Historical Study; 4) Devising Tests; 5) The 
Scientific View; and 6)  Review and Evaluation. The Historical Study phase requires multiple inputs that can be 
found in (Monk and Osborne 1997). 

Hall (Hall 2002) suggested the explicit instruction with two essential group of components: the design 
components and the delivery components. The instructional design components include: Primed Background, 
Big ideas, Conspicuous Strategies, Mediated Scaffolding, Strategic Integration, and Judicious Review. The 
instructional delivery components include: Appropriate Pacing, Adequate Processing Time, Monitor Responses, 
Frequent Students Responses, and Provide feedback. 

Abd-El-Khalick and Lederman (Abd-El-Khalick and Lederman 2000b) studied the influence of History of 
Science (HOS) Courses on students' views of nature of science and claimed that “very few and limited changes 
in participants' views were evident at the conclusion of the courses.” They however suggested that “explicitly 
addressing specific NOS aspects might enhance the effectiveness of HOS courses” and “exposing pre-service 
science teachers to explicit NOS instruction in science methods courses prior to their enrollment in HOS courses 
might increase the likelihood that their NOS views will be changed or enriched as a result of their experiences 
with HOS.” From their study, however, we can learn the factors might impede the effectiveness of the historical 
approach in enhancing students' and pre-service teachers' NOS views (Abd-El-Khalick and Lederman 2000b) to 
apply in the historical approach. These factors include: 1) Difficulties in using HOS to help learners acquire an 
understanding of NOS; 2) The extent to which various aspects of NOS were accorded explicit attention in these 
courses: Explicitly addressing certain aspects of NOS within the context of HOS courses could be more 
effective than an implicit approach; 3) The interaction between learners' misconceptions of content and learning 
more accurate content; and 4)The courses' goals and objectives: The aim of enhancing students' NOS views 
might not always be accorded priority in HOS courses. 

Hanuscin and Lee (Hanuscin and Lee 2009) suggested several practical strategies for teachers to help 
student understand the nature of science as followed: 

- Invite students to express their own ideas about science and scientists through talking, writing, and 
drawing; 

- Help students critically evaluate popular images of science and scientists; 
- Introduce students to “behind the scenes” information about how the scientific ideas in their textbooks 

came about; 
- Encourage students to reflect on their ideas about the nature of science and how these ideas are 

illustrated by their own classroom science investigations; and 
- Invite students to consider specific ideas about the nature of science during instruction by asking 

questions such as, ‘What might cause scientists to change their ideas?’ or ‘How do you think scientists 
determined what dinosaurs looked like if they only had the bones?’ 

From these reviews, it is obviously that using historical approach solely to teach NOS is not effective. 
Instead, teachers need to make the NOS lessons explicit. Our suggestions on the key ideas of how to teach NOS 
effectively through history of science with explicit – reflective approach were summarized in table 4. This table 
was synthesized based on the previous references and based on our ideas. It is recommended that applications 
from these ideas are extremely flexible and no need to follow step by step design.  

A specific example of a designed NOS lesson plan based on Vietnamese curriculum and based on the ideas 
presented in table 4 was showed in table 5. In this lesson plan, we organize 5 big phases of NOS teaching 
including NOS key concepts, learning material, students’ activities, NOS reflective questions, and concept 
review. Not all ideas from table 4 were presented in this table. However they are also very important such as 
idea 1: Consider primed background knowledge, students’ present misconceptions or naïve conceptions about 
NOS as this idea will guide us throughout the design and instructions. Table 5 can be used as a practical design 
framework for teachers. 

From the framework of design illustrated in table 5, teachers can design by themselves their lesson plans for 
the other units. Table 6 and 7 can be referenced for our suggestions on the learning modules and NOS goals that 
can be developed based on the history of heat which presented in Vietnamese textbooks which were already 
summarized in table 2 and 3. Firstly, from these tables, teachers can find the ‘historical module’ of NOS 
learning as the big idea of NOS teaching or concept teaching which can combine NOS. Secondly, the ‘related 
historical information’ shows the information that can be used in this learning module. Most of these pieces of 
information were based on the actual information presented in Vietnamese Physics textbooks. However, there 
are some more added ideas to make the module more interesting such as one about eternal engines. Finally, the 
‘NOS key goals’ shows the main aspects of NOS that can be taught through this module. Noted that due to the 
re-organization of the textbook historical information as well as some added supplement information to develop 
more concentrate and effective NOS learning activities in these modules, hence, the modules were not designed 
for all each separate unit. Instead, some modules can be used as a combination at the end of several units, or be 



2582 
J. Appl. Sci. Res., 9(4): 2575-2584, 2013 
 

 

designed as homework assignments for students to study by themselves, based on the classroom’s and students’ 
actual situations and teachers’ ideas. All the ideas were carefully considered in the context of Vietnamese 
classroom where teachers are encouraged to replace plain lecture by active teaching and learning activity in 
which project-based learning is a possible way.  
 
Table 4: Our key ideas to teach NOS explicitly through history of science 

1 Consider primed background knowledge, students’ present misconceptions or naïve conceptions about NOS. 
2 Find the big ideas to employ history of science to teach NOS. 
E.g.: Scientists use many different processes and tools to study the natural world. 
3 State NOS goals explicitly. 
4 Design suitable learning activity. 
E.g.: 
 Challenge students’ current knowledge by presenting some common misconceptions about NOS and let students find examples in 
history of science to against it and form new knowledge. 
 Let students repeat the historical experiments and draw conclusion or resolve the problem. 
 Assign a historical learning project for students work individual or in group.  
5 Provide NOS reflective questions. 
6 Prepare learning material, references and instructions. 
7 Monitor, request frequent students responses and provide feedbacks. 
8 Consider appropriate pacing and processing time. 
9 Review NOS concepts. 
10 Assess and evaluate NOS outcomes.  

 
Table 5: An example of a NOS lesson plan through the history of heat 

NOS historical learning activity design 
Related unit: The construction of matter 
Learning module: Movement of matter particles 
NOS key concepts: 
- Tentative, empirical and theory-laden NOS: learn how scientific ideas develop and change 
- Observation and inference: Learn the roles of observations and inferences in developing scientific ideas. 
- Scientific method: Learn about some of the techniques and tools scientists use. 
Learning material: 
- Experiment: a glass of water, some pollen powder, microscope or Brownians’ animated motion. 
- Experiment worksheet and note-taking worksheet. 
- Internet and related information and communication technologies. 
Students’ activities: 
 Activity 1: 
- Observe the motion of the Brownian particles. 
- Report their observations and inferences, and then propose an explanation for the motion of the Brownian particles.  
 Activity 2: 
- Go to the internet and find information about Brown, Einstein, and other scientists and the ways they do their work. 
- Compare and contrast the ways those scientists do their work. From your perspective, explain why there is the similarity and 
difference between their methods? 
NOS reflective questions: 
- What are the roles of observation in science?  
- What are the roles of inference in science? 
- To form your explanation for the motion, which kind of mental activities that you used? How important they are? 
- Give your ideas for the reasons why Brown and the scientists at his time could not explain the Brownian’s motion. 
- “There is no singular scientific method.” Provide your ideas to argue for and/or against that notion. 
Concept review: 
- Science is the study of the natural world. Scientific knowledge is based on evidence. 
- Scientists’ theoretical commitments, beliefs, previous knowledge, training, experiences, and expectations influence their 
work. As a result, there is no one way to do science or no universal step-by-step scientific method. 
- Science involves the invention of explanations, and this requires a great deal of creativity by scientists 
- Observation and inference are different type of activities yet both important for science: Observations are descriptive 
statements about natural phenomena that are “directly” accessible to the senses and about which several observers can reach consensus 
with relative ease. Inferences go beyond the senses. 

 
Conclusion: 

 
Teaching and learning nature of science is worldwide considered very important. However, nature of 

science is still not gained the attention of Vietnamese educators. Therefore, introducing NOS and how to teach 
NOS in Vietnam is urgent. Obviously, for best explicit NOS, the change should begin from the curriculum. 
However, to change a national curriculum as in the case of Vietnam, it requires involvements of the 
government, teachers, students, and all society. The essential roles of NOS in teaching and learning science 
therefore should be acknowledged first by teachers and stakeholders. More researches and workshops on NOS 
in Vietnam are necessary to do this job. However, it will be a long approach before having a desired curriculum.  
For that reason, this study presented an analysis of the nature of science presented through the history of heat in 
Vietnamese Physics textbooks and a review on NOS teaching approaches. It is found that although there are 
historical narratives as a part of Physics lessons, no aspects of NOS are currently presented explicitly. From 
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these, we move to some practical suggestions for teachers in incorporating history of science in NOS teaching 
under the current curriculum. We recommend that Physics teachers can use the key ideas in this study and adjust 
them to meet the real situation in each class. This study can be used by science teachers in general as it provides 
a framework of instructional design for NOS teaching module. Guide handbooks of how to teach NOS for each 
subject in Vietnam for Vietnamese teachers should be also developed. 
 
Table 6: NOS learning module suggestions for history of heat – grade 8 Vietnamese Physics textbook. 

Historical module Related historical information NOS key goals 
Movement of matter 
particles 

- History of atom and molecule discovery. 
- The Brown’s experiment of pollen. 
- Einstein and his contribution in 
explaining the Brownian motion.   
 

- Tentative and empirical NOS: learn how scientific ideas 
develop and change. 
- Observation and inference: Learn the roles of observations and 
inferences in developing scientific ideas. 
- Scientific method: Learn about some of the techniques and 
tools scientists use to see that there is no universal, step-by-step 
scientific method. 
 

Law vs. theory: how 
scientific concept 
was built? 

- Theories to explain the nature of heat 
and their supporting scientists. 
-Joule’s contribution in establishing 
theory of energy conservation 

- Tentative, empirical, subjective and theory-laden NOS: learn 
how scientific ideas develop and change as well as based on 
others’ previous scientific concepts. 
- Law and theory: Learn the similarity and difference between 
law and theory and their relationship. 
- Scientific method: Learn about some of the techniques and 
tools scientists use to see that there is no universal, step-by-step 
scientific method. 
 

History of engines. -History of steam engines, internal 
combustion engines, their effectiveness 
and usage. 
 - Thomas Savery, James Watt and their 
contribution in engineering inventions. 

- Social and cultural embedded NOS: learn how science 
develops due to the urge of society and culture. 
- Tentative, empirical and theory-laden NOS: learn how 
scientific ideas develop and change as well as based on others’ 
previous scientific concepts. 
 

 
Table 7: NOS learning module suggestions for history of heat – grade 10 Vietnamese Physics textbook.. 

Historical module Related historical information NOS key goals 
The kinetic theory of gas 
and the laws of gas. 

- The history of the invention of 
the kinetic theory of gas. 
- The Boyle-Mariotte’s law, Charles’ law, 
and the ideal gas law and the attributing 
scientists. 
 

- Tentative, empirical, and subjective and theory-laden 
NOS: learn how scientific ideas develop and change as 
well as based on others’ previous scientific concepts. 
- Law and theory: Learn the similarity and difference 
between law and theory and their relationship. 
- Scientific method: Learn about some of the techniques 
and tools scientists use. 
 

Heat or temperature? - Scientists in heat study: Robert Boyle, 
Mariotte, Charles, Clayperon, Celsius, 
Kevin, and other scientists. 
- The temperature scales: the Celsius 
temperature scale, the absolute 
temperature scale. 

- Tentative, empirical and subjective and theory-laden 
NOS: learn how scientific ideas develop and change as 
well as based on others’ previous scientific concepts. 
- Social and cultural embedded NOS: learn how science 
was presented and used in different societies and cultures. 
 
 

Eternal engines - Clausius and Carnot and their statements 
about the second law of thermodynamics. 
- Eternal engines and energy degradation. 

- Tentative, empirical and subjective and theory-laden 
NOS: learn how scientific ideas develop and change as 
well as based on others’ previous scientific concepts. 
- Roles of imagination and creativity in science: learn how 
scientific inventions were invented.  
 

Heat engine and the 
greenhouse effect 

- Greenhouse effect and some related 
events in controlling greenhouse gases. 
- Heat engine and the pollution and effort 
to find new, clean energy. 
 

- Social and cultural embedded NOS: learn how science 
develops due to the urge of society and culture. 
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