[bookmark: _Toc475724440][bookmark: _GoBack]INTRODUCTION
[bookmark: _Toc475724420]1. MOTIVATIONS OF THE STUDY 
[bookmark: _Toc475724421]1.1. Climate change - a factor that destroys human living
	Climate change has serious consequences for all countries in the world. Climate change has a great impact on water resources, agriculture, forestry, energy, environment, tourism, health and health. Climate change is one of the greatest challenge for humankind, has profound effects and change fully the social life in all the world.
[bookmark: _Toc475724422]1.2. The role of education in tackling the challenges of climate change
	Climate Change Education (CCE) helps learners to have innovation on: knowledge and skills on climate change, values and creativity in environment protection, especially behavior - attitude change and citizen capacity. The strengthening of CCE is considered as the "key" to respond effectively to climate change. 
1.3. Advantages of high school biology content in climate change Education
	The content of Biology  in high school consists of: Structure, living activities of living organisms at different levels, the interaction between organisms and environment. The logic of biology content development shows that the living activity of an organism is closely related to environment. Climate is an infertile ecological factor with inevitably affects on growth and development, survival and evolution of organisms, contributing to the creation of the living world. The living activities of organisms and humans influent to the composition and characteristics of climate. In particular, the photosynthetic activity of plants has altered the composition and characteristics of the Earth's atmosphere. Human activity is the main cause of modern climate change. Climate change has a repercussion effect on the existence and development of organism and human society. Thus, between organisms and climate, there is always interactive relationship, forming a unified whole, govern each other.
Based on the above reasons, we study the study "Integration of climate change education in teaching biology in high school".
[bookmark: _Toc475724424]2. RESEARCH OBJECTIVES 
	We determine the measure of integration of climate change education in teaching biology in high school from the point of view that biology is an important component to create climate system so that students can master the biology contecnt, climate change content and  take measures to respond to climate change.	
[bookmark: _Toc475724425]3. SUBJECT AND OBJECT OF STUDY  
[bookmark: _Toc475724426]3.1. Study subject
Integrative method to integrating climate change in teaching biology in high school. 
[bookmark: _Toc475724427]3.2. Study object
	Teaching and learning biology process in high school.
[bookmark: _Toc475724428]4. SCIENTIFIC HYPOTHESIS
If integration of climate change education is implemented in teaching biology in high school with the point of view that biology is an important factor having impact on climate, students can master the biology contecnt, climate change content and  take measures to respond to climate change.
[bookmark: _Toc475724429]5. SCOPE OF STUDY 
Study aims to integrate climate change education in  teaching biology in high school at organism level and above organism level.
[bookmark: _Toc475724430]6. RESEARCH TASKS
6.1. Systematize the theories of integrating teaching methods, integrating climate change education in teaching biology at high school. 
6.2. Investigate the situation of implimentation of climate change education in teaching biology at high school. 
6.3. Define components of climate and characteristics of climate change to have the basis of integration of climate change education in teaching biology in high school.
6.4. Analyse the relationship between climate and living organism. 
6.5. Establish the process and measure to integrating climate change education in teaching biology in high school.
6.6. Establish criterion and tools to evaluate the result of integration of climate change education in teaching biology in high school.
 of integrating climate change education in high school level. 
6.7. Conduct pedagogic experiment to evaluate the scientific hypothesis of the study.
[bookmark: _Toc475724431]7. STUDY METHODS
[bookmark: _Toc475724432]Study uses the following mothods: theories analysis method, realy situations analysis method, pedagogic experiment method, data analysis method.
[bookmark: _Toc475724437]8. NEW CONTRIBUTION OF THE STUDY
8.1. Clarify and improve the theory of integrated climate change education in accordance with related content of Biology subjects at high school cirriculum 
8.2. Identify the  knowledge of climate change, the sustaimability of climate and the direct and indirect impact of biodiversity on climate formation and climate change for teaching Biology at high schools.
8.3. Propose principles and proccess to integrate climate change education teaching biology, in with a view of living activities is an important cause of climate change.  
8.4. Propose appropriate manner to climate change education teaching biology in high school.
8.5. According the results of pedagogic experiments, intergration of climate change education in the perspective that biology is considered as an important component affecting on climat is really a win-win teaching movement. 
 

CHAPTER 1. THEORETICAL AND PRACTICAL BASIS
1.1. RESEARCH HISTORY ON INTERGRATING EDUCATION OF CLIMATE CHANGE IN HIGH SCHOOL 
1.1.1. Research history of of  integration in teaching
[bookmark: _Toc472933603][bookmark: _Toc475724442]1.1.1.1. In the world
	The first ideas on intergration were expressed in terms of the association between school and society, the connection between learning and the practice, the education associated with labor, and interdisciplinary perspectives: Jonh Deway (1899), N.K. Crupxkaia (1918), H.A. Loskareva (1973), V.T.Phormenko (1996) ... According to UNESCO (1972) emphasizes the approach to concepts and principles in teching biology rather than unify the content. Xavier Roegiers (1996) has divided four ways of integrating the subject, including two major groups: Firstly, it is to offer common applications for many subjects. Secondly, coordinate the teaching process of many different subjects. According to Xavier Rogiers, integrated instruction will shape learner competencies.
	In many countries around the world, integration is a fundamental stance in the buildingof curricula and textbooks from elementary school to secondary and high school, but atdifferent degrees.
[bookmark: _Toc472933604][bookmark: _Toc475724443]1.1.1.2. In Vietnam
	Since 1997, the integration questionhas been implemented by the Institute of Educational Sciences and Hanoi Nation University of education [10], [95]. The content of integrating environmental education, reproductive health, food safety, energy saving, life skills ... in the subjects in high school has been the real interest of many educational scientists. Currently, Duong Tien Sy (1999), Nguyen Kim Hong (2002), Cao Thi Thang and Luong Viet Thai (2011); Nguyen Phuc Chinh (2012) ... However, the integration of subjects in high school has not become a guiding point in buildingprogram, writing textbooks for different subjects.
[bookmark: _Toc475724444]1.1.2. History of research on integrating education of climate change in teaching in high school
[bookmark: _Toc472933606][bookmark: _Toc475724445]1.1.2.1. Situation of research on intergration of education of climate change in teaching in high school in the world
	UNESCO has identified education of climate change as one of the contents of education for sustainable development. Integration of climate change issues was first discussed at the International Conference on Sustainable Development in 2002. The integration of climate change issues is considered as an important element in designing an effective policy to achieve economic  benefits. Economic and climate change responses as well.
	China has implemented climate change action plans, including specific educational initiatives. Newfoundland and Labrador (Canada) have had an action plan on climate change since 2005. In 2009, the Danish government launched a series of specific initiatives on climate change education in the Education strategy forsustainable development. In Australia, new solar energy schools have been established under the auspice of sustainable development education with specific content on climate change. In Korea, climate change is one of the main contents of education for sustainable development and is included in the themes of school subjects at school. The Korean government has encouraged relevant organizations to change or add new content in textbooks related to climate change and green development.
[bookmark: _Toc472933607][bookmark: _Toc475724446]1.1.2.2. Situation of research on intergration of education of climate change in teaching in high school in Vietnam
The Government of Vietnam has had undertakings, policies, efforts and determination to respond to climate change. Many localities, agencies and organizations have developed documents, organized seminars, training courses on climate change, education of climate change, implementing measures to cope with climate change such as Ministry of Agriculture and Rural Development, Ministry of Education and Training, Hanoi National University, Hanoi National University of Education, National Committee of Education decade for Sustainable Development of Vietnam, civil and social organizations ...
Education of climate change has been studied by many scientists such as Tran Duc Tuan (2009), Nguyen Thi Thu Hang, Dang Duy Loi, Dao Ngoc Hung (2010), Truong Quang Hoc et al. (2011), Le Van Khoa et al. (2012), Nguyen Thi Minh Phuong (2009), Nguyen Duc Vu (2009) ...
Many educational scientists have studied intergration of education of climate change in different subjects such as Nguyen Thi Viet Ha (2010), Hoang Thi Viet Ha (2010), Trinh Phi Hoanh (2010), Nguyen Tat Thang (2010), Nguyen Ho (20100, Vo Thanh Tan (2009), Bien Van Minh and Pham Quang Chinh (2009), Nguyen Thi Kim Lien (2009), Ha Van Thang (2010) research integration of climate change education in Geography In High School ... These proposals and researches mainly use the methodology of intergration of education of climate change in the main program and extracurricular activities, collective activities and field trips. However, there is not yet a comprehensive training plan and propaganda on climate change contents. The intensive scientific researches on intergration of education of climate change in the teaching of biology in Vietnamese high school are not available. Therefore, the research onintergration of climate change in teaching high school students in Vietnam is a promising research direction, contributing to improving the quality of teaching biology and achieving the target of climate change education for students.
[bookmark: _Toc475724447]1.2. THEORETICAL BASES
[bookmark: _Toc475724448]1.2.1. Integrated teaching
[bookmark: _Toc475724456][bookmark: _Toc472933616][bookmark: _Toc475724455]1.2.1.1. Definition of intergration, intergrated teaching
1.2.1.2. The theoretical bases for integrated teaching: The basis of philosophy base; psychological base; teaching theory base.
[bookmark: _Toc475712934]1.2.1.3. Methods for integrating subjects
- The first type of integration: Proving similar application for different subjects. This method still maintains the separate courses and this is popular application of integrated teaching method currently
+ Opption 1: Similar application for different subjects which being taken at the end of school years or at the end of educational level 
+ Opption 2: Similar applications for different subjects which being carried out at the regular time periods of the school year. 
- The second type of integration: Combining the teaching processes of different subjects. This type of integration aim to combine two or more subjects into a single subject. 
+ The third type of integration: Combining the learning processes of different subjects by a integrated topic: The similar contents of different subjects are grouped to create integrated topic, while the subject remain seperate goals.. 
+ The fourth type of integration: Using the integrated situation which target the common objectives of a group of subjects in teaching and learning process, in order to create an integrated subject. 
1.2.2. Climate change
[bookmark: _Toc472933610][bookmark: _Toc475724449]1.2.2.1. Weather
Weather is the state of the atmosphere at a certain area or place at a particular time and is expressed in terms of temperature, humidity, wind, rain, clouds, etc. Weather is instable and changeable.
[bookmark: _Toc472933611][bookmark: _Toc475724450]1.2.2.2. Climate
* Definition: Climate is the average value of weather in many years in a particular area. The climate is relatively stable and less variable, while the weather is changing drastically. Each type of climate is characterized by the main characteristics of temperature, humidity, precipitation or atmospheric circulation characteristics…
* Fundamental elements of the climate: heat circulation (temperature), moisture circulation (humidity), atmospheric circulation (wind).
Heat, humidity and atmospheric circulation at a certain place are interrelated for many years, creating a climate at that place. These are the three factors that shape the climate. These three factors are not separated, but are always linked one to others, motivating or inhibiting one to others.
* Factors that affect the formation of the Earth's climate system
The Earth's climate system is the result of the interaction of five components: the atmosphere, the atmosphere, hydrosphere (ocean), lithosphere (land surface), cryosphere and biospherethe.
* Relationship of climate with organism
- Climate and organism always have a close relationship, forming a stable unify.
- The distribution and development of organism depend on climate.
- Organism regulates and stabilizes climate through temperature, light, humidity, precipitation, wind speed, composition and proportion of CO2, O2, N2, N2O, CH4 ... for a stable climate.
- Human impact breaks many ecosystems, makes the Earth loseits absorption layer, causing climate change.
Since, organisms are important factors that forms the climate system.
[bookmark: _Toc472933612][bookmark: _Toc475724451]1.2.2.3. Climate change
* Definition of climate change
According to Truong Quang Hoc, Nguyen Duc Ngu (2009), climate change is the change of state of climate in comparaison with average according to a certain trend and/or fluctuating climate for a long period of time, normaly in several decades or longer.
* Causes of climate change
- Natural causes
There are many theories explaining the natural causes of climate change, including: Plate tectonics; collision of meteorite with Earth; Volcanic activity; Oscillations in the Earth's orbit; Ocillations of the Earth's orbit around the sun; The cycle of the sun.
- Artificial causes 
- Due to the increasing economic, social and human activities, the fact that GHG (green house gas) concentrations in the atmosphere soars dramaticaly leads to the augmentation of the greenhouse effect. The main GHGs are CO2, methane, nitrogen oxides (N2O), ozone, chlorofluorocarbons (CFCs), water vapor.
- Due to severe damage of ecosystems (forests, waterways, etc.), CO2 volume absorbed by plant decreases, then, the regulator element for climate regulator disappears. This will change all the elements of climate, leading to climate change.
* Main forms of global climate change
Increasing of atmospheric temperature, causing Global warming; Fluctuations in rain and rainfall; Melt ofglaciers at the poles and at the top of the high mountains; Rise of sea level; Disasters and extreme weather at increasing frequency, intensity and abnormalities.
* The impact of climate change on resources and organisms
Impacts of climate change on agriculture, forestry and fishery; Impacts of climate change on natural ecosystems and biodiversity; Impacts of climate change on coastal areas and marine activities; Impact of climate change on water and land resources.
[bookmark: _Toc472933614][bookmark: _Toc475724453]* Response to climate change
- Adaptation to Climate Change: Climate change adaptation is the adjustation of the natural system or human system to the changing environment, in order to reduce vulnerability and to take advantage of favorable opportunities due to climate change.
Measures to adapt to climate change: Accepting losses; Sharing losses; Reducing danger; Preventing impacts; Changing usage; Changing location; Research; Information education, encouraging behavioral exchanges.
- Mitigation of Climate Change: Mitigation of Climate Change is activities to reduce the level or intensity of greenhouse gas (GHG) emissions.
Climate change mitigation activities in Vietnam include: supplementing and improving policies to reduce GHG emissions, improving energy efficiency, increasing the use of new and renewable energy sources, protecting and enhancing the GHG storage tanks and absorbing tanks, developping agriculture and sustainable farming practices, GHG retrieve.
1.2.3. Intergration of education of climate change in teaching biology in high school
[bookmark: _Toc475712947]* Objective of education of climate change in teaching biology in high school
[bookmark: _Toc475712948]- General objective: intergration of education of climate change in teaching biology in high school is through teaching biology to equip students with basic knowledge about climate, weather, GHG, current and past climate change, causes and consequences of climate change, the relationship between people and nature, climate change and response to climate change. Then, student becomes active propagandists in families, schools and localities on climate change, and consciousness contributing to appropriate activities at locality to minimize the impact of climate change when sitting in school seats as well as in the future.
[bookmark: _Toc475712949]- Specific objective: Knowledge, skills and attitude to respond to climate change.
[bookmark: _Toc475712951]* Level of education of climate change in teaching biology in high school: Total Integration, Partial Integration, Reference.
[bookmark: _Toc475724457]1.3. PRATICAL BASIS OF EDUCATION OF CLIMATE CHANGE IN TEACHING BIOLOGY IN HIGH SCHOOL 
Through studying the situation of teaching integrated of education of climate change in teaching biology in high school, we draw the following conclusions:
- The majority of teachers think that the integration ofeducation of climate change in teaching biologyfor students is necessary. Teacher has clearly defined the important role of integration ofeducation of climate change education in teaching biology for students in high school. However, teachers have to face to face with some difficulties: There are not teaching aids nor enough time; Teachers are embarrassed in choosing methods, defining integration goals, climate change content needed to integrate in biology, ...
- In general, high school teachers have implemented education of climate change in teaching biology, but at a low level, most teachers have occasionally implemented integration of education of climate change in teaching biology. The majority of teachers think that the integration of education of climate change in teaching biology for students is necessary. Teacher has clearly defined the important role of integration of education of climate change education in teaching biology for students in high school. In practice, teachers have refered to related to climate change issues, integrated climate change education at favorable places in biology lesson.
	- Most teachers have clearly defined the contents integrated of education of climate change in teaching biology in high school that need to be taught for students. Methods of climate change education like role playing, project teaching, game use are not applied frequently by teachers. Teachers often use textbooks; Information from books, newspapers, internet, radio, television, pictures, diagrams, tables ... to integrate climate change education in teaching biology in high school. The resources to integrate climate change education used by teachers are: environmental reference materials, biology textbooks, reference materials on climate change.
	- The awareness of students on climate change is limitted, the information learn about climate change are mainly from the internet, television, books, lectures of teachers.

[bookmark: _Toc479955508]CHAPTER 2. ORGANISATION OF INTERGRAT OF CLIMATE CHANGE EDUCATION IN TEACHING BIOLOGY IN HIGH SCHOOL
[bookmark: _Toc479955509]2.1. DETERMINING TOPICS IN TEACHING BIOLOGY WITH THE DIRECTION OF INTEGRATION TEACHING CLIMATE CHANGE

2.1.1. Objectif of teaching biology in high school
Students need to achieve the objective of knowledge, skills and attitudes through teaching biology in high school in accordance with MOET's regulations. Students have to explain the unified and interactive relationship between organisms and environment; Organisms are influenced by the environment, and they influent the change of environment and climate.
[bookmark: _toc479955511]2.1.2. Structure of biology content in high school 
The object of biology is the living world. The mission of biology is to explore the characteristics of the organization of the living world, the activity of the living world, the relationship of the world and the environment, the value of the living world with human and nature. The current high school curriculum uses the view of organizational level and living activity as the main viewpoints for the conception of theme in program. At each organizational level, living activities, especially metabolism of matter and energy, interact with the environment at different range.
Since the ecology has developed of higher levels with diversity and abundance, the interaction of ecology with the environment is in equilibrium. Due to the demand for socio-economic development, human beings have lost many ecosystems. On the other hand, because of industrial development, transportation changes the composition and proportion of gases in the atmosphere. This causes the environment change, leading to regional and global climate change.
2.1.3. Biology themes in the direction of intergration teaching climate change
2.1.3.1. Definition of theme
	In this thesis, theme is considered as idea for consideration linking different aspects, different relationships of living organisms - ecology to optimize the integration of teaching climate change. 
2.1.3.2. Biology theme in the direction of integration teaching climate change
	In living activities, metabolism of matter and energy is biological factor that makes climate change; other activities such as growth, development, induction and reproduction are biological base of adaptation and mitigation of climate change. Thus, in this thesis, we choose metabolism of matter and energy as theme for teaching the causes of climate change; growth and development, induction, reproduction as the theme for teaching the adaptation and mitigation of climate change. Then, in the biology program at high school program, there are the following themes of education of climate change:
-  Metabolism of matter and energy at each level of living organization
- Growth and development, induction, reproduction at each level of living organization
At each level of living organization above, we always take into consideration of metabolism of matter and energy in different forms of life.
[bookmark: _Toc479955512]2.2. POTENTIALLITY CLIMATE CHANGE EDUCATION IN TEACHING BIOLOGY IN HIGH SCHOOL
Living activities, especially the metabolism of matter and energy of each form of life in each living organization level, show that the activity of the organism itself creates product that forms the climatic factors. In addition, the socio-economic development of human beings (also a biological factor) affects the climate, causing climate change. Thus, the content biology in high school students contains the potential for education of climate change. This is clearly shown in Tables 2.1 and 2.2:



[bookmark: _Toc479955674]Table 2.1. Knowledge of climate change contained in high school biology themes
	Factors of CC
Biology 
themes
	Temperature
	Water vapor, (moisture)
	Wind
	Light
	Atmospheric composition

	Physical and energy metabolism at organism level

	Unicellular organism
	Autotroph
	Temperature decrease of atmosphere, geosphere and hydrosphere
	Moisture increase
	
	Absorbs light → decrease temperature
	Increase O2, decrease CO2

	
	Heterotroph
	Heat discharge 
	Moisture increase
	
	Absorbs light → decrease temperature
	Increase CO2, CH4, H2S, decrease O2

	Multicellular organism
	Autotroph
	Temperature decrease from atmosphere, geosphere and hydrosphere
	Moisture increase
	Wind resistance
	Absorbs light → decrease temperature of atmosphere, decrease light on geosphere
	Increase O2, decrease CO2

	
	Heterotroph
	Heat discharge
	Moisture increase
	
	
	Increase CO2, CH4, H2S, decrease O2

	Metabolism of matter and energy at population level
	Autotroph
	Temperature decrease from atmosphere, geosphere and hydrosphere;
Discharge heat
	Moisture increase
	Wind resistance
	Absorbs light → decrease temperature of atmosphere, decrease light on geosphere surface
	Increase O2, decrease CO2

	
	Heterotroph
	Heat discharge
	Moisture increase
	
	
	Increase CO2, CH4, H2S, decrease O2

	Metabolism of matter and energy at biome level
	Autotroph and
Heterotroph
	Decrease
                Balance

Increase
	Moisture increase
	Resistance slow down the wind speed
	- Cover the light shined on the ground →    decrease the surface temperature;
- Absorbs light
	Atmospheric composition will stay stable if biome is stable and vice a versa

	Metabolism of matter and energy at ecosystem level  
	Autotroph and Heterotroph
	Decrease
                    Balance

Increase
	Balance
	Resistance slow down the wind speed
	- Cover the light shined on the ground →             transfer light energy into chemical and thermic energy
	Atmospheric composition will stay stable if ecosystem is in balance state and vice a versa

	Metabolism of matter and energy at biosphere level  
	Autotroph and Heterotroph
	Balance
	Balance
	Resistance slow down the wind speed
	Transfer light energy into chemical and thermic energy
	Atmospheric composition will stay stable if biosphere is in balance state 



Table 2.2. Effects of human activities on climate

	Factors of CC
Human 
activities
	Temperature
	Water vapor, (moisture)
	Wind
	Light
	Atmospheric composition

	Resources exploitation; burning of forest to gain land for cultivation
	Atmosphere temperature increase due to lost of forest cover area
	Moisture and underground water volume decrease due to lost of plant cover area
	Unresistance to storm, wind, flood, wave due to lost of forest 
	Time and intensity of light shining increase → increase surface temperature due to lost of cover area
	Increase CO2, NO2, …; decrease O2 → climate unbalance 

	Industrialization activities
	Temperature increase due to heat discharge from industrial, agricultural activities, urbanization
	Moisture decrease, water exhaustion due to lost of pond system, water reserve lakes,  urbanization, lost of forest
	Construction to enhance the wind resistance ability creates wind current with high speed
	Light intensity decrease due to dust and smoke pollution from industrial and agricultural production….  Light level increase due to reflex from construction and urban area… 
	Increase CO2, CH4, N2O, CFCs, … decrease O2 →    atmosphere unbalance       → greenhouse effect increase, acid rain



[bookmark: _Toc479955514]2.3. INTERGRATION OF CLIMATE CHANGE EDUCATION THROUGHT BIOLOGY THEME IN HIGH SCHOOL
[bookmark: _Toc479955515]The below table is indication table for content of climate change education which can be intergrated in teaching some fundamental biology themes in high school. 
[bookmark: _Toc479955677]

Table 2.3. Integration of climate change education through biology themes in high school
	Integration of climate
change 
education 
Themes
	Education of climate change knowledge
	Education to adapt to climate change 
	Education to mitigate climate change

	1- Living activities at organism level

	Metabolism of matter and energy  at unicellular organism
	Increase O2, decrease CO2 by photosynthesis;
Discharge  heat, GHG due to the resolution of organic matter
	
	

	Growth and development, induction, reproduction at unicellular organism
	
	Use microorganisms to clean the environment: bacteria oxides H2S and fixes CO2 for cleaner water; Use microorganisms to destroy wastes, causing environment pollution, create large biomass to feed animals ...; Use microorganisms to produce biomass in order to obtain protein, antibiotics, hormones ... to meet human needs; Use hygiene measures to limit the reproduction of harmful microorganisms.
	Use photosynthetic micro organism to absorb sunlight energy, CO2 to mitigate climate change ...; 
Use microorganism to treat organic waste in order to reduce GHG emissions; Sanitize Regularly environment to eradicate pathogens, restrict the reproduction of infectious microorganisms 

	Metabolism of matter and energy  at multicellular organism
	Photosynthetic plants absorb CO2, discharge O2, water vapor, absorb sunlight energy; Plant cover reduces ground temperature, resists wind and storms ...; Animals absorb O2, discharge CO2 and heat.
	
	

	Growth and development, induction, reproduction at multicellular organism
	
	Select suitable varieties to adapt to flood, drought, heat, cold ...; Build the structure of plants and animals suitable with climate change; Breed hybrid to have plants and animals adapt to climate change; Change attitudes and behaviors to adapt to climate change

	Plant and protect plants to regulate climate; Exploit plants and animals properly to ensure biomass and reduce GHG emissions as well; Green the uncovered land and hills for windbreaks, wave resistance; Implement family planning to reduce population pressure on the environment.

	2- Living activities at population level

	Metabolism of matter and energy at autotroph population 
	- Absorb sun energy, CO2, discharge O2, cover light;
- Resist storm, rain, help steam emission
	
	

	Growth and development, induction, reproduction at autotroph population
	
	- Create population with capability of grow and develop in the condition of climate change.
	- Take care and develop autotroph populations to cover the ground, absorb energy, reduce CO2 levels in the air.

	Metabolism of matter and energy at heterotroph population 
	- Consume O2;
- Discharge heat, CO2, CH4 ...
	
	

	Growth and development, induction, reproduction at heterotroph population
	
	- Create population with capability of grow and develop in the condition of climate change.
	- Make structure of livestock, plants suitable and balanced to improve the interaction efficiency between autotroph populations and heterotrophic populations, contributing to climate balance.

	3- Living activities at biome level

	Metabolism of matter and energy at biome level
	Highly developed and stable biome will: balance matter, gain lot of energy from the environment, help to balance climatic factors.
	
	

	Growth and development, induction, reproduction at autotroph biome level
	
	- Create, take care and protect biomes with many food chains so that biomes are less volatile;
- Develop the biomes in which organisms are autotroph.
	- Take care and protect production biomes (autotroph) so that biomes are stable on the number of individuals per species and the number of species contributing to stabilization of climate.

	4- Living activities at ecosystem level

	Metabolism of matter and energy at ecosystem level
	- Each ecosystem develops at a high and stable level: it receives a lot of light energy and a large green area, leading to ground temperature decrease and climate balance in the area.
	
	

	Growth and development, induction, reproduction at autotroph ecosystem level
	
	- Create artificial ecosystems that are adaptable to climate change;
- Protect ecosystems in watersheds forests, mangroves and marine ecosystems in each area.
	- Fight against deforestation, actively plant forests;
- Restore natural ecosystems that have been devastated by human in each area.

	5- Living activities at biosphere level

	Metabolism of matter and energy at biosphere level
	- Each ecosystem develops at a high and stable level: it receives a lot of light energy and a large green area, leading to ground temperature decrease and global climate balance including the ecosystem in the hydrosphere, lithosphere and atmosphere.
	
	

	Growth and development, induction, reproduction at autotroph biosphere level
	
	Create artificial ecosystems that are adaptable to climate change; Protect ecosystems in watersheds forests, mangroves and marine ecosystems in global level
	Fight against deforestation, actively plant forests; Restore natural ecosystems that have been devastated by human in global level.


[bookmark: _Toc484617932][bookmark: _Toc493434666][bookmark: _Toc484617933][bookmark: _Toc493434667]2.4. MEASURES OF INTERGRATION CLIMATE CHANGE EDUCAITON IN TEACHING BIOLOGY IN HIGH SCHOOL 
2.4.1. Principles of integrating climate change education in teaching biology in high school
- Principle1: Integrate knowledge of biology and knowledge of climate change into a unified whole.
- Principle2: Does not increase the amount of knowledge in the unit.
- Principle3: Improve the efficiency of learning biology and improve the effectiveness of climate change educationas well.
[bookmark: _Toc479955520]2.4.2. Integration process ofclimate change education in teaching biology in high school biology
[bookmark: _Toc475715004][bookmark: _Toc479955521]2.4.2.1. General process
Step 1: Identify the goal of integrating climate change education in biology themes


Step 2: Define the content of biology, climate and climate change education in biology themes


Step 3: Select appropriate measures to develop knowledge on biology, and   also to form knowledge on climate and climate change in the themes

Step 4: Organize teaching integrating climate change education in themes 


Step 5: Check and evaluate the results of teaching integrating  climate change education in themes

















[bookmark: _Toc475715005][bookmark: _Toc479955522]Figure 2.1. Integration process of climate change education in teaching biology in high school biology
2.4.2.2. Explanation of the process
Step 1: Identify the goal of integrating climate change education in biology themes
Teachers have to analyze the theme, identify the biological content that impacts on which climate component, and then determine the objective of climate change education that can be integrated in the biology theme.
Step 2: Define the goal of integrating climate change education topics of biology 
Teachers have help students to identify the biological content that impacts, climate contents and climate change contents in the themes. It is necessary to clarify which biology activity impacts on climate change, especially on temperature, humidity, sunlight, wind and GHGs. Or which biology activity can be applied to adapt to climate change, to mitigate the negative effects of climate change, minimize GHG.
	Step 3: Select appropriate measures to develop knowledge on biology, and   also to form knowledge on climate and climate change in the theme 
It’s necessary to select appropriate measures to the content, the learners, achieving the learning objectives of the theme. The teaching methods must promote activeness and active learning of students; It is also possible to choose the following measures: teaching by project, using case study, role playing method, experiment activities…. From big scale measures, some small scale measures will be chosen to implement learning activities by themes
Step 4: Organize teaching integrating climate change education in themes
Teachers have to use the selected teaching methods to help students to form biology knowledge, climate change, respond to climate change through biology themes. The knowledge of climate change leads to knowledge of climate change and the response to climate change. Teachers support students to recommend adaptation measures to climate change, measures to mitigate climate change in accordance with the content of the biology; Teachers support students to apply in practice to form behavior, habits to reduce GHG emissions...
Step 5: Check and evaluate the results of teaching integrating  climate change education in themes
[bookmark: _Toc479955523]- Regarding content, it is possible to check biology knowledge and skills; knowledge, skills on climate change and behavior to respond to climate change.
- Regarding measures, teachers design tools to evaluate students' learning outcomes such as questions, exercises, assessments on responses to climate change, behaviors to adapt and mitigate climate change. Teacher evaluates or as students to pair check through discussion.
2.4.3. Illustrative example 
Teaching the content “Metabolism of matter and energy at plants”, Biology textbook grade 11, high school (belonging to the theme Metabolism of matter and energy at organism level)
Step 1: Identify the goal of integrating climate change education biology themes
Teachers help the students to realize the central goal of integrating climate change education of this content: based on the knowledge of water and mineral absorption, transpiration, photosynthesis and respiration of plants, students will identify the causes of climate change impacts on climate factors and find measures to cope with climate change such as:
- Increase or decrease the temperature on the ground; Increase or decrease the moisture in the air; Increase, decrease O2, CO2 ... in the air; It is necessary to create the structure of plant varieties having the adaptation ability to climate change; Measures to increase the area of ​​plants contributing to mitigate climate change.
- From the activity of receiving sun and matter energy such as water, CO2 from the environment to release some gases, heat to the environment that students recognize the positive and negative effects to the climate. Then they will be more conscious to mitigate and adapt to climate change.
[bookmark: _Toc472933645]Step 2: Identify the goal of integrating climate change education in biology themes
* Identify the biology content: Teachers base on content structure in the themes to guide students to realize the following biology content:
- The process of matter acquisition such as water, minerals, CO2 absorption and photovoltaics shows the receiver, receiving mechanism.
- The process of transporting substances from the place of collection to the place of use, including the transportation organ and transportation mechanism.
- The process of metabolism which is the synthesis of organic substances specially for organ and the accumulation of energy, the decomposition of organic matter, the use of energy for living activities, the production of excreta. The organs and mechanism of implementation will be indicated.
- The process of elimination, indicating the substances excreted into the environment.
* Identify the content of climate change education: Based on the characteristics of the metabolism of matter and energy in plants, teachers instruct students to recognize:
- Absorption of sun energy, steam emission, O2 emissions, CO2 emissions cause the climate factor.
- Scientific basis to develop measures to cope with climate change: the structure of plants varieties to cope with climate change, planting trees to green the country contributing to reduce the climate change.
Step 3: Select appropriate measures to develop knowledge on biology, and   form knowledge on climate and climate change
The above analysis show that the volume of biology knowledge and climate change education knowledge in the content is very large, the quality of knowledge is general and theoretical. Hence, it is possible to use extensive measures such as teaching by project.
Teachers guide and work with the students to propose the project as follows: "The metabolism of matter and energy in multi-cellular plants affects local climate and response measures".
After instructing students to plan, teachers ask students to implement the plan, report and make evaluation. This will help students to master biology knowledge, climate change knowledge and response measures.
Step 4: Organize teaching integrating climate change education in themes
Teachers use the selected method to guide their students to learn the biology contents of the course and to learn the climate change content in themes. In particular, students must build climate and factors of climate change knowledge, identify measures to cope with climate change from the factors causing climate change through biology education. Depending on the selected measure, there are different ways of organization. If we use teaching by project, we organize activities for students as following:
* Identify the project, the objectives of the project, organize the project team
- Teachers provide ideas, create situations to develop project, identify project objectives, set operational questionnaires, make agree on time for implementation and report the project implementation results. Divide students into groups, assign tasks to the members.
- Project duration: 14 weeks.
• Define project name:
Teachers suggest and identify the project with students. It is possible to express the project name as mentioned in step 3 as the project: "The metabolism of matter and energy in multi-cellular plants affects local climate and response measures"
• Define project objectives:
As this is a large project, teachers guide students to define the general objectives of the project as follows:
- Identify the stages of metabolism of matter and energy in plants.
- Identify the characteristics of each stage of metabolism of matter and energy in plants.
- Determine the factors affecting the climate and climate change from characteristics of metabolism of matter and energy in plants.
- Propose appropriate measures to cope with climate change from the impact of metabolism of matter and energy to climate.
From the large project, the teacher can instruct students to build small projects and each small project will define the objectives of the small project selected by the students.
* Develop a small project implementation plan:
Student groups develop their own small project implementation plans including: Small project title, objectives of the project, project implementation plan as follows:
	Work content
	Time, place of implementation
	Materials, budget
	Methods of implementation
	Perfomer

	-Present the concept of photosynthesis, the role of photosynthesis in climate.
	1st lesson, in class
	None
	Study textbook, references
	Group secretary

	…….
	…….
	…….
	…….
	…….


* Implement the project
- The teams implement the proposed project.
- Difficulties and problems are exchanged and discussed with teachers for explications in class or by telephone.
- Teachers monitor and supervise project implementation teams; check the progress of groups twice a week through face-to-face or telephone. Teachers instruct, support groups to answer questions, do practice and survey...
- Students self-study, study materials at home according to assigned tasks.
- Teachers always check and promote each group to achieve the target.
* Collect results and report the product
- All teams submit and report project implementation result to teachers, prepare a PowerPoint file presenting of the team performance.
- Teachers organize report activities on project results, 10 minutes/ group.
- Teachers and students from other group ask questions, review the results of the group presenting the report, comment the results of practice to clarify the content and level of mastering knowledge and skills of students.
Step 5. Evaluate the results of learning by themes, projects
- Students self-assess the level of participation and completion of their tasks, evaluate the results of group, may be by pair check other groups, the ability to continue applying the adaptation measures to climate change in school, life and work.
- Teachers review and evaluate the process and learning results of students / student groups, learn from experience for the implementation of the next project.
- Teachers and students summarize the theme and finalize contents of biology climate change education learned by studying by themes. Teachers honor positive student, student group (if any).
[bookmark: _Toc479955525]2.4.5. Teaching measures integrating climate change education 
[bookmark: _Toc479955526]2.4.5.1. Teaching by project
Teaching by project is used to solve a problem of studies. Teaching by project includes the following steps: (1) Define project name, project objectives; (2) Develop a project implementation plan; (3) Implement project; (4) Present project products; (5) Evaluate the project.
As the themes have both theoretical and practical content, practice survey, we prioritize the use of teaching by project to organize studies for students.
* For example: The project "Study metabolism of matter and energy metabolism in microorganisms and their impact on climate" (under the theme metabolism of matter and energy metabolism at Organism, mononuclear cell form), Biology textbook 10.
[bookmark: _Toc479955527]2.4.5.2. Use practical case study
[bookmark: _Toc479955528]- Practical case study of climate change education is the real cases, issues related to biology and climate change in the lesson, the them restructured by teachers in the form of exercises and introduced in the organization of studies for students to achieve the goal of climate change education.
- Steps used the practical case study exercises in climate change education in intergrating education for students:
Step 1: List the practical situations exercises
Step 2: Students handle with practical situations
Step 3: Discuss the results, make conclusions, and correct the knowledge




+ Example: Case study exercises in teaching the content of "metabolism of matter and energy in animals" (Biology textbook grade 11, high school)
Exercise 7. Digestion in ruminants and climate change
Methane (CH4) is a greenhouse gas, produced by microorganisms when microorganisms disintegrate organic matter under anaerobic. Ruminant (buffalo, cow, goat, sheep) contribute to the formation of CH4, then CO2. These gases are excreted outside the animals body through vaginitis. According to Food and Agriculture Organization livestock in all the worlddischargein general 65% of N2O, 37% of CH4 and 64% of NH3 into the atmosphere. When soil is supplied with organic fertilizer, soil microorganisms stimulate the nitrification and denitrification of soil, resulting in N2O. Why is the digestion of ruminant re-emitting GHG? How do digestive organs of animal groups adapt to digestive function? What should we do to improve productivity and quality of livestock and mitigate climate change?
2.4.5.3. Use the role playing method
According to Bernd Meier, Nguyen Van Cuong (2014), role playing is a teaching method with which learners play role in simulated action situations (roles) on a practical, often play - in which life situations, problems or conflicts are expressed.
- Steps to perform the role play method are as follows:
Role playing is a teaching methode that learners show simulated action situations (roles) on a practical theme having the caracteristics of a game. Lifesituations,problems or conflict are expressed
Step 1: Preparation
Step 2: Reception (acquaintance)
Step 3: Interactive (playing step)
Step 4: Evaluation





Through playing role in the game, students will apply biology knowledge to explain the phenomenon of climate change. Since then, the students earn knowledge, experience and change attitudes behaviors to cope with climate change.
Some role playing games used in climate change education intergrating teaching situation include:
- Game “Cour presided by Ngoc Hoang”: Lesson 17 - Resuscitation in animals, Biology textbook grade 11.
- Game “My Story”: Lesson 44 - Bioligenic and Biosphere Cycle, Biology textbook grade 11.
[bookmark: _Toc479955537]2.4.5.4. Experience activities
According to David Kobl (1984), through the transition of experience during the exprience studies, knowledge, skills and competencies for students are formed. The experience studies cycle consists of four successive stages: specific experience, reflective observation, conceptual abstraction, positive experiment.
Based on the contents of the topics related to climate change to organize experience activities, teachers assign students to practice, experiment, investigate and survey the issues related to climate change. Students discuss and write reports on the results and propose new knowledge and skills to solve practical problems related to climate change.
Example: Organizing experience activities for students in teaching tesson 46 - Practice Sustainable Use and Management of Natural Resources, under the Thememetabolism of matter and energy to climate at the Biosphere Level, Biology textbook, grade 11.
[bookmark: _TOC479955538]2.5. CRITERION AND TOOLS TO EVALUATE RESULT OF INTEGRATING CLIMATE CHANGE EDUCATION
2.5.1 Criterion and tools to evaluate result of integrating climate change education
* Criteria to evaluate knowledge in climate change education in teaching biology in high school
- Before and after experiments: use objective tests to verify students' awareness about climate change.
- In practice: use self-reflection questionnaire to evaluate students' awareness of CC in 4 contents with 20 criterion and 40 indicators; Assess at three levels: Level 1 - Incorrect; Level 2 - Correct but not sufficient; Level 3 - Correct and completed. The contents include: Causes of climate change, climate change signal, impacts of climate change, measures to adapt and mitigate climate change.
* Criterion to evaluate attitudes towards climate change in teaching biology in high school
Evaluate attitudes basing on 4 criterion with 40 content at the following levels: totally agree, agree, confused, disagree, totally disagree. Give mark to the above levels to calculate the average score of each content/ criteria.
* Criterion to evaluate the behavior of responding to climate change in teaching biology in high school
Evaluate basing on 15 behaviors responding to climate change of students at 3 levels: often, occasionally, never.
2.5.2. Tools to evaluate result of integrating climate change education
- Questionnaires to evaluate student's knowledge and climate change include: objective quiz questions and self-reflection questions.
- Evaluation forms to check student attitude of responding to climate change is evaluated at the following levels: totally agree, agree, confused, disagree, totally disagree.
- Evaluation forms to check the student behavior of responding to climate change. At the same time, through the content of answering questions also determine the behavioral responses to climate change of students.


[bookmark: _Toc479955543]CHAPTER 3. RESULTS OF EXPERIMENTAL  
[bookmark: _Toc479955544]3.1. OBJECTIVES EXPERIMENT
Organization pedagogic experiment is to assess the effectiveness of mentioned scientific hypothesis.
[bookmark: _Toc479955545]3.2. CONTENT OF EXPERIMENT
Organize pedagogic experiment integrating climate change education in teaching biology through the following contents and themes:
- The metabolism of matter and energy in microorganisms; Growth, development and reproduction in microorganisms; Viral and infectious diseases (Biology textbook grade 10).
- The metabolism of matter and energy in plants and animals (Biology textbook grade 11).
- Transforming material and energy at the population, biome, ecosystem, biosphere level. (Biology textbook grade 12).
- Measure criterion: Results of learning biology knowledge; Awareness about climate change; Students attitude of responding to climate change; Students response to climate change.
[bookmark: _Toc479955546]3.3. METHODES OF EXPERIMENT 
[bookmark: _Toc479955547]3.3.1. Select experimental class and school
Pedagogic experiment is proceeded at 6 high school in Hanoi, Bac Ninh, Nam Dinh, Thanh Hoa province in school year 2013-2014 (1st wave), 2014-2015 (2nd wave). 
Controlled class (CC) and experimental class (EC) are equal in level, perception capacity, number. Each school selects 3 pairs of controlled classes – experimental class in grade 10, 11 and 12. 
[bookmark: _Toc479955548]3.3.2. Expriment implimentation
Controlled class and experimental class arein the same school, same grade, taught by the same teacher, with the same content of basic program, teachers are agreed on purpose, content, methods and other requirements of the experiement process. Experiment implimentation is organized in parallel. 
3.3.3. Expriment design
Use the design of pre-, intra-, and post-test with equivalent groups; evaluated by the same test set, mark with the same scale. Group “experimental class” is affected by measure intergrating climate change education, group “Controlled class” is taught by the instruction of biology teachers.

[bookmark: _Toc479955549]3.3.4. Handle experiment results
- Knowledge of biology and climate change: Use statistic to calculate average value, median, mode, standard deviation, impact level (ES), correlation coefficient (r), independent t-test, t-test in pairs; percentage of achievement levels of climate change knowledge according to indicators in Chapter 2.
- Student attitude of response to climate change: calculating the percentage of attitude expression levels, average scores (GPA) of criterion and indicators on response attitude to climate change. Classify the average scores by following levels: 1-1.80: totally disagree, 1.81-2.60: disagree, 2.61-3.40: confused, 3.41-4.20: agree, 4.21-5: totally agree.
- Response to climate change: Calculate the percentage ofbehavior levels  to adapt to andand mitigate climate change at three levels: regular, occasional, never.
[bookmark: _Toc479955554]3.4.EXPERIMENT RESULT AND ARGUMENTATION 
[bookmark: _Toc479955555]3.4.1. Results of learning biology knowledge
Statistic results on biology test scores are presented in Table 3.3. and 3.4.
Table 3.3. Pedagogic experiment result for first wave
	Test   

Criterion
	Before impact
	During impact
	After impact

	
	Test No 1
	Test No 2
	Test No 3
	Test No 4
	Test No 5

	
	CC1
	EC1
	CC2
	EC2
	CC3
	EC3
	CC4
	EC4
	CC5
	EC5

	

Statistic 
Parameters
	Average
	6.19
	6,20
	6.22
	7.01
	6.29
	7.59
	6.35
	7.75
	6.36
	7.93

	
	Medium
	6
	6
	6
	7
	6
	8
	7
	8
	7
	8

	
	Mode 
	7
	7
	7
	7
	7
	8
	7
	8
	7
	8

	
	standard deviation
	1,84
	1,89
	1,75
	1,79
	1,73
	1,58
	1,65
	1,38
	1,65
	1,36

	
	AEC – ACC
	0.01
	0.79
	0.13
	0.14
	1.57

	
	p value
	0.44
	≈ 0.00001
	≈ 0.00001
	≈ 0.00001
	≈ 0.00001


[bookmark: _Toc493434723]
Table 3.4. Pedagogic experiment result for second wave
	                        Test 

Criterion
	Before impact
	During impact
	After impact

	
	Test No 1
	Test No 2
	Test No 3
	Test No 4
	Test No 5

	
	CC1
	EC1
	CC2
	EC2
	CC3
	EC3
	CC4
	EC4
	CC5
	EC5

	

Statistic 
Parameters
	Average
	6,04
	6,10
	6.09
	7.20
	6,20
	7.75
	6,28
	7.94
	6,30
	8.06

	
	Medium
	6
	6
	6
	8
	6
	8
	7
	8
	6
	8

	
	Mode 
	7
	7
	7
	8
	7
	8
	7
	8
	6
	8

	
	standard deviation
	1,89
	1,91
	1,73
	1,85
	1,71
	1,47
	1,65
	1,30
	1,67
	1,54

	
	AEC – ACC
	0.07
	1.11
	1.56
	1.66
	1.76

	
	p value
	0.24
	≈ 0.00001
	≈ 0.00001
	≈ 0.00001
	≈ 0.00001


The results in Tables 3.3 and 3.4 (main report) show that: The No 1 test average scores in EC group and CC group in both two wave of pedagogic experiment classes is really slighty different, almost the same (0.01 in wave 1 and 0.07 in phase 2). During and after experiment, the average scores for tests 2, 3, 4, 5 in the EC class are always higher than in the CC and tend to increase gradually from the second test to the fifth test. That the p value in the test before experiment is always higher than 0.05 shows that the difference of No1 test average score at EC and CC group in both wave is random. P value in test No2 to test No5 is always lower than 0.05- allowable p value, indicating that average score of EC group is higher than CC group in both waves. The cause is the effects of experiment measure. 
3.4.2. Results of students' awereness of climate change 
3.4.2.1 Results of students' awereness of climate change 
Table 3.8. Compare students' attitude before and after the impact of 1st wave
	Student group

Criterion
	Before impact
	After impact

	
	CC
	CE
	CC
	CE

	
Statistic 
Parameters
	Average
	4.79
	4,76
	4,90
	7,00

	
	Medium
	5
	5
	5
	7

	
	Mode 
	5
	5
	5
	7

	
	standard deviation
	1.88
	1.88
	1.86
	1.81

	
	P value
	0.40
	≈ 0.00001


Table 3.9. Compare students' attitude before and after the impact of 2nd wave
	Student group
Criterion
	Before impact
	After impact

	
	CC
	CE
	CC
	CE

	
Statistic 
Parameters
	Average
	4.96
	5,00
	5,04
	7,02

	
	Medium
	5
	5
	5
	7

	
	Mode 
	5
	5
	5
	8

	
	standard deviation
	1.87
	1.82
	1.84
	1.82

	
	P value
	0.31
	≈ 0.00001



The results of Table 3.8, Table 3.9 and Figure 3.11, 3.12 show that, in both waves of, the line showing distribution of climate change adwerness percentage score after experiement of EC group is always on the right side of the score distribution line of the CC group. The scores of EC groups are distributed symmetrically around the mode values of 7 and 8, while the scores of CC group are distributed around the mode values of 5. After experiment, average scores of CC group are 4.90 5.04 while at EC groups, average scores are 7.00 and 7.02. The number of students scoring under mode = 7 of the EC group is always smaller than that of the CC group. The number of students scoring above 7 of the EC group is always bigger than that of the CC group. The comparison of difference in average scores at EC and CC groups indicates that at both waves, p value before experiment is always  higher than 0.05, and always lower than 0.05 after experiment. This result shows that the test scores of EC group are always higher than that of CC after experiment and that statement is reliable. The data on the students' climate change awereness average scores is shown in the Figure 3.15.

Figure 3.15. Compare average score on climate change before and after impact
3.4.2.2 Students' awareness of climate change according to criterion
The result in table 3.10 show that in both waves of pedagogic experiment, the percentage of EC group having correct and completed awereness really higher than at CC group at all criterion and indicators of climate change awereness content. The majority of students in EC group can identify correct and completed biology causes of climate change, the signals of climate change, the impact of climate change, simultaneously find solutions to climate change from biology knowledge. Students in the EC group have a better perception than CC group. Teaching intergrating climate change education gives good results, helping students to learn biology knowledge and build climate change knowledge as well.
3.4.3. Students' attitude to climate change 
[bookmark: _Toc479955564]The results of Table 3.11, 3.12, 3.13, 3.14 show that before experiement, the students' attitude to climate change of EC and CC group is moderate, the average scores vary from 3.16 to 3.42. After experiment, average scrores of all criterion in CC group stay generally unchanged, fluctuate at average level. Meanwhile, in EC group average scrores of criterion increase significantly, many contents have high average scores. Especially, in some contents, students in EC group show great agreement such as: GHGs increase is the cause of climate change. I am against the activities that increase GHG emissions (AS 4.23 and 4.26), Deforestation, forest fires are the cause of GHG emissions, it is necessary to resolutely prevent this phenomenon (AS 4.26 and 4 , 38) ... Hence, the attitude of students in EC group has changed positively. The majority of students agree with causes, signals and consequences of climate change, adaptation and mitigation activities.
3.4.4. Students' behavior to climate change 
Table 3.15 shows that, in the both waves of pedagogic experiment, in EC group, more than 71% perform regularly, about 25% sometimes perform, and only 3% of them do not. Meanwhile, in the CC group, the proportion of students who regularly carry out climate change adaptation and mitigation activities is about 35%, over 46% of students sometimes perform and over 16% have never done so. Thus, the integration of climate change education in teaching biology in high school has increased the proportion of students who regularly carry out climate change adaptation and mitigation activities.

CONCLUTION AND SUGGESTION 
[bookmark: _Toc479955565]1. CONCLUTION
Through the research process and realisation of study tasks,  we have some scientific conclusions as follows:
1.1. Integration in teaching is an indispensable trend, a modern approach to the science of education that promotes the linkage between the knowledge of various learning sciences in order to form capacity for students; 
	1.2. The current global and regional climate is altered and there are abnormalities due to various factors like the activity of spheres (such as lithosphere, hydrosphere, biosphere, atmosphere, biosphere), volcanic activities, economic development activities of human, especially GHG emissions and destruction of ecosystems ... In terms of biology, metabolic of matter and energy of organsims at different levels of life results in creation of climate change interaction elements, but the fact human devastates and depletes many ecosystems degrades and loses the ability to regulate the climate of organisms.
	1.3. The integration of climate change education in teaching biology in high school needs to be approached in the point of view that living activity of the organisms is the factor regulating and balancing the climate. Organisms adapt to climate to survive and develop; At the same time, through living activities, organisms interact with the environment to create a climate system. Thus, organisms and climate are a unified whole. Therefore, integration of climate change education in teaching biology in high school should be studied and exploited in the direction at living activities of organisms can regulate to stabilize the climate, make environment fresh, if ecosystems are destroyed, depressed, climate changes then leads to many negative effects.
	1.4. The integration of climate change education in teaching biology should be done by themes, respect scientific principles and procedures, including: Step 1: Identify  objectives of climate change education; Step 2: Determine the content of biology, contents of climate knowledge, climate change knowledge included in the biological themes in high school; Step 3: Select suitable measures to develop biological knowledge, and develop climate knowledge, climate change knowledge in themes; Step 4: Organize the teaching of climate change education through themes in high school; Step 5: Evaluate integrated teaching outcomes of climate change education. Namely, the specific teaching measures are: teaching by project, using practical situational exercises, using role playing, experiment activities. 
	1.5. The effectiveness of integration of climate change education in teaching biology measure is confirmed through the results of pedagogic experiment at following evaluation criterion: Results of biology knowledge acquisition, awareness of cause, signal, negative effect, response, especially attitude, behavior responding to climate change. By integrating climate change education in the direction that biology is the factor affecting climate, do not increase the amount of knowledge but make biology knowledge deeper and add the knowledge of climate change education- an urgent, global educational tasks nowaday.
	
[bookmark: _Toc479955566]2. SUGGESTIONS
To introduce the research results into practice, thereby developing more research direction of the study, we would like to recommend the education administration at various levels to:
2.1. Introduce the results of this research into the content of teachers training programe on how to integrate climate change education in teaching biology in high school.
2.2. Implement research results in teaching biology in high school in order to improve and develop this research direction.
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