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Lesson Plans
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UNIT PLAN : WORK, POWER, ENERGY
Lesson Plan 1
Learning Area: Science, Subject: Science
Level: Secondary 2

Lesson Plan: Work and Power, Duration: 2 hours

1. Learning Standards
SC 2.3 Understanding of energy, energy transformation, interrelationship between substances and energy, application of energy in daily life, characteristics of waves, the phenomena of sound, light, and electromagnetic waves, which could be applied for useful purposes

2. [bookmark: _Hlk49723323]Indicators
SC 2.3 M.2/1 Analyze the situation and make a calculation concerning work and power 
caused by the force acting on an object, based on the gathered data, by using the equations 
W = Fs and P = .

3.	Learning Objectives
1 .Be able to explain the meaning of work and power in science. (K)
2. Be able to explain the relation between work and power. (K)
3. Be able to analyze the situation of work and power. (P)
4 .Be able to make a calculation concerning work and power.(P)
5. Be able to apply the knowledge about work and power in daily life. (A)

[bookmark: _Hlk49686600]4.Contents
	Compulsory Details
	Local-related Content

	 -	When a force acts on an object and displaces it in the direction of the force, then work is done on the object. The work done on an object can be calculated from the magnitude of force that acts on the object and displacement in the direction of the force.
	Consider from the institutional
curriculum.





5.	Compulsory Details/ Summary
The work is done on an object when a force acts on an object and displaced it in the direction of the force. The work done on an object can be calculated from the magnitude of force that acts on the object and displacement in the direction of the force. Power is the rate at which work is done or the amount of work done per unit time.

[bookmark: _Hlk49686747]6.	Learners’ Key Competencies
[bookmark: _Hlk49723458]1. Communication Capacity
[bookmark: _Hlk49723464]   2. Thinking Capacity
[bookmark: _Hlk47834505]		1) Observation skill
		2) Calculation skill
		3) Collaboration skill
		4) Knowledge application skill
		5) Association skill		
3. Capacity for Life Skills

[bookmark: _Hlk47834602]7. Desired Characteristics
	1.	Self-discipline		
	2.	Avidity for learning		
[bookmark: _Hlk47834612]	3. Dedication and commitment to work

8.Important Questions
       1. How does work happen in science?
       2. What is the relation between work and power?
[bookmark: _Hlk52534055]       3. Give examples of work and power in daily life.


 (
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 Hour
)

 (
Introduction
)

[bookmark: _Hlk49687380]
Step 1: Engage
 1. The teacher greets students. Assign them to pre-test, Learning Unit 5: Work, Energy, and Power, to find out what students already know.
[bookmark: _Hlk52117795][bookmark: _Hlk52564621] 2. The teacher asks students to stimulate their interest, and share their opinions freely by using engaging questions as follows:
· How does work, power, and energy relate to our daily-life activities?
[bookmark: _Hlk52533618](Suggested Answer: It depends on the teacher’s discretion. For example, there are a lot of activities in everyday life and that got work done. In term of physics, work is done when a force acts on an object and displaces it in the direction of the force. Energy is not visible or touchable but it is perceiveable; such as, heat energy from the sun, electricity that turns light on, or wind energy that drives a boat.)
· What kind of force is affecting object to move? 
(Suggested Answer: Gravitational force, a push, a pull, etc.)
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)
[bookmark: _Hlk49693706]Step 2: Explore
1. The teacher shows students Activities Cards, the images of people doing activities such as an athlete attempts weightlifting, a man pushing a car, and a girl using her computer, then asks them using following engaging question, “What is activity that got work done in physics?”
   (Suggested Answer: According to the activities card, the activities that got work done in term of physics are pushing a car and using computer.) 
2. Pair students with their classmates by their School ID numbers. Assign them to study work to find the definition of work in term of science from Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power, or other sources such as internet and library. 
[bookmark: _Hlk52536699]3. Students in each pair discuss and conclude what they have learned, then record the conclusion in their personal notebooks.

[bookmark: _Hlk49724033]Step 3: Explain
4. Each pair of students comes in front of the class to present the result of studying the given topic. The teacher adds more suggestions as he/she sees fit.
[bookmark: _Hlk52533899]5. The teacher asks students to stimulate their interest, and share their opinions freely by using engaging questions as follows:
· What is the difference between work in general and work in term of science?
(Suggested Answer: In general, work means job or what we do for a living. Nevertheless, in term of science, work is the product of a force and the displacement in the direction of the force. Therefore, work is scalar quantity.)
· How can we calculate the work done?
(Suggested Answer: The magnitude of force multiplies by displacement in the direction of the force.)
6. The teacher adds extra explanation as follows, “Work is done not only horizontally but also vertically. The motion of object in vertical line (upward) is against the force of gravity, so the work done is given by the equation W=mgh.”
7. Students study how to calculate work from examples in Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power. Then, the teacher writes the question and the instructions to calculate work step by step on the board as follows.


8. Students work on Worksheet 5.1.1: Work. After that, the teacher calls on four students randomly to explain how to calculate work in front of the class. The teacher asks the classmates to consider and discuss if the answer is correct before he/she reveals the answer.


 (
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Step 2: Explore
[bookmark: _Hlk52533746]9. The teacher reviews the knowledge from the previous hour, then asks students to discuss and share their opinions, using engaging questions as follows, “How does power relate to work?”
(Suggested Answer: The amount of work done per unit time is called power. It is also scalar quantity.) 
10. The teacher asks students to discuss and share their opinions, using engaging questions as follows, “If two persons got the same amount of work done in different length of time, are abilities to work of these two persons similar?” The teacher does not reveal any answer, but let students study more about power from Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power, or scan QR Code: Power.
11. Students record the conclusion of what they have learned in their personal notebooks.

Step 3: Explain
12. Together, students and the teacher discuss to draw the conclusion as follows, “Power is the amount of work done per unit time. In physics, to do the same about of work with different length of time is called the rate at which work is done or the amount of work done per unit time.”
13. The teacher adds extra explanation about horsepower as follows, “Besides watt (W), horsepower (hp) is also used to measure power. In SI units, 1 horsepower is equal to 746 watts.”
14. Assign students to study examples from Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power, to learn how to calculate power. Then, the teacher writes the question about on the board. Assign students to answer the question accordingly in their personal notebooks. Question: A tower crane lifted an object of 1,500 kg to a height of 10 m in 20s. What was the power delivered to lift the object by the tower crane?
15. The teacher calls on two students randomly to write their answerson the board in front of the class. The teacher asks the classmates to consider and discuss if the answer is correct before he/she reveals the answer.


[bookmark: _Hlk47897682]Step 4: Elaborate
[bookmark: _Hlk52537404]16. The teacher provides an opportunity for students to ask questions about work and power. The teacher adds extra explanations as he/she sees fit.
17. Pair students with their classmates up to their preferences.Assign them to work on Worksheet 5.1.2: Power, and submit it to the teacher before the end of the class.
18. The teacher calls on three students randomly to write their answers on the board in front of the class. The teacher asks the classmates to consider and discuss if the answer is correct before he/she reveals the answer.
[bookmark: _Hlk52570417][bookmark: _Hlk52570424]19. Assign students to do Exercise 1.1 from Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power.

 (
Conclusion
)

[bookmark: _Hlk47897774]Step 5: Evaluate
1.The teacher checks the pre-test, Learning Unit 5: Work, Energy, and Power, to review students’ understanding.
[bookmark: _Hlk52537436]2. The teacher evaluates students by observing their answers to the given questions, their behaviors when they work individually and in group, and their presentations in the front of the class.
[bookmark: _Hlk52570609]3. The teacher checks Worksheet 5.1.1: Work.
[bookmark: _Hlk52537448]      4. The teacher checks Worksheet 5.1.2: Power.
[bookmark: _Hlk52570658][bookmark: _Hlk52537482]      5. The teacher checks Exercise 1.1 from Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power.
[bookmark: _Hlk52537493]      6. Together, students and the teacher conclude the lesson plan about work and power as follows, “The work is done on an object when a force acts on an object and displaced it in the direction of the force. Work is scalar quantity. Its SI unit is joule (J). Power is the amount of work done per unit time or the rate at which work is done per unit time. Power is scalar quantity, its SI unit is watt (W)”


[bookmark: _Hlk47897795]10.  Assessment and Evaluation
	Indicators List
	Method
	Tool
	Criteria

	10.1	Precourse Evaluation
	- Pre-test, Learning Unit 5: Work and Power
	
- Check the Pre-test
	
- Pre-test
	
- Authentic assessment

	10.2 Midcourse Evaluation
   1) Work and Power
	

- Check worksheet5.1.1
- Check worksheet5.1.2
- Check Exercise 1.1
	

- Worksheet5.1.1
- Worksheet5.1.2
- Exercise 1.1
	

- Pass mark: 60%
- Pass mark: 60%
- Pass mark: 60%

	2) Presentation

	- Evaluate the presentation
	- Presentation Evaluation Form
	- Pass mark: Quality level 2

	3) Learners’ behavior when they work in group
	- Observe learners’ behavior when they  work in group
	[bookmark: _Hlk48400130]- Observation Form (for learners’ behavior when they  work in group)
	- Pass mark: Quality level 2

	4) Performance
	- Evaluate the performance
	[bookmark: _Hlk48337160]- Performance Evaluation Form
	- Pass mark: Quality level 2

	5) Desired Characteristics
	- Observe learners’ self-discipline, avidity for learning, and dedication and commitment to work
	[bookmark: _Hlk48400609]- Desired Characteristics Evaluation Form
	- Pass mark: Quality level 2























Lesson Plan 2
Learning Area: Science, Subject: Science
Level: Secondary 2

Lesson Plan: Simple Machines, Duration: 3 hours


3. Learning Standards
SC 2.3 Understanding of energy, energy transformation, interrelationship between substances and energy, application of energy in daily life, characteristics of waves, the phenomena of sound, light, and electromagnetic waves, which could be applied for useful purposes

4. Indicators
SC 2.3 M.2/2  Analyze the working principle of simple machines based on the gathered data.
SC 2.3 M.2/3  Realize the benefits of the knowledge of simple machines by identifying their benefits and applications in daily life.

3.	Learning Objectives
1 .Be able to explain principle of simple machines. (K)
2. Be able to explain the benefits and applications of simple machines in daily life. (P)	
      3.Be able to analyze the working principle of simple machines based on the gathered data. (P)
4. Realize the benefits of the knowledge of simple machines and apply the principle of simple machines in daily life. (A)

4.	Contents
	Compulsory Details
	Local-related Content

	 -	The rate or amount of work done per unit time is called power. The principle of work and power can be used to describe the function of simple machines in daily life: lever, inclined plane, pulley, wedge, screw, wheel and axle.
	Consider from the institutional +curriculum.





5.Compulsory Details/ Summary
The principle of work and power can be used to describe the function of simple machines which are the objects or devices that facilitate work by reducing the effort needed to do work. The principle of simple machines involves an effort (E), and a load or resistance (W). Simple machines are classified into six groups: lever, pulley, inclined plane, screw, wedge, wheel, and axle.	

6.	Learners’ Key Competencies
1. Communication Capacity
    2. Thinking Capacity
		1) Observation skill
		2) Identifying skill
		3) Calculation skill
		4) Collaboration skill
		5) Knowledge application skill		
    3. Capacity for Life Skills

7.Desired Characteristics
	1.	Self-discipline		
	2.	Avidity for learning		
	3. Dedication and commitment to work

8.  Important Questions
       1. How do simple machines help to reduce the effort that is needed to do work?
       2. Give examples of simple machines in daily life.


 (
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st
 Hour
)
 (
Introduction
)

Step 1:Engage
1. The teacher reviews the knowledge from the previous hour about work and power by using engaging questions as folows: 
· Give examples of work and power in daily life.
		(Suggested Answer: It depends on the teacher’s discretion; for example, pushing a car parking in front of the house, or put a book on the bookshelf.) (
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2. The teacher starts conversation with students and ask them to share their opinions freely by using following engaging question,“What kind of simple machine do you know?”
(Suggested Answer: The answers might be lever, or inclined plane, etc.)
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Step 2:Explore
1. Put students into groups of four persons. Assign them to study simple machines and lever from Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power, or other sources such as internet and library.
2. Together, students in each group discuss what they have learned, then record the conclusion in their personal notebooks.

Step 3:Explain
3. Each group of students comes in front of the class to present the result of the study from the given topic. The teacher adds more suggestions as he/she sees fit.
[bookmark: _Hlk52535001]4. Together, students and the teacher discuss the result of the studying to draw the conclusion as follows, “Simple machines are objects or devices that facilitate work to reduce the effort or save labor. Simple machines are grouped into levers, wedge, inclined plane, screw, wheel and axle. There are different principles in each kind of simple machine for different purpose.”
5. The teacher adds extra explanations about lever as follows, “A lever is a beam or rigid object with three components: fulcrum (F), an effort (E), and a load or resistance (W).”
6. The teacher shows students cards of tools and devices such as scissors, hammer, wire cutter, stair climbing cart, bloom, and shovel. After that, assign them to draw images of devices, and label the position a fulcrum, an effort, and a load of each device on the image in their notebooks.
7. The teacher calls on three students to identify the lever class of the device from given images and class as follows. 
· Student 1: First class lever. 
· Student 2: Second class lever. 
· Student 3: Third class lever. 

 (
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)
Step 2:Explore
8. The teacher reviews the knowledge about simple machines, and then asks students to stimulate their interest, and share their opinions freely by using engaging questions as follows:
· What is the common purpose of all simple machines? 
(Suggested Answer: To reduce effort or save labor that is needed to do work)
· How many groups of simple machines are there?
(Suggested Answer: There are six groups of simple machines: lever, pulley, wedge, inclined plane, screw, wheel and axle.) 
[bookmark: _Hlk51534609][bookmark: _Hlk51533015]9. Put students into five groups. Assign each group to study one type of simple machine from Assign students to study work and examples from Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power, or other sources such as internet and library. The representative of each group comes in front of the class to pick up pieces of paper with topics for drawing lots. Below are topics for studying.
· Group 1: Wedge 
· Group 2: Pulley
· Group 3: Inclined plane
· Group 4: Screw
· Group 5: Wheel and axle
10. Students in each group discuss and conclude what they have learned, then record the conclusion in their personal notebooks.

Step 3:Explain
11. Each group of students comes in front of the class to present the result of the experiment. The teacher adds more suggestions as he/she sees fit.
12. The teacher asks students using engaging questions as follows, “What would happen if the width of the wedge is more than the height of the wedge?”
(Suggested Answer: A bigger effort would be needed to drive the wedge into the object.)
13. The teacher shows students the cards of tools and devices: scissors, axe, pulley, doorknob, ladders, and bench vise. Assign them to work on Worksheet 5.2.1: Simple Machines, by filling in the tables for the name, type, and principle of each device. 
14. The teacher calls three groups of students randomly to write the answer on the board in front of the class. The teacher asks the classmates to consider and discuss if the answer is correct before he/she reveals the answer.
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Step 2:Explore
15. Assign students to write the conclusion of simple machines: lever, wedge, pulley, inclined plane, screw, wheel and axle in their personal notebooks. Below are the topics for conclusion. 
· The characteristic of the simple machine
· The purpose of the simple machine
· Examples of devices applying from the principle of simple machines in daily life. 

Step 3:Explain
16. The teacher calls on six students randomly to come in front of the class to present what they have learned about simple machines.
· Student 1: Lever 
· Student 2: Wedge
· Student 3: Pulley
· Student 4: Inclined plane
· Student 5: Screw
· Student 6: Wheel and axle			
17. Together, students and the teacher discuss the study of simple machines to draw the conclusion as follows,
1) A lever is a beam or rigid object that turns about a fixed pivot or fulcrum. It can reduce effort that is needed to do work. The examples of lever are scissors, wheelbarrows, and chopsticks.
2) A wedge is a simple machine with a flat surface and a pointy sharp end. It can be used to separate or hold an object in place. The examples of wedge are axes, knives, and forks.

3) A pulley is a wheel with a groove and a rope. It is used to facilitate work and save labor to move objects. The example of pulley is a pulley found in construction site, using to get water from a well.
4) An inclined plane is a flat surface or a wooden board, used for raise or lower heavy objects. The examples of inclined plane are inclined planes and ladders.
5) A screw is an inclined plane wrapped around a cylinder. It can be used to hold objects together. The examples of screw are bench vises and nuts.
6) A wheel and axle consists of larger wheel attached to a smaller cylindrical axle. It is used to reduce effort in moving object. The examples of wheel and axle are doorknobs and bicycles.

Step 4: Elaborate
18. The teacher provides an opportunity for students to ask questions about simple machines. The teacher adds extra explanations as he/she sees fit.
19. Assign students to do Exercise 5.2 from Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power.

 (
Conclusion
)

Step 5: Evaluate
1. The teacher evaluates students by observing their answers to the given questions, their behaviors when they work individually and in group, and their presentations in the front of the class.
2. The teacher checks Worksheet 5.2.1: Simple Machines.
3. The teacher checks Exercise 5.2 Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power.
      4. Together, students and the teacher conclude the lesson plan about simple machines as follows,  “Simple machines are objects or devices that facilitate work to reduce the effort or save labor. Simple machines are grouped into levers, wedge, inclined plane, screw, wheel and axle.”


 10.  Assessment and Evaluation
	Indicators List
	Method
	Tool
	Criteria

	10.1Midcourse Evaluation
 1) Simple machines
	

- Check worksheet5.1.1
- Check Exercise 5.2
	

- Worksheet5.2.1
- Exercise 5.2
	

- Pass mark: 60%
- Pass mark: 60%


		2) Presentation
	- Evaluate the presentation
	- Presentation Evaluation Form
	- Pass mark: Quality level 2

		3) Learners’ behavior when they work in group
	- Observe learners’ behavior when they  work in group
	- Observation Form (for learners’ behavior when they  work in group)
	- Pass mark: Quality level 2

		4) Performance
	- Evaluate the performance
	- Performance Evaluation Form
	- Pass mark: Quality level 2

	5) Desired Characteristics
	- Observe learners’ self-discipline, avidity for learning, and dedication and commitment to work
	- Desired Characteristics Evaluation Form
	- Pass mark: Quality level 2







Lesson Plan 3
Learning Area: Science, Subject: Science
Level: Secondary 2
Lesson Plan: Energy, Duration: 3 hours

5. Learning Standards
SC 2.3 Understanding of energy, energy transformation, interrelationship between substances and energy, application of energy in daily life, characteristics of waves, the phenomena of sound, light, and electromagnetic waves, which could be applied for useful purposes

6. Indicators
SC 2.3 M.2/4  	Design and conduct an experiment by using an appropriate method to explain the factors affecting the kinetic energy and gravitational potential energy.

3.	Learning Objectives
1 .Be able to explain the meaning of kinetic power and gravitational potential power. (K)
      2. Be able to explain the factors affecting on kinetic power and gravitational potential power. (K)
      3. Be able to compare the difference between energy that is stored in objects with different mass at different heights. (P)
      4.Be able to conduct an experiment by using an appropriate method to explain the factors affecting the kinetic energy and gravitational potential energy.(P)	
       5. Realize the benefits of the knowledge of simple machines and apply the principle of simple machines in daily life. (A)


4.	Contents
	Compulsory Details
	Local-related Content

	 -	The kinetic power is the energy stored in an object due to its motion. It depends on its mass and speed. The gravitational potential energy is the energy stored in an object due to its vertical position or height. The gravitational potential energy of an object depends on its mass and height above the ground. If an object is in the gravitational field, the object stores gravitational potential energy. Kinetic power and potential energy are mechanical energy.	
	Consider from the institutional curriculum.




5.	Compulsory Details/ Summary
There are two types of energy (in this level); kinetic power and potential energy. The kinetic power is the energy stored in an object due to its motion. It depends on its mass and speed. If two objects are moving at the same speed, the heavier one has more kinetic energy. If two objects in motion have the same mass, the one that moves faster has more kinetic energy. The gravitational potential energy is the energy stored in an object due to its vertical position or height. The gravitational potential energy of an object depends on its mass and height above the ground.  If two objects are in the same height, the heavier one has more gravitational potential energy. If two objects have the same mass, the one in higher position has more gravitational potential energy.

6.	Learners’ Key Competencies
	1. Communication Capacity
    2. Thinking Capacity
		1) Observation skill
		2) Identifying skill
		3) Experimental skill
		4) Formulating hypothesis skill
		5) Collaboration skill
		6) Knowledge application skill		
3. Capacity for Life Skills

7. Desired Characteristics
	1.	Self-discipline		
	2.	Avidity for learning		
	3. Dedication and commitment to work

8. Important Questions
       1. What is energy?
       2. How can energy be converted and transferred? 
       3. How many types of mechanical energy are there? What are they?

[bookmark: _Hlk49727514]9. Learning Activity
	5Es Instructional Model


 (
1
st
 Hour
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)

Step 1:Engage
	1. The teacher reviews the knowledge from the previous hour about simple machines by using engaging question as folows:
· Give examples of simple machines in daily life and their principles.
     (Suggested Answer: It depends on the teacher’s discretion.)
2. The teacher shows students the card of waterfalland ask them to share their opinions freely by using following engaging question, “What kind of energy is stored in waterfall to make it fall rapidly and extremely?”
       3. The teacher asks students, “What is the relationship in principles between work and energy?” 
(Suggested Answer: Energy is the ability of an object to do work. It can cause object to change its shape, motion, and state.)  (
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)

Step 2:Explore
1. The teacher shows equipment for demonstration: a rubber ball and a bottle of water. Then the teacher asks for two volunteers to come in front of the class and follow the instructions as mentioned below.
· First student: throw the ball to hit the bottle of water but make sure not to make the bottle moves. 
· Second student: throw the ball to hit the bottle of water to make sure that the bottle falls or bounced off. 
2. The teacher asks students to discuss andshare their opinions freely by using following engaging question, “Why did the bottle falls when the second student threw the ball to hit it?”
(Suggested Answer: The bottle fell down because the energy from the motion of the ball is big enough to bounce the ball off. The energy stored in the motion of the ball is kinetic energy.) 
[bookmark: _Hlk52577825]3. 1.	Pair students with their classmates up to their preferences. Assign them to study meaning and types of energy from Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power, or other sources such as internet.
[bookmark: _Hlk52577856][bookmark: _Hlk52577843]4. Students in each pair discuss and conclude what they have learned, then record the conclusion in their personal notebooks.

Step 3:Explain
[bookmark: _Hlk52577969][bookmark: _Hlk52578325][bookmark: _Hlk52577938]5. The teacher calls on three students randomly to come in front of the class to present the result of their studying. The teacher adds more suggestions as he/she sees fit.
6. Assign students to compare energy stored in objects in different ways. The teacher writes the question on the board and assign students to answer the question accordingly in their personal notebooks. Below are questions.
· Mass of object A and B have the same size. Object A moves faster than Object B. Compare kinetic energy between Object A and Object B.
· Mass of object A is bigger than mass of Object B. Two objects move at the same velocity. Compare kinetic energy between Object A and Object B.
· [bookmark: _Hlk52567956]Mass of object A and B have the same size. The position of Object A is higher than Object B. Compare gravitational potential energy between Object A and Object B. 
· Mass of object A is bigger than mass of Object B. The position of Object A is at the same height with Object B. Compare gravitational potential energy between Object A and Object B.
7. The teacher calls on six students to come in front of the class to give examples of energy in daily life as assigned below. 
· First and second student: Kinetic Energy 
· Third and fourth student: Gravitational Potential Energy 
· Fifth and sixth student: Elastic Potential Energy 

 (
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ชั่วโมงที่ 
2
)

Step 2:Explore
8. The teacher reviews the knowledge about energy from the previous hour,asks students to stimulate their interest, and to share their opinions freelyusing engaging questions as follows.
· How many types of mechanical energy are there?
(Suggested Answer: There are two types of mechanical energy: kinetic energy and potential energy.) 
· What is the factor affecting gravitational potential energy? 
(Suggested Answer: Mass of the object and the height.)
9. Put students into groups of 5-6 people. Assign them to conduct experiment from the textbook: Energy of Falling Objects, to explain the energy associated with falling.
[bookmark: _Hlk52675204]10. Students in each group study the experiment. The teacher integrates collaboration technique to set the learning process by assigning the role in a group for each student as mentioned below.
· [bookmark: _Hlk51533257][bookmark: _Hlk51534499][bookmark: _Hlk52675211]Member 1-2 prepare the equipment for the experiment: Energy of Falling Objects. 
· [bookmark: _Hlk51533329]Member 3-4read and explain the instructions of the experiment to the group members. 
· [bookmark: _Hlk51533348]Member 5-6log what they have found in theRecord of Experiment: Energy of Falling Objects.
[bookmark: _Hlk52675173]11. Students in each group conduct experiment following the instructions, then share, analyze, and discuss the resultsof the experiment.


Step 3:Explain
[bookmark: _Hlk52578454]12. Each group of students comes in front of the class to present the result of the experiment. The teacher adds more suggestions as he/she sees fit.
13. The teacher asks students to discuss and share their opinions, using engaging questions as follows:
· From the experiment, what is the factor affecting the distance traveled by steel balls?
(Suggested Answer: The size of steel balls and their height.)
· From the experiment, what is the factor affecting the depth level steel balls sinking down in the sand? 
(Suggested Answer: The size of steel balls and their height.)
14. Together, students and the teacher discuss the result of the experiment: Energy of Falling Objects, to draw the conclusion as follows, “When the objects have the same size, the object that moves faster has more kinetic energy. If the speed of objects is equal, the objects with bigger mass has more kinetic energy. In addition, when the objects have the same size, the object in higher position has more gravitational potential energy. If objects are at the same height, the objects with bigger mass has more gravitational potential energy.”

[bookmark: _Hlk52578428]Step 4: Elaborate
[bookmark: _Hlk52578475]15.The teacher provides an opportunity for students to ask questions about energy. The teacher adds extra explanations as he/she sees fit.
[bookmark: _Hlk52578520]16. Assign students to explore at least ten objects in everyday life, compare and explain stored energy in those objects in A4 paper with interesting design or decoration.
17. Assign students to doExercise 5.3 from Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power.

 (
Conclusion
)

Step 5: Evaluate
[bookmark: _Hlk52578718][bookmark: _Hlk52578649]1. The teacher evaluates students by observing their answers to the given questions, their behaviors when they work individually and in group, and their presentations in the front of the class.
[bookmark: _Hlk52578627]2. The teacher checksthe result of experiment: Energy of Falling Objects.
[bookmark: _Hlk52578531][bookmark: _Hlk52578579]3. The teacher checksExercise 5.3 from Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power.
[bookmark: _Hlk52578787]4.Together, students and the teacher conclude the lesson plan about energy as follows,  “Energy is not visible but perceiveable. There are two types of mechanical energy and potential energy. Kinetic energy is the energy stored in an object due to its motion. The factors affecting on kinetic energy are mass and speed. Potential energy is the energy stored in an object due to its position. There are two types of potential energy; gravitational potential energy, the factors affecting on gravitational potential energy are mass and position; elastic potential energy, the energy stoed in an elastic object due to it being deformed.”



10.  Assessment and Evaluation
	Indicators List
	Method
	Tool
	Criteria

	10.1Midcourse Evaluation
 1) Energy
	

- CheckExercise 5.3
	

- CheckExercise 5.3
	

- Pass mark: 60%


		2) Presentation
	- Evaluate the presentation
	- Presentation Evaluation Form
	- Pass mark: Quality level 2

		3) Learners’ behavior when they work in group
	- Observe learners’ behavior when they  work in group
	- Observation Form (for learners’ behavior when they  work in group)
	- Pass mark: Quality level 2

		4) Performance
	- Evaluate the performance
	- Performance Evaluation Form
	- Pass mark: Quality level 2

	5) Desired Characteristics
	- Observe learners’ self-discipline, avidity for learning, and dedication and commitment to work
	- Desired Characteristics Evaluation Form
	- Pass mark: Quality level 2















Lesson Plan 4
Learning Area: Science, Subject: Science
Level: Secondary 2
Lesson Plan: Law of Conservation of Energy, Duration: 3 hours


7. Learning Standards
SC 2.3 Understanding of energy, energy transformation, interrelationship between substances and energy, application of energy in daily life, characteristics of waves, the phenomena of sound, light, and electromagnetic waves, which could be applied for useful purposes

8. Indicators
SC 2.3 M.2/5  Interpret the data and explain conversion between the gravitational potential energy and the kinetic energy of an object where the mechanical energy remains constant, based on the gathered data.
SC 2.3 M.2/6  Analyze the situations and explain conversion and transfer of energy, based on the law of conservation of energy.

3.	Learning Objectives
1.Be able to explain conversion between gravitational potential energy and kinetic energy. (K)
         2. Be able to explain conversion and transfer of explain changes and transfer of energy, based on the law of conservation of energy. (K)
         3.Be able to explainthe situations and explain conversion and transfer of energy, based on the law of conservation of energy. (P)
          4.Be avid for learning and collaborate with others creatively. (A)

4.Contents

	Compulsory Details
	Local-related Content

	-	Kinetic power and potential energy are mechanical energy. Potential and kinetic energy can be converted from one form to another completely. Therfore the total of mechanical energy of an object will always be conserved (stay the same).
 - The total amount of energy of a closed system remains the same, but it can change from one form to another. For example, the mechanical energy is converted to electrical energy, kinetic energy is converted into heat, sound, and light because of friction. Chemical energy stored in the form of food is converted to energy in living things.
 -  Energy can be transferred, such as, heat is transferred between matters, vibration energy is transferred from where the sound is produced to the listeners. No matter energy is converted or transferred, the total amount of energy of a closed system remains the same as per the law of conservation of energy.
	Consider from the institutional
curriculum.




Consider from the institutional
curriculum.




5.	Compulsory Details/ Summary
Energy cannot be created or destroyed, but it can be converted or transferred as follows. 
- Gravitational potential energy is converted to kinetic energy, such as highland reservoirs.
- Kinetic energy is converted into heat, such as the function of industrial machines.
- Kinetic energy is converted into electrical energy, such as hydroelectricity.
- Light is converted into chemical energy, such as photosynthesis in green plants.
- Chemical energy is converted into heat and light, such as the burning of fossil fuels.
- Chemical energy is converted into mechanical energy for muscle movement, such as  metabolism in human and animal.

6.	Learners’ Key Competencies
    1. Communication Capacity
    2. Thinking Capacity
	      1) Observation skill
		2) Communication skill
[bookmark: _Hlk51698263]		3) Collaboration skill
		4) Association skill
[bookmark: _Hlk51698274]		5) Knowledge application skill
		6) Information gathering skill	
3. Capacity for Life Skills

[bookmark: OLE_LINK1]7. Desired Characteristics
	1.	Self-discipline		
	2.	Avidity for learning		
	3. Dedication and commitment to work

8. Important Questions
       1. What is the meaning of law of conservation of energy?
       2. Give examples of energy conversion at least two examples.
       3. Give examples of applications of energy in daily life. 



 (
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Introduction
)

Step 1:Engage
[bookmark: _Hlk52671543]      1. The teacher reviews the knowledge from the previous hour about energy by using engaging question as folows, “How many types of mechanical energy are there? What are they?”
          (Suggested Answer: There are two types: kinetic energy and potential energy.)
      2. The teacher asksstudents to discuss and share their opinions freely by using following engaging question, “Can energy be completely disappeared? How?”
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Step 2:Explore
[bookmark: _Hlk52628160]1. Pair students with their classmates up to their preferences. Assign them to study the law of conversation of energy from Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power, or scan QR Code: Law of Conversation of Energy.
[bookmark: _Hlk52628195]	2. Students in each pair discuss and conclude what they have learned, then record the conclusion in their personal notebooks to submit to the teacher before the end of class.

Step 3:Explain
3. Together, students and the teacher discuss the law of conservation of energy to draw the conclusion as follows, “Energy cannot be disappeared or destroyed but it can be converted from one form to another. It is from the law of conservation of energy.”
 4. Students observe image from skier card and consider the conversion of kinetic energy and gravitational potential energy stored in skier. Then, the teacher asks students to stimulate their interest, and to share their opinions freely using engaging questions as follows, “What is the conversion of energy in the image?”
          (Suggested Answer: From the image in skier card, the potential energy is highest at the highest position, and getting lower until it becomes zero when the skier touches the ground. On the other hand, kinetic energy is getting higher until it becomes highest when the skier touches the ground.)


 (
2
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)

Step 2:Explore
5. The teacher reviews the knowledge from the previous hour about the law of conversation of energy. 
6. The teachers asksstudents to discuss and share their opinions freely by using following engaging question,“What is the energy conversion in generating electricity from the dam?” 
          (Suggested Answer: There is conversion from gravitational potential energy to kinetic energy. The gravitational potential energy is stored in water. When the water is released from the dam to rotate water turbines, the potential energy is converted to kinetic energy to generate electricity.) 
7. Assign students to study applications of energy in daily life from Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power, or other sources such as internet, then conclude what they have learnedand record the conclusion in their personal notebooks.

Step 3: Explain
[bookmark: _Hlk52628313]8. The teacher calls on 3-4 students randomly to come in front of the class to present the result of their studying. The teacher adds more suggestions as he/she sees fit.
9. The teacher calls on five students randomly to come in front of the class to give examples of applications of energy in daily life.
· First student: The conversion from gravitational potential energy to kinetic energy 
· Second student: The conversion from light to chemical energy 
· Third student: The conversion from chemical energy to heat 
· Fourth student: The conversion from electricity to heat 
· Fifth student: The conversion from chemical energy to light
10. The teacher adds extra explanation as follows,“Not only conversion, but the energy can also be transferred from one system to another.” 
11. Assign students to study transfer of energy from Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power, or other sources such as internet.
12. The teacher calls on three students randomly to come in front of the class to present the result of their studying. The teacher chooses the topic for each of them following given topics:
· First student: Conduction
· Second student: Convection
· Third student: Radiation
13. During presentation, the teacher adds more suggestions as he/she sees fit.

Step 4: Elaborate
[bookmark: _Hlk52627766]14. The teacher provides an opportunity for students to ask questions about the law of conversation of energy. The teacher adds extra explanations as he/she sees fit.

 (
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Step 2: Explore
[bookmark: _Hlk52669798]15. Put students into groups of sixpeople. The teacher prepares pieces of paper with numbers 1-6 for drawing lots. Students will pick up one piece of paper and they will join the group with other students who got the same number. 
16. Assign them to conduct experiment: Wind-powered Car, and prepare equipment for experiment: Wind-powered Car.

Step 3:Explain
[bookmark: _Hlk52675028]17. Each group of students comes in front of the class to present the result of the experiment. The teacher adds more suggestions as he/she sees fit.
[bookmark: _Hlk52628364]18. Together, students and the teacher discuss the result of the experiment: Wind-powered Car, to draw the conclusion as follows, “Wind energy can convert into kinetic energy to push the car in the opposite direction to the wind that is released from the balloon.”
19. Students in each group study more about solar cell from Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power, or other sources such as internet. After that, the teacher adds extra explanation as follows, “Solar cell is the technology that converts light from the sun into electricity. The example of the device with the technology is calculator.” 

Step 4: Elaborate
20. Assign students to do Thinking Skill Activity from Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power.
21. Assign students to do Fuel-up Testfrom Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power.
[bookmark: _Hlk52624241]22. Students do post-test, Learning Unit 5: Work, Energy, and Power, to assess students’ understanding after class. 
23. Put students into six groups andassign them to apply knowledge about work, energy, and power to design and create work piece accordingly.


 (
Conclusion
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Step 5: Evaluate
[bookmark: _Hlk52624323]1. The teacher checkspost-test, Learning Unit 5: Work, Energy, and Power, to recheck students’ understanding after class.
[bookmark: _Hlk52624398]2. The teacher evaluates students by observing their answers to the given questions, their behaviors when they work individually and in group, and their presentations in the front of the class.
[bookmark: _Hlk52630139][bookmark: _Hlk52624449]3. The teacher checksThinking Skill Activity from Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power.
[bookmark: _Hlk52624699]4. The teacher checksFuel-up Testfrom Mastering Science Work-Textbook Secondary 2B, Learning Unit 5: Work, Energy, and Power.
5. The teacher evaluates the result of experiment: Wind-powered Car.
[bookmark: _Hlk52624716]6. The teacher evaluates work piece:Work, Energy, and Power.
[bookmark: _Hlk52630156] 7. Together, students and the teacher conclude the lesson plan about the law of conservation of energy as follows,  “Power cannot be recreated, disappeared, or destroyed, but it can be converted into different forms. For instance, gravitational potential energy converts into kinetic energy such as water flowing from the mountain.” 

10.  Assessment and Evaluation	

	Indicators List
	Method
	Tool
	Criteria

	10.1Midcourse Evaluation
 1) Law of Conservation of Energy
	

- Check work piece ofInventions of energy
	

- Work piece Evaluation Form
	

- Pass mark: Quality level 2

		2) Presentation
	- Evaluate the presentation
	- Presentation Evaluation Form
	- Pass mark: Quality level 2

		3) Learners’ behavior when they work in group
	- Observe learners’ behavior when they  work in group
	- Observation Form (for learners’ behavior when they  work in group)
	- Pass mark: Quality level 2

		4) Performance
	- Evaluate the performance
	- Performance Evaluation Form
	- Pass mark: Quality level 2

	5) Desired Characteristics
	- Observe learners’ self-discipline, avidity for learning, and dedication and commitment to work
	- Desired Characteristics Evaluation Form
	- Pass mark: Quality level 2

	10.2Postcourse Evaluation
	1)	Post-test
		Learning Unit5:
		Work, Energy, and Power		
	
- Check Post-test
	
- Post-test
	
Pass mark: 60%































UNIT PLAN: EARTH AND ITS CHANGES
Lesson Plan 5
Learning Area: Science, Subject: Science
Level: Secondary 2
Lesson Plan: Structure of Earth, Duration: 2 hours



9. Learning Standards
SC 3.2 	Understanding of components and interrelationship of Earth systems, changes under the subsurface of Earth, changes on the surface of Earth, natural disasters, weather and climate change including effect on living organisms, and environment

10. Indicators
SC 3.2 M.2/4  	Build a model depicting the interior structures of the Earth, classified by 
its chemical compositions., based on the gathered data.

3.	Learning Objectives
1.Be able to explain structure of Earth. (K)
[bookmark: _Hlk52705679][bookmark: _Hlk52706286]2. Be able to create a model of Earth’s structure, following its chemical compositions.(P)
      3. Be avid for learning and collaborate with others creatively. (A)

4.Contents

	Compulsory Details
	Local-related Content

	· The layers of Earth can be divided into three types, following their chemical compositions; the crust is the outermost layer of Earth, composed mainly of silicate and aluminum minerals; the mantle is the layer below the crust, composed mainly of silicate, magnesium, and iron; the core is the innermost layer of Earth, composed mainly of iron and nickel. The layers of Earth are different in structures and compositions.
	Consider from the institutional
curriculum.





5.	Compulsory Details/ Summary
The layers of the Earth can be divided into three types, following their chemical compositions; the crust, composed of silicate and aluminum minerals; the mantle, composed of silicate, magnesium, and iron; the core, composed of iron and nickel.

6.	Learners’ Key Competencies
    1. Communication Capacity
    2. Thinking Capacity
		1) Observation skill
		2) Experimental skill
		3) Classifying skill
		4) Collaboration skill
		5) Knowledge application skill	
   3. Capacity for Life Skills

77. Desired Characteristics
	1.	Self-discipline		
	2.	Avidity for learning		
	3. Dedication and commitment to work

8. Important Questions
1. What is the structure of Earth? What are their characteristics?
       2. What does interior structure of Earth consist of?


 (
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Introduction
)

Step 1:Engage
      1. The teacher greets students. Assign them to do pre-test, Learning Unit Unit 6: Earth and Its Change, to find out what students already know.
      2. The teacher asks students using engaging questions as follows. “What is the importance of changes on the surface of Earth?”
          (Suggested Answer: Changes on the surface of Earth cause different geographical features such as mountains, rivers, and the seas.) 
 3. The teacher asks students using engaging questions as follows. “What are the incidents implying changes on the surface of Earth?” 
(Suggested Answer: Earthquakes, volcanic eruptions, and tsunami.)
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)
Step 2 :Explore
[bookmark: _Hlk52756406][bookmark: _Hlk52568497][bookmark: _Hlk52568541]      1. The teacher shows students a chicken egg. asks students to stimulate their interest, and to share their opinions freely using engaging questions as follows.
· What does chicken egg consist of?
[bookmark: _Hlk52706697]		  (Suggested Answer: Egg shell, white egg, and egg yolk.)
· If we compare the world to the chicken egg, which part of the chicken egg are we living in? 
		  (Suggested Answer: Egg shell)
· Can we compare the egg shell, the white egg, and the egg yolk to structure of Earth? How?
(Suggested Answer: The egg shell can be compared with the crust, the white egg can be compared with the mantle, and the egg yolk can be compared with the core.) 
[bookmark: _Hlk52754546][bookmark: _Hlk52744543][bookmark: _Hlk52754580][bookmark: _Hlk52719850]2. Put students into groupsof 3-4 people up to students’ preferences.Assign them to study information about structure of Earth from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change, or other sources such as internet. 
[bookmark: _Hlk52754499][bookmark: _Hlk52744576]3. Together, students in each group discuss what they have learned, then record the conclusion in their personal notebooks.

Step 3:Explain
[bookmark: _Hlk52761095]4. The teacher calls four groups of students randomly to come in front of the class to present the result of their studying, following the given topics as mentioned below.
· Structure of Earth based on chemical compositions
· Structure of Earth based on physical characteristics
5. During presentation, the teacher adds more suggestions as he/she sees fit.
6. Together, students and the teacher discuss the structure of Earth to draw the conclusion as follows, “Based on chemical compositions, Earth’s interior can be divided into three layers: the crust, the mantle, and the core. Based on physical characteristics, Earth can be divided into five layers:lithosphere, asthenosphere, mesosphere, outer core, and inner core.”
[bookmark: _Hlk52740939]7. The teacher asks students to stimulate their interest, and share their opinions freely by using engaging questions as follows:
· What are the major compositions of the crust?
(Suggested Answer: Silicate (Si)and aluminum (Al).)
· Which layer of the Earth’s structure consists of iron and nickel mainly? 
(Suggested Answer: The outer core and the inner core.) 
· How is magma called when it is released to the crust of Earth? 
(Suggested Answer: Lava)
 (
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Step 2:Explore
[bookmark: _Hlk52719778][bookmark: _Hlk52744634]8.Put students into groups of six people, or up to students’ preferencesto conduct experiment: Modeling Earth’s Structure. 
9. Assign students in each group to study the instructions of experiment: Modeling Earth’s Structure, from Mastering Science Work-Textbook Secondary 2B, Unit 6: Earth and Its Change, to search for information and create a model of Earth’s structure and describe the shape and structure of Earth.The teacher integrates collaboration technique to set the learning process by assigning the role in a group for each student as mentioned below.
· [bookmark: _Hlk52027093][bookmark: _Hlk52716779][bookmark: _Hlk52027121]Member1-2prepare the equipment for experiment: Modeling Earth’s Structure. 
· [bookmark: _Hlk52027144]Member 3-4read and explain the instructions of the experiment to the group members. 
· [bookmark: _Hlk52027156]Member 5-6log what they have found in theRecord of Experiment: Modeling Earth’s Structure. 
[bookmark: _Hlk52744798]10. Each group of students conduct experiment following the instructions from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change.
11. Together, students in each group share, analyze and discuss the result of the experiment. 

Step 3:Explain
12. Each group of students comes in front of the class to present the result of the experiment. The teacher adds more suggestions as he/she sees fit.
[bookmark: _Hlk52744842]13. The teacher asks students to discuss and share their opinions, using engaging questions as follows:
· Based on chemical compositions, how many layers of Earth are there?
(Suggested Answer: There are three layers: the crust, the mantle, and the core.)	
· What is the difference or similarity between chemical compositions in each layer of Earth? 
(Suggested Answer: Each layer of Earth has different chemical compositions. The crust consists of silicate and aluminum. The mantle consists of silicate, magnesium, and iron. The core consists of iron and nickel.) 
· Evaluate model of Earth’s structure from other groups. 
(Suggested Answer: It depends on the teacher and students’ discretion.) 
[bookmark: _Hlk52745684]14. Together, students and the teacher discuss the result of the experiment:Modeling Earth’s Structure, to draw the conclusion as follows,“Based on chemical compositions, Earth can be divided into three layers: the crust, the mantle, and the core. The crust consists of silicate and aluminum. The mantle consists of silicate, magnesium, and iron. The core consists of iron and nickel.”

Step 4: Elaborate
15. The teacher provides an opportunity for students to ask questions about the structure of Earth. The teacher adds extra explanations as he/she sees fit.
16. Put students into four groups up to their preferences.  Assign them to create a model of Earth’s structure based on chemical compositions.  

 (
Conclusion
)

Step 5: Evaluate	
1. The teacher checks pre-test of Learning Unit 6: Earth and Its Change, to recheck students’ understandings.
2. The teacher evaluates students by observing their answers to the given questions, their behaviors when they work individually and in group, and their presentations in front of the class.
3. The teacher checksthe result of experiment: Modeling Earth’s Structure, in student’s notebooks or in Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change. 
4. The teacher evaluates work piece, model of Earth’s structure based on chemical compositions.  
5. Together, students and the teacher conclude the lesson plan about the structure of Earth as follows, “Based on chemical compositions, Earth can be divided into three layers: the crust, the mantle, and the core. Besides,based on physical compositions by observing seismic waves, the Earth can be divided into five layers:lithosphere, asthenosphere, mesosphere, outer core, and inner core.”

10.  Assessment and Evaluation	

	Indicators List
	Method
	Tool
	Criteria

	10.1	Precourse Evaluation
	- Pre-test, Learning Unit 6: Earth and Its Change
	
- Check the Pre-test
	
- Pre-test
	
- Authentic assessment

	10.2 Midcourse Evaluation
 1) Structure of Earth
	

- Evaluate work piece: model of Earth’s structure
	

- Work piece Evaluation Form
	

- Pass mark: Quality level 2

		2) Presentation
	- Evaluate the presentation
	- Presentation Evaluation Form
	- Pass mark: Quality level 2

		3) Learners’ behavior when they work in group
	- Observe learners’ behavior when they  work in group
	- Observation Form (for learners’ behavior when they  work in group)
	- Pass mark: Quality level 2

		4) Performance
	- Evaluate the performance
	- Performance Evaluation Form
	- Pass mark: Quality level 2

	5) Desired Characteristics
	- Observe learners’ self-discipline, avidity for learning, and dedication and commitment to work
	- Desired Characteristics Evaluation Form
	- Pass mark: Quality level 2









Lesson Plan 6
Learning Area: Science, Subject: Science
Level: Secondary 2
Lesson Plan: Changes on the Surface of Earth, Duration: 5 hours


11. Learning Standards
SC 3.2 	Understanding of components and interrelationship of Earth systems, changes under the subsurface of Earth, changes on the surface of Earth, natural disasters, weather and climate change including effect on living organisms, and environment

12. Indicators
SC 3.2 M.2/5   	Explain the weathering, erosion, and sedimentation from the models and give examples of the effects of such processes on changes in the Earth’s surface.


3.	Learning Objectives
1.Be able to explain the process of weathering, erosion, and deposition. (K)
2. Be able to give example of weathering, erosion, and deposition.(K)
3. Be able to conduct experiment: Modeling Weathering of Rocks.(P)
4. Be able to conduct experiment: Modeling Landform Changes due to Water. (P)
5.Be able to apply the knowledge of changes on the surface of Earth in daily life. (A)

4.Contents

	Compulsory Details
	Local-related Content

	- Weathering, erosion, and deposition are geoligical processes that act together to change Earth's surfaces. The agents of these changes are water, wind, glacier, gravity, living organisms, climate, and chemical reaction.
 - Weathering is the gradual break down of rocks by wind, air, rain, living organisms, and changing temperatures.
 -Erosion is the removal and transportation of weathered materials from one place to another by natural agents. Those natural agents include wind, water, and glacier. Other factors that effect erosion include climate, chemical erosion, scraping, and weathered materials transportation. It does not include the plate movement such as earthquakes and volcanic eruptions.
 - Deposition is the geological process in which sediments are added to landforms, transported by water, wind, or glacier.
	Consider from the institutional
curriculum.






Consider from the institutional
curriculum.




5. Compulsory Details/ Summary
Changes on the surface of Earth are weathering, erosion, and deposition. They are geological processes that act together to change Earth's surfaces. The agents of these changes are water, wind, glacier, gravity, living things, climate, and chemical reaction.

6.	Learners’ Key Competencies
    1. Communication Capacity
    2. Thinking Capacity
		1) Measurement skill
[bookmark: _Hlk51870265]		2) Observation skill
[bookmark: _Hlk51870271]		3) Experimental skill
		4) Formulating hypothesis skill
[bookmark: _Hlk51870350]		5) Collaboration skill
		6) Knowledge application skill	
3. Capacity for Life Skills


7. Desired Characteristics
	1.	Self-discipline		
	2.	Avidity for learning		
	3. Dedication and commitment to work

8. Important Questions
       1. What are the factors affecting on changes on the surface of Earth?
       2. Give examples of incident that causes changes on geographical features.
       3. What is the difference between the weathering and the erosion?

 (
1
st
 Hour
)
 (
Introdu
ction
)

Step 1:Engage
      1. The teacher reviews the knowledge from the previous hour about structure of Earth, using engaging questions as follows.
· What does interior structure of Earth consist of?
(Suggested Answer: Earth’s interior can be divided into three layers: the crust, the mantle, and the core.)
2. The teacher shows students cards of natural places, which are images of a waterfall, the sea, a mountain, and a cave. Then the teacher starts conversation, “Places on Earth have different physical feutures.  Some places are rivers. Some places are mountains, strange forms of rocks, or islands.”
 (
Physical Change
(‘
ฟิ
ซิ
คัล เ
ช
น
จ
)             
การเปลี่ยนแปลงทางกายภาพ
Vaporisation
          (
‘
เว
เพอไรเซชัน
)            
การกลายเป็นไอ
Condensation            (
คอนเด็น 
‘
เซชัน
)           
การควบแน่น
) (
Physical Change
(‘
ฟิ
ซิ
คัล เ
ช
น
จ
)             
การเปลี่ยนแปลงทางกายภาพ
Vaporisation
          (
‘
เว
เพอไรเซชัน
)            
การกลายเป็นไอ
Condensation            (
คอนเด็น 
‘
เซชัน
)           
การควบแน่น
) (
Physical Change
(‘
ฟิ
ซิ
คัล เ
ช
น
จ
)             
การเปลี่ยนแปลงทางกายภาพ
Vaporisation
          (
‘
เว
เพอไรเซชัน
)            
การกลายเป็นไอ
Condensation            (
คอนเด็น 
‘
เซชัน
)           
การควบแน่น
)3. The teacher asks students to stimulate their interest, and share their opinions freely by using following engaging question, “Why are geographical features on the surface of Earth different?”
 (
Teaching
)

Step 2:Explore
[bookmark: _Hlk52741285][bookmark: _Hlk52741619]1. Pair students with their classmatesby their School ID, such as No.1 pairing with No.2. Assign them to studyinformation about geographical features on Earth from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change, or other sources such as internetand library.
2. Students in each pair discuss and conclude what they have learned, then record the conclusion in their personal notebooks.

Step 3:Explain
[bookmark: _Hlk52741599]3. Each pair of students comes in front of the class to present the result of the study. The teacher adds more suggestions as he/she sees fit.
[bookmark: _Hlk52741650]4. The teacher asks students to stimulate their interest, and share their opinions freely by using engaging questions as follows:“What is the reason that causes different geographical features on the surface of Earth?”
(Suggested Answer: The reason that causes different geographical features on the surface of Earth is the natural processes: weathering, erosion, transportation, and deposition. It affects geographical features to be the sea, islands, or mountains.)
5. The teacher adds extra explanations as follows, “Changes on the surface of Earth can be grouped into two types: sudden and slow natural processes.”  

 (
2
nd
 Hour
)
Step 2:Explore
6. The teacher reviews the knowledge from the previous hour and starts conversation as follows, “The reason that causes different geographical features on the surface of Earth is the natural processes. The weathering is one of them.” 
7. Assign students to study weathering and its factors from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change, or other sources such as internet and library.
[bookmark: _Hlk52743237]8. Students record the conclusion of what they have learned in their personal notebooks

Step 3: Explain
9. The teacher calls on four students randomly to present the result of their studying in front of the class. The teacher adds more suggestions or explanation as he/she sees fit.
10. The teacher stimulates students’ interest, and asks them to share their opinions freely to the following questions: 
· What is weathering?
(Suggested Answer: Weathering is the gradual break down of rocks into smaller pieces. It is caused by water, living organisms, and changing temperatures.) 
· How many types of weathering are there? What are they?
(Suggested Answer: There are two types: mechanical weathering and chemical weathering.) 
· What are the factors affecting weathering of rocks? Give examples accordingly.
(Suggested Answer: Changing temperatures causes rock to expand and contract. The continues expansion and contraction causes the surface of rocks to break. Water can enter into cracks on rocks. When the water freezes into ice, it will expand and forces the cracks to widen. Additionally, living organisms can cause the breakdown of rocks. For example, tree roots can grow into cracks of rocks and cause it to break, or animals can use their horns to rub or scrape rocks.)
· What are the factors affecting chemical weathering of rocks? Give examples accordingly.
(Suggested Answer: Water can cause formation of rust on rocks because oxygen in water reacts with iron in rock such as granite or basalt rock. The rust causes chemical weathering. Besides, acid rain (the rainfall mixed with carbon dioxide from burning fuels) can react with calcium carbonate found in limestone. The reaction breaks down the rock into holes.)
· What is karst landscape and how is a karst formed?
(Suggested Answer: Karst is a topography of barren, rocky, and cracked features. Mostly, karst made up of limestone that dissolves in water from acid rain. By the dissolving action of water on carbonate rock, there will be caves, underground caves, and becomes sinkholes later.)

 (
3
rd
 Hour
)
Step 2: Explore
[bookmark: _Hlk52737110]11. Put students into groups of six people by asking them to count only one number from number 1-6. Students who count the same number will be in the same group. Then, assign them to conduct experiment: Modeling Weathering of Rocks, from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change, to model and explain the process of weathering of rocks by water. 
12. Assign students in each group to study the instructions of experiment: Modeling Weathering of Rocks, from Mastering Science Work-Textbook Secondary 2B, Unit 6: Earth and Its Change. The teacher integrates collaboration technique to set the learning process by assigning the role in a group for each student as mentioned below.
· Member 1-2 prepare the equipment for experiment: Modeling Weathering of Rocks. 
· Member 3-4read and explain the instructions of the experiment to the group members. 
· Member 5-6log what they have found in the Record of Experiment: Modeling Weathering of Rocks. 



[bookmark: _Hlk52742314]13. Each group of students conducts experiment following the instructions from Mastering Science Work-Textbook Secondary 2B, LearningUnit 6: Earth and Its Change.
[bookmark: _Hlk52027264]14. Together, students in each group share, analyze, and discuss the results from the experiment.

Step 3: Explain
15. Each group of students comes in front of the class to present the result of the experiment. The teacher adds more suggestions as he/she sees fit.
[bookmark: _Hlk52742323]16. The teacher asks students to discuss and share their opinions, using engaging questions as follows:
· How does water cause weathering of rocks?
(Suggested Answer: Water can enter into cracks on rocks. When the temperature is lower, the water will freeze into ice, it will expand and forces the cracks to widen. When the temperature is higher, the water will enter more into cracks on rocks. The cycle will be repeated until the rock breaks down. In addition, water or the rainfall mixed with carbon dioxide from burning fuels can react with calcium carbonate found in limestone. The reaction breaks down the rock into holes.)
· What are the factors affecting mechanical weathering?
(Suggested Answer: Changing temperature, water, and living organisms.) 
· How does water cause chemical weathering?
          (Suggested Answer: Water can cause formation of rust on rocks because oxygen in water reacts with iron in rocks. The rust causes chemical weathering.)
· What are the factors affecting chemical weathering?
(Suggested Answer: Acid rain.)
· Can water cause rust formation on all kinds of rock?
	(Suggested Answer: No, it cannot. Rust formation occurs only in the rocks containing iron component.) 
[bookmark: _Hlk52737243]17. Together, students and the teacher discuss the result of the experiment:Modeling Weathering of Rocks, to draw the conclusion as follows,“There are two factors affecting weathering of rocks: mechanical factors and chemical factors. Mechanical factors are water, changing temperature, and living organisms such as tree (the growth of tree roots), or scraping and rubbing by animals’ horns. Chemical factor isthe chemical reaction between acid rain and limestone that causes chemical weathering.”

 (
4
th
 Hour
)


Step 2:Explore
18. The teacher reviews the knowledge from the previous hour about mechanical weathering and chemical weathering.
19. The teacher states that,“Besides weathering, there are also other kinds of changes on the surface of Earth: erosion and deposition.” 
     20. Put students into groups of three peopleup to their preferences. Assign them to study erosion and deposition from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change,or other resources such as internet and library.
     21. Together, students in each pair discuss what they have learned, then record the conclusion in their personal notebooks.

Step 3:Explain
22. The teacher calls on four students randomly to come in front of the class to present the result of their studying. The teacher adds more suggestions as he/she sees fit.
     23. The teacher calls on four students randomly to come in front of the class to present the result of their studying, following the given topics as mentioned below.
· Erosion
· Deposition
     24. The teacher asks students to stimulate their interest using following engaging questions,“What is the difference between weathering and erosion?” 
(Suggested Answer: Erosion is the process that weathered materials are removed or transported from one place to another by streams. The weathering is the process that weathered materials stays where they are.) 
     25. The teacher calls on two students randomly to give at least two examples of erosion from their experiences. 
(Suggested Answer: It depends on students’ answers. For example, there is erosion in the banks of the rivers. Water in the rivers washes away soils and sediments. Moving glacier causes erosion when the huge mass of ice moves from higher position to lower position. This water and glacier will wash away soil and rocs as they flow.)
     26. The teacher adds extra explanation about stalagmite and stalactite as follows, “Stalagmite and stalactite occurs by erosion process. When there is rainwater goes through cracks in a limestone cave, it will dissolve the cave and form new rocks from the ceiling of a cave. When there is rainwater dropped on the floor, it forms new rocks from the floor. Acid rain (H2CO3) is a water mixed with carbon dioxide. Limestone is CaCO3. The reaction between acid rain and limestone results in solution Ca(HCO3). After evaporation, there will be only limestone (CaCO3) left.

 (
5
th
 Hour
)
Step 2:Explore
27. Assign groups of students to study the instructions of the experiment: Modeling Landform Changes due to Water, from Mastering Science Work-Textbook Secondary 2B, Unit 6: Earth and Its Change. The teacher integrates collaboration technique to set the learning process by assigning the role in a group for each student as mentioned below.
· Member1-2prepare the equipment for experiment: Modeling Landform Changes due to Water. 
· Member 3-4read and explain the instructions of the experiment to the group members. 
· Member 5-6log what they have found in theRecord of Experiment: Modeling Landform Changes due to Water. 
28. Each group of students conducts experiment following the instructions from Mastering Science Work-Textbook Secondary 2B, Unit 6: Earth and Its Change.
    29. Together, students in each group share, analyze, and discuss the results from the experiment.

Step 3:Explain
  30. Each group of students comes in front of the class to present the result of the experiment. The teacher adds more suggestions as he/she sees fit.
     31. The teacher asks students to discuss and share their opinions, using engaging questions as follows:
· Arrange the size of washed away sediments.
(Suggested Answer: Fine sand was washed away further.) 
· What is the size of sediment at the top deposition?
(Suggested Answer: Bigger sand.)
· What is the size of sediment at the bottom deposition?
(Suggested Answer: Find sand.)
· the landform changes due to water from the model.
(Suggested Answer: The first process of landform changes is erosion, then transportation, and deposition respectively.) 
     32. Together, students and the teacher discuss the result of the experiment to draw the conclusion as follows, “According to the experiment, rainfall is one cause of erosion that shapes landforms. The size of sediments is various. Small sediments will be washed away further than bigger sediments and deposited in another place. The deposition of sediment will be formed into fan-shaped deltas or other kinds of river deltas.”

Step 4: Elaborate
[bookmark: _Hlk52737570]     33. The teacher provides an opportunity for students to ask questions about changes on the surface of Earth. The teacher adds extra explanations as he/she sees fit.
[bookmark: _Hlk52737596][bookmark: _Hlk52737603]34. Assign students to do Exercise 1.1from Mastering Science Work-Textbook Secondary 2B, Unit 6: Earth and Its Change.
[bookmark: _Hlk52741557]     35. The teacher calls on five students randomly to come in front of the class to write the answer of the exercise on the board. The teacher asks the classmates to consider and discuss if the answersare correct before he/she reveals the answer.


 (
Conclusion
)

Step 5: Evaluate
[bookmark: _Hlk52737614]      1.The teacher evaluates students by observing their answers to the given questions, their behaviors when they work individually and in group, and their presentations in front of the class.
[bookmark: _Hlk52737629]2. The teacher evaluates the result of experiment: Modeling Weathering of Rocks.
3. The teacher evaluates the result of experiment:Modeling Landform Changes due to Water.
[bookmark: _Hlk52737671][bookmark: _Hlk52737678]4. The teacher checks Exercise 1.1fromMastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change.
[bookmark: _Hlk52737687] 5. Together, students and the teacher conclude the lesson plan about changes on the surface of Earth as follows, “Changes on the surface of Earth are the weathering, the erosion, and the deposition. These natural processes cause change in geographical features into different forms. The factors that affect these changes are water, wind, glaciers, gravity, living organisms, climate, and chemical reaction.” 

10.  Assessment and Evaluation
	Indicators List
	Method
	Tool
	Criteria

	10.1Midcourse Evaluation
1) Changes on the Surface of Earth
	

- CheckExercise 1.1
	

- Exercise 1.1
	

- Pass mark: 60%


		2) Presentation
	- Evaluate the presentation
	- Presentation Evaluation Form
	- Pass mark: Quality level 2

		3) Learners’ behavior when they work in group
	- Observe learners’ behavior when they  work in group
	- Observation Form (for learners’ behavior when they  work in group)
	- Pass mark: Quality level 2

		4) Performance
	- Evaluate the performance
	- Performance Evaluation Form
	- Pass mark: Quality level 2

	5) Desired Characteristics
	- Observe learners’ self-discipline, avidity for learning, and dedication and commitment to work
	- Desired Characteristics Evaluation Form
	- Pass mark: Quality level 2
















Lesson Plan 7
Learning Area: Science, Subject: Science
Level: Secondary 2
Lesson Plan: Soil Formation, Duration: 2 hours


13. Learning Standards
SC 3.2	Understanding of components and interrelationship of Earth systems, changes under the subsurface of Earth, changes on the surface of Earth, natural disasters, weather and climate change including effect on living organisms, and environment
14. Indicators
SC 3.2 M.2/6   Explain the features of the soil horizons and the soil formation process from a model, and identify the factors contributing to different soil features and properties.

3.	Learning Objectives
1.Be able to explain soil formation. (K)
2. Be able to identify the factors affecting characteristics and properties of the soils. (P)
         3. Realize the utilization of soil. (A)
          4.Be avid for learningand dedicated to work. (A)

4.	Contents
	Compulsory Details
	Local-related Content

	· Soil is formed from a mixture of weathering of rocks and mineral mix with decaying plants and animals. Soil is made up of layers, called soil horizons. Soil horizons differ in physical properties, chemical properties, and others such as color, structure, texture, stability, soil pH, which can be explored in the field. We use capital letter to specify each horizon in a soil profile as O, A, E, B, C, and R.
· A soil profile is the vertical arrangement of soil horizons from the top to the bottom.
· Soils in different areas have different characteristics and properties based on the following factors: parent materials, climate, organism in the soil, topography, and time.
	Consider from the institutional curriculum.










Consider from the institutional curriculum.




5.	Compulsory Details/ Summary
Soil is formed from a mixture of weathering of rocks and mineral mix with decaying plants and animals. The process of soil formation is as follows: weathering, decomposition, and soil composition. Soils in different areas have different characteristics and properties based on the following factors: parent materials, climate, organism in the soil, topography, and time.

6.	Learners’ Key Competencies
    1. Communication Capacity
    2. Thinking Capacity
		1) Identifying skill
		2) Observation skill
		3) Comparing skill
		4) Collaboration skill
		5) Information gathering skill
[bookmark: _Hlk51870340]		6) Knowledge application skill
		7) Classifying skill
    3. Capacity for Life Skills	

7. Desired Characteristics
	1.	Self-discipline		
	2.	Avidity for learning		
	3. Dedication and commitment to work

8. Important Questions
       1. What is soil?
       2. How many soil horizons are there in the soil profile? What are they?
       3. What is the process of soil formation?

9. Learning Activity
	5Es Instructional Model
 (
1
st
 Hour
)
 (
Introduction
)

Step 1:Engage
1. Assign students to bring one sample of soil per person from different areas. Ask them to observe and study physical characteristics of the soils.
2. Assign students to compare characteristics and color of their own soils to their friends’ soils, and record the comparison in their personal notebooks.
3. The teacher asks students to stimulate their interest, and share their opinions freely by using engaging questions as follows:
· What are the color of soils in general?
          (Suggested Answer: It depends on the samples of soils.)
· What are the characteristics of soil samples?
(Suggested Answer: It depends on the samples of soils. However, soils in general should have fine-grained texture, softness, and some tree roots.) 
· What kind of soil do you know?
(Suggested Answer: It depends on the students’ answers such as, clay soil, loam soil, and sandy soil.) 
[bookmark: _Hlk49727567][bookmark: _Hlk49374116][bookmark: _Hlk49994286]4. The teacher uses following engaging question to guide students to the lesson,“What is utilization of soil?” 
(Suggested Answer: Soil is the source of four key factors of life: food, clothes, shelters, and medicines. Soil is also a source of plant nutrients, plant roots, a store for water and air for plants, a place for construction, buildings, houses, industrial factories, facilities, a material for container such as earthenware, a natural resource which is related to other natural resources such as forest, mineral sources, water sources, and natural places for tourism.)

 (
Teaching
)

Step 2:Explore
1. Put students into groups of three people up to their preferences. Assign them to study soil formation from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change, or other sources such as internet and library.
2. Students in each group discuss the result from studying given topics and record the conclusion in their personal notebooks.

Step 3: Explain
3. Each group of students comes in front of the class to present the result of studying. The teacher adds more suggestions as he/she sees fit.
4. The teacher asks students to discuss and share their opinions, using engaging questions as follows:
· What are components of soil?
(Suggested Answer: Soil is made up of four components: organic matter, inorganic matter, water, and air.)
· What is humus?
[bookmark: _Hlk52720212](Suggested Answer: Humus is the organic matter in soil. It is formed from decomposition of dead plants and animals.) 
5. The teacher adds extra explanation as follows, “Soil is formed from weathered rocks mixing with organic matter. The organic matter is humus, formed from decomposition of dead plants and animals. Soils in different areas vary in colors and characteristics. In some area, soil can be orange-red, black, or brown, up to different environments and factors.” 



 (
2
nd
 Hour
)
Step 2: Explore
[bookmark: _Hlk51499869][bookmark: _Hlk51502001][bookmark: _Hlk51504086]6. Put students into five groups. The representative of each pick up a piece of paper with topic for drawing lots to choose the subject for the group to study factors affecting characteristics and properties of the soils. Groups of student study the given subject from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change, or other resources such as internet and library. Below are topics for studying as a group.
· Group 1: Parent materials
· Group 2: Topography
· Group 3: Time
· Group 4: Climate
· Group 5: Biological factors

7. Students in each group discuss the result from studying given topics and record the conclusion in their personal notebooks.

Step 3:Explain
8. Each group of students comes in front of the class to present the result of the experiment. The teacher adds more suggestions as he/she sees fit.
[bookmark: _Hlk52720705]9. The teacher asks students to stimulate their interest using following engaging questions, “What are the factors affecting characteristics and properties of the soils?”
[bookmark: _Hlk52720725](Suggested Answer: Parent materials, topography, time, climate, and biological factors.) 

Step 4: Elaborate
10. The teacher provides an opportunity for students to ask questions about soil formation. The teacher adds extra explanations as he/she sees fit.
     11. Students work on Worksheet6.3.1:Soil Formation.



 (
Conclusio
n
)

Step 5: Evaluate	
1. The teacher evaluates students by observing their answers to the given questions, their behaviors when they work individually and in group, and their presentations in front of the class.
2. The teacher checks Worksheet 6.3.1: Soil Formation
[bookmark: _Hlk51506286]3. Together, students and the teacher conclude the lesson plan about resultant force as follows,“There are three steps of soil formation: 1. The weathering, 2. The decomposition, 3. The formation. The factors affecting characteristics and properties of the soils are Parent materials, climate, biological factors, topography, and time.”

10.Assessment and Evaluation	

	Indicators List
	Method
	Tool
	Criteria

	10.1Midcourse Evaluation
 1) Soil Formation
	

- Check Exercise 1.1
	

- Exercise 1.1
	

- Pass mark: 60%

		2) Presentation
	- Evaluate the presentation
	- Presentation Evaluation Form
	- Pass mark: Quality level 2

		3) Learners’ behavior when they work in group
	- Observe learners’ behavior when they  work in group
	- Observation Form (for learners’ behavior when they  work in group)
	- Pass mark: Quality level 2

		4) Performance
	- Evaluate the performance
	- Performance Evaluation Form
	- Pass mark: Quality level 2

	5) Desired Characteristics
	- Observe learners’ self-discipline, avidity for learning, and dedication and commitment to work
	- Desired Characteristics Evaluation Form
	- Pass mark: Quality level 2
















Lesson Plan 8
Learning Area: Science, Subject: Science
Level: Secondary 2
Lesson Plan: Properties of Soil, Duration: 2 hours

1. Learning Standards
SC 3.2	Understanding of components and interrelationship of Earth systems, changes under the subsurface of Earth, changes on the surface of Earth, natural disasters, weather and climate change including effect on living organisms, and environment

2. Indicators
SC 3.2 M.2/7	      Measure some soil properties by using appropriate measuring instruments, and introduce the guidelines for making use of soil in daily life based on some soil properties.

3.	Learning Objectives
1.Be able to explain properties of soil. (K)
2. Be able to check and identify the properties of soil using appropriate tools. (P)
3. Realize utilization of soil based on soil properties. (A)
      4.Be able to apply the knowledge of soil properties in daily life. (A)

4.	Contents
	Compulsory Details
	Local-related Content

	· Some properties of soil, such as texture, wetness, soil pH, or fertility, is considered in order to be utilized for agricultural activities or other purposes. The soil that is not suitable for growing plant are the soil without nutrients, acidic soil, alkaline soil, and hard compacted soil, which might be from natural causes. To utilize those soil, it must be adjusted to be suitable for the purpose.
	Consider from the institutional
curriculum.







Consider from the institutional
curriculum.




5.	Compulsory Details/ Summary
Properties of soil are various, such as, texture, soil pH, fertility, wetness, etc. Those properties can be considered in order to be chosen or used for farming or other purposes.

6.	Learners’ Key Competencies
    1. Communication Capacity
    2. Thinking Capacity
		1) Observation skill
		2) Experimental skill
		3) Collaboration skill
[bookmark: _Hlk52401669]		4) Information gathering skill
		5) Knowledge application skill
	    3. Capacity for Life Skills	

7. Desired Characteristics
	1.	Self-discipline		
	2.	Avidity for learning		
	3. Dedication and commitment to work

8. Important Questions
       1. What are properties of soil?
       2. How many types of soil particle are there? What are they?
       3. What is the difference or similarity between each group of soil?


 (
1
st
 Hour
)
 (
Introduction
)

Step 1:Engage
      1. The teacher reviews the knowledge from the previous hour about soil formation using engaging questions as follows.
· How many steps of soil formation are there? What are they?
          (Suggested Answer: There are three steps of soil formation: 1. The weathering, 2. The decomposition, 3. The formation.)
2. The teacher shows students the online video about soil properties, and asks them to stimulate their interest, and share their opinions freely by using engaging questions as follows, “If you would like to grow a plant, what kind of soil will you use?”
          (Suggested Answer: It depends on students’ answers. They may answer that the soil must have coarse-grain texture, many pore spaces, and dark color.)  
 (
Teaching
)

Step 2: Explore
[bookmark: _Hlk52026299]      1. Put students into groups of four people up to their preferences. Assign them to study properties of soil from Mastering Science Work-Textbook Secondary 2B, Learning  Unit 6: Earth and Its Change, or other resources such as internet.
      2. Students in each group discuss the result from studying given topics and record the conclusion in their personal notebooks.

Step 3: Explain
      3. The teacher calls on four groups of students randomly to come in front of the class to present the result of their studying, following the given topics as mentioned below.
· Soil texture
· Soil wetness
· Soil color
· Soil pH
      4. During presentation, the teacher adds more suggestions as he/she sees fit.
      5. Together, students and the teacher discuss properties of soil to draw the conclusion as follows, “There are many properties of soil such as soil texture, soil pH, soil fertility, the amount of water in soil. Human utilizes soil based on its properties for different purposes. For example, clay soil holds water well because its particle size is less than 0.002 mm, so it is used to make earthenware.”

 (
2
nd
 Hour
)

Step 2:Explore	
6. Put students into groups of six people by asking them to count only one number from number 1-6. Students who count the same number will be in the same group. Then, assign them to conduct experiment: Measuring Soil Properties from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change, to check and identify the properties of soil using appropriate tools.
7. Assign students in each group to study the instructions of experiment: Measuring Soil Properties, from Mastering Science Work-Textbook Secondary 2B, Unit 6: Earth and Its Change. The teacher integrates collaboration technique to set the learning process by assigning the role in a group for each student as mentioned below.
· Member 1-2 prepare the equipment for experiment: Measuring Soil Properties. 
· Member 3-4read and explain the instructions of the experiment to the group members. 
· Member 5-6log what they have found in the Record of Experiment: Measuring Soil Properties.

8. Each group of students conduct experiment following the instructions from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change.
9. Together, students in each group share, analyze, and discuss the results from the experiment.

Step 3:Explain
10. Each group of students comes in front of the class to present the result of the experiment. The teacher adds more suggestions as he/she sees fit.
11. The teacher asks students to discuss and share their opinions, using engaging questions as follows:
· How many groups of soil texture are there? What are their characteristics?
          (Suggested Answer: There are three groups of soil texture: clay soil, loam soil, and sandy soil. Clay soil is fine-grained texture soil. It holds water well. Loam soil also holds water well, allows water to pass through it well, and is suitable for farming. Sandy soil is coarse-grained texture soil and does not hold water.)
· What is the pH of acidic soil and alkaline soil respectively?
	(Suggested Answer: The pH of acidic soil is lower than 7, The pH of alkaline soil is greater than 7.) 
· Give examples of soil properties and utilization.
(Suggested Answer: Clay soil is used for making earthenware. Loam soil is used for farming.) 
12. Together, students and the teacher discuss the result of the experiment:Measuring Soil Properties, to draw the conclusion as follows, “There are three groups of soil texture: clay soil, loam soil, and sandy soil. When we touch clay soy, we can feel its sticky and fine-grained texture. It is flexible when it is wet so it can be used to make earthenware. When we touch loam soil, we can feel its softness and medium-grained texture. When we touch sandy soil, we can feel its coarse-grained texture. If the soil pH is checked by using a universal indicator paper, the value below 7 means the soil is acidic and the value greater than 7 means the soil is alkaline.”

Step 4: Elaborate
13. The teacher provides an opportunity for students to ask questions about properties of soil. The teacher adds extra explanations as he/she sees fit.
14. Each of student answers question, “How do we utilize soil based on properties of soil in daily life?” Assign students to give at least three examples accordingly, write it down on A4 paper with full explanation, design and decorate it.
15. Assign students to do mind mapping: Properties of Soil.
 (
Conclusion
)

Step 5: Evaluate	
[bookmark: _Hlk51506128]1. The teacher evaluates students by observing their answers to the given questions, their behaviors when they work individually and in group, and their presentations in the front of the class.
2. The teacher evaluates the result of experiment: Measuring Soil Properties.
3. The teacher evaluates mind mapping: Properties of Soil.
[bookmark: _Hlk52027924]4. Together, students and the teacher conclude the lesson plan about friction as follows,“There are many properties of soil. Soil texture refers to the amount of sand, silt , and clay particles in soil. Wetness refers to the amount of water in soil which is very important to living organisms. Soil color is the property that can be seen obviously. Soil pH is the level of acidity and alkalinity of soil and it cannot be seen.”

10.Assessment and Evaluation	
	Indicators List
	Method
	Tool
	Criteria

	10.1Midcourse Evaluation
 1) Properties of Soil
	

- Evaluate mind mapping: Properties of Soil.
	

- Work piece Evaluation Form
	

- Pass mark: Quality level 2

		2) Presentation
	- Evaluate the presentation
	- Presentation Evaluation Form
	- Pass mark: Quality level 2

		3) Learners’ behavior when they work in group
	- Observe learners’ behavior when they  work in group
	- Observation Form (for learners’ behavior when they  work in group)
	- Pass mark: Quality level 2

		4) Performance
	- Evaluate the performance
	- Performance Evaluation Form
	- Pass mark: Quality level 2

	5) Desired Characteristics
	- Observe learners’ self-discipline, avidity for learning, and dedication and commitment to work
	- Desired Characteristics Evaluation Form
	- Pass mark: Quality level 2




















Lesson Plan 9
Learning Area: Science, Subject: Science
Level: Secondary 2
Lesson Plan: Soil Horizons and Soil Improvement, Duration: 2 hours


15. Learning Standards
SC 3.2	Understanding of components and interrelationship of Earth systems, changes under the subsurface of Earth, changes on the surface of Earth, natural disasters, weather and climate change including effect on living organisms, and environment

16. Indicators
SC 3.2 M.2/6      Explain the features of the soil horizons and the soil formation process from a model, and identify the factors contributing to different soil features and properties.
3.	Learning Objectives
1.Be able to explain soil horizons and soil improvement. (K)
2. Be able to compare characteristics of soil in each horizon. (K)
         3. Be able to conduct experiment correctly and follows the steps in order, to study soil horizons and create a model of soil profile. (P)
          4.Be avid for learning and dedicated to work. (A)

4.	Contents
	Compulsory Details
	Local-related Content

	· Soil is formed from a mixture of weathering of rocks and mineral mix with decaying plants and animals. Soil is made up of layers, called soil horizons. Soil horizons differ in physical properties, chemical properties, and others such as color, structure, texture, stability, soil pH, which can be explored in the field. We use capital letter to specify each horizon in a soil profile as O, A, E, B, C, and R. 
· A soil profile is the vertical arrangement of soil horizons from the top to the bottom.
· Soils in different areas have different characteristics and properties based on the following factors: parent materials, climate, organism in the soil, topography, and time.
	Consider from the institutional
curriculum.







Consider from the institutional
curriculum.




5.	Compulsory Details/ Summary
Soil is made up of layers, called soil horizons. These horizons can be grouped into six types with different characteristics. We use capital letter to specify each horizon in a soil profile as O, A, E, B, C, R.The soil quality can be improved by planting beans to nourish the soils, adding lime to adjust acidic soil, or addingSulphur to adjust alkaline soil.

6.	Learners’ Key Competencies
    1. Communication Capacity
    2. Thinking Capacity
		1) Observation skill
		2) Experimental skill
		3) Collaboration skill
		4) Information gathering skill
	    3. Capacity for Life Skills	

7. Desired Characteristics
	1.	Self-discipline		
	2.	Avidity for learning		
	3. Dedication and commitment to work

8. Important Questions
       1. How do different soil horizons differ?
       2. How many soil horizons are there in a soil profile?
       3. Give two examples of soil improvement. 

 (
1
st
 Hour
)
 (
Introduction
)

Step 1:Engage
1. The teacher reviews the knowledge from the previous hour about soil properties, using following engaging question.
· What is the difference or similarity between all types of soil?
          (Suggested Answer: It depends on the teacher and students’ discretion.)
       2. The teacher shows online video aboutsoil horizons explorerto stimulate students’ interest.
 (
Teaching
)

Step 2:Explore
      1. Put students into groups of six people. Assign them to conduct experiment: Modeling a Soil Profile, from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change, to study soil horizons and create a model of soil profile. 
      2. Assign students in each group to study the instructions of experiment: Modeling a Soil Profile, from Mastering Science Work-Textbook Secondary 2B, Unit 6: Earth and Its Change. The teacher integrates collaboration technique to set the learning process by assigning the role in a group for each student as mentioned below.
· Member 1-2 prepare the equipment for experiment: Modeling a Soil Profile. 
· Member 3-4read and explain the instructions of the experiment to the group members. 
· Member 5-6log what they have found in theRecord of Experiment: Modeling a Soil Profile. 
3. Each group of students conduct experiment following the instructions from Mastering Science Work-Textbook Secondary 2B, LearningUnit 6: Earth and Its Change.
      4. Together, students in each group share, analyze, and discuss the results from the experiment.


Step 3:Explain
      5. Each group of students comes in front of the class to present the result of the experiment. The teacher adds more suggestions as he/she sees fit.
      6. The teacher asks students to discuss and share their opinions, using engaging questions as follows:


· How many soil horizons are there in a soil profile? How do they look like?
(Suggested Answer: In theory, there are six horizons. The topmost horizon is called O horizon. It contains organic matter accumulated from dead plants and animals. Thus, the color of this horizon is dark. Many plant roots or branches can be found.)
· Evaluate the model of soil profile created by other groups of students. 
          (Suggested Answer: It depends on the teacher and students’ discretion.)
      7. Together, students and the teacher discuss the result of the experiment:Modeling a Soil Profile, to draw the conclusion as follows,“According to studying soil horizons, we will see that soil is made up of layers. Soil horizons differ in texture, color, thickness, and mineral composition. Moreover, soil horizons in different areas differ in properties, characteristics, the number of layers, and thickness because of different weathering processes.”

 (
2
nd
 Hour
)
Step 2:Explore
8. The teacher prepares pieces of paper with alphabet O, A, E, B, C andR for drawing lots. Assign students to come picking it up.
9. Each of student studies soil horizon following the given horizonfrom Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change,or other resources such as internet, then record the conclusion of what they have learned in their personal notebooks.
10. Assign students to draw pictures or diagram depicting soil horizonfollowing the given horizon in A4 paper, design and decorate it. 
11. Put students with different horizon of soil together as groups. In each group, there will be students who work on O, A, E, B, C, and R horizon. Tape their A4 papers together to create a soil profile.

Step 3:Explain
12. The teacher calls on four groups of students randomly to come in front of the class to present the result of their studying. The teacher adds more suggestions as he/she sees fit.
13. Together, students and the teacher discuss soil horizons to draw the conclusion as follows, “Soil horizons can be grouped into six types with different properties and characteristics as follows.
	1) O horizon (humus or organic) is dark in color because it contains a lot of organic matter. Plant leaves, roots, and branches can be found.
2) A horizon (topsoil) is the layer that contains organic matter mixed with minerals from parent materials.
3)E horizon (eluvial or leached) is leached layer. Soil here is light in color and contains less organic matter than A horizon.
4)B horizon (subsoil) is rich in minerals and organic matter. 
5)C horizon (substratum) contains weather rocks. 
6)R horizon (bedrock) contains hard rock which are part of Earth’s crust.” 

Step 4: Elaborate
14. Put students into groups of three people up to their preferences. Assign them to study information about soil pollution from Handout: Soil Pollution.
15. Students in each group suggest guidelines to improve soil quality in A4 paper. 
16. Together, students and the teacher discuss soil improvement to draw the conclusion as follows,“Mostly, soil degradation is from natural causes such as a landslide and erosion. However, overuse of chemicals in farming also causes soil degradation. To improve soil, we can put organic fertilizer in soil to make it friable. We can plant nuts to nourish soil. We can add limestone powder if the soil is acidic or add Sulphur powder if the soil is alkaline.”
17. The teacher provides an opportunity for students to ask questions about soil horizons and soil improvement. The teacher adds extra explanations as he/she sees fit.
18. Assign students to do Exercise 2.1 from Mastering Science Work-Textbook Secondary 2B,Unit 6: Earth and Its Change.

 (
Conclusion
)

Step 5: Evaluate
1. The teacher evaluates students by observing their answers to the given questions, their behaviors when they work individually and in group, and their presentations in front of the class.
2. The teacher evaluates the result of experiment: Modeling a Soil Profile, from students’ notebooks or Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change.
3. The teacher checks Exercise 2.1 fromMastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change.
4. Together, students and the teacher conclude the lesson plan about soil horizons and soil improvement as follows, “If we dig deep into soil, we will see that it is made up of layers. These layers are called soil horizons. The vertical arrangement of soil horizons is called a soil profile. These horizons can be grouped into six types: O horizone (humus or organic, A horizon (topsoil), E horizon (eluvial or leached), B horizon (subsoil), C horizon (substratum), and R horizon (bedrock). Different soil horizons differ in physical properties, chemical properties, biological properties and etc. Soil improvement is to solve a problem of soil degradation, which is caused by natural processes such as a landslide and erosion, and also by human from utilization of soil.”

10.Assessment and Evaluation
	Indicators List
	Method
	Tool
	Criteria

	10.1Midcourse Evaluation
1) Soil Horizons and Soil improvement
	

- Check Exercise 2.1
	

- Exercise 2.1
	

- Pass mark: 60%


		2) Presentation
	- Evaluate the presentation
	- Presentation Evaluation Form
	- Pass mark: Quality level 2

		3) Learners’ behavior when they work in group
	- Observe learners’ behavior when they  work in group
	- Observation Form (for learners’ behavior when they  work in group)
	- Pass mark: Quality level 2

		4) Performance
	- Evaluate the performance
	- Performance Evaluation Form
	- Pass mark: Quality level 2

	5) Desired Characteristics
	- Observe learners’ self-discipline, avidity for learning, and dedication and commitment to work
	- Desired Characteristics Evaluation Form
	- Pass mark: Quality level 2



Lesson Plan 10
Learning Area: Science, Subject: Science
Level: Secondary 2
Lesson Plan: Water Sources, Duration: 4 hours


17. Learning Standards
SC3.2	Understanding of components and interrelationship of Earth systems, changes under the subsurface of Earth, changes on the surface of Earth, natural disasters, weather and climate change including effect on living organisms, and environment.


18. Indicators
SC 3.2 M.2/8  	Explain the factors and the formation of surface and subsurface watersources by using a model.

3.	Learning Objectives
1.Be able to describe the processes of surface water occurrence.(K)
      2. Be able to describe the processes of subsurface water occurrence.(K)
      3. Be able to describe the processes and factors that affect the features of surface water sources. (K)
      4. Be able to conduct experiment correctly and follows the steps in order, to create a model of surface and subsurface water formation. (P)
      5.Be able to apply the knowledge of water sources in daily life. (A)

4.	Contents
	Compulsory Details
	Local-related Content

	Surface water mostly comes from rainfall (precipitation). When runoff water flows on Earth’s surface due to gravity, it erodes land and form watercourses such as, streams, canals, and rivers. These water courses are different in shapes and sizes based on the amount of of runoff water, the duration of erosion, the types of rocks and soil, and the geographical features of the area (degree of slope or gradient and elevation). As runoff water flows toward areas of lower elevations, it accumulates as water bodies such as marshes, lakes, seas, and oceans.
 -  Subsurface water is water that has entered the ground to fill the pore spaces below the Earth’s surface. Subsurface water can be divided into two types: soil water and groundwater. Soil water is water found in pore spaces in soil. Groundwater is water found in layers of permeable rocks called aquifers.	
	Consider from the institutional
curriculum.





Consider from the institutional
curriculum.




[bookmark: _Hlk52672262]5.	Compulsory Details/ Summary
[bookmark: _Hlk52672274]There are two water sources: surface water and subsurface water. Surface water mostly comes from rainfall (precipitation). The excess water that is not absorbed by the surrounding will flow as runoff water, it erodes land and form watercourses such as, streams, canals, and rivers. Subsurface water is water that has entered the ground to fill the pore spaces below the Earth’s surface. Subsurface water can be divided into two types: soil water and groundwater. Water is used for consumption, crop cultivation, livestock farming, a habitat for fishes and other water organism, and industrial uses.

[bookmark: _Hlk52672281]6.	Learners’ Key Competencies
[bookmark: _Hlk52672286]1. Communication Capacity
[bookmark: _Hlk52672291]2. Thinking Capacity
		1) Observation skill
		2) Experimental skill
[bookmark: _Hlk52671442]		3) Formulating hypothesis skill
		4) Collaboration skill
		5) Information gathering skill	
[bookmark: _Hlk52672326]	3. Capacity for Life Skills


[bookmark: _Hlk50932206]7. Desired Characteristics
	1.	Self-discipline		
	2.	Avidity for learning		
	3.Dedication and commitment to work

8. Important Questions
       1. What is the ratio of seas and oceans covering Earth’s surface?
       2. What is the difference between surface water and subsurface water?
       3. Give at least two examples of water sources?


 (
1
st
 Hour
)
 (
Introduction
)

Step 1:Engage
1. The teacher shows cards of water sources such as waterfall, sea, river, and asks students to stimulate their interest, and share their opinions freely by using engaging questions as follows:
· According to the cards, what are water sources did you see?
(Suggested Answer: Students may answer waterfalls, seas, rivers and etc.) 
· What is the difference between water sources from the cards.
(Suggested Answer: Students may answer that some are fresh water and some are salt water.) 
      2. The teacher asks students to guide them to the lesson, using following engaging question, “What are water sources for human uses?” 
(Suggested Answer: Fresh water sources are groundwater, rivers, and waterfalls. Salt water sources are seawater.) 

 (
Teaching
)

Step 2:Explore
1. Pair students with their classmates up to their preferences. Assign them to observes model of earth and compare the areas of land and water. Identify water sources they know as much as possible and classify water sources accordingly. They can set criteria for classification up to their preferences, such as fresh water and salt water, surface water and subsurface water, natural water sources and man-made water sources.
2. The teacher asks for two pairs of volunteers to come in front of the class to present the result of water sources classification. Each pair of students must have different criteria for classification. The teacher asks the classmates to consider and discuss if the classifications are correct.
3.Each pair of students studies more about water sources from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change, or other sources such as internet.

Step 3:Explain
4. The teacher asks students to stimulate their interest, and share their opinions freely by using engaging questions as follows:
· Are there more fresh water sources than salt water sources on Earth?
(Suggested Answer: There are more salt water than fresh water because most of water sources are seas, and oceans.) 
· What is the essential role of water for living things?
(Suggested Answer: It is used for consumption.) 
· What is the ratio of seas and oceans covering Earth’s surface?
		(Suggested Answer: Three quarters of Earth’s surface.)
5. The teacher calls on four students randomly to give examples of water sources. Below are topics for each of student.
· First student: Give two examples of surface water sources
· Second student: Give two examples of subsurface water sources
· Third student: Give two examples of fresh water sources
· Fourth student:Give two examples of salt water sources

 (
2
nd
 Hour
)
Step 2: Explore
6. The teacher reviews the knowledge about water sources on Earth from the previous hour.
7. Put students into groups of six people up to their preferences. The teacher explains the purpose of experiment: Modeling Surface Water Formation, to describe the processes and factors that affect the features of surface water sources.
[bookmark: _Hlk52568837][bookmark: _Hlk52672812][bookmark: _Hlk51534744]8. Assign them to study the instructions of the experiment: Modeling Surface Water Formation ,from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change. The teacher integrates collaboration technique to set the learning process by assigning the role in a group for each student as mentioned below.
· Member 1-2 prepare the equipment for the experiment: Modeling Surface Water Formation.
· Member 3-4read and explain the instructions of the experiment to the group members. 
· Member 5-6log what they have found in theRecord of Experiment: Modeling Surface Water Formation.
9. Each group of students conduct experiment following the instructions from Mastering Science Work-Textbook Secondary 2B, LearningUnit 6: Earth and Its Change.
10. Each group of students conducts experiment following the instructions, then shares, analyzes, and discusses the results from the experiment.

Step 3:Explain
11.Each group of students comes in front of the class to present the result of the experiment. The teacher adds more suggestions as he/she sees fit.
12. The teacher asks students to discuss and share their opinions, using engaging questions as follows:
· What is the difference between the watercourse on the piles of sand and the watercourse on the piles of pebbles at the equal heights?
(Suggested Answer: The pile of sand has more watercourses than the pile of pebbles.)
· What is the difference between the watercourses on the piles of sand at different heights?
(Suggested Answer: The watercourse on the higher pile of sand is deeper.) 
· What is the characteristic of water source model? 
(Suggested Answer: The water source from erosion process will be bigger. The size, shape, and flowing direction will be changed. Water is natural agent that transports sediment to deposit in areas. Smaller sediment will be washed away further than bigger sediment.) 
13. Together, students and the teacher discuss the result of the experiment:Modeling Surface Water Formation, to draw the conclusion as follows ,“Most of water sources are natural. When it rains, the excess water that is not absorbed by the surrounding will flow as runoff water. It erodes land and form small water courses. According to the experiment, higher landscapes cause deeper erosion. The watercourses will be bigger as time passed by. Type of soils, rocks, minerals, time, speed of waterflow and seasonal streams affect the process of erosion.”
14. Assign students to study the history of Chao Phraya river from Handout: History of Chao Phraya River. Students analyze what they have learned together and record the conclusion in their personal notebooks.
15. Together, students and the teacher discuss the formation of Chao Phraya river to draw the conclusion as follows, “Chao Phraya river’s origin is from watercourse in the mountain from the north of Thailand. Water flow causes erosion and small watercourse. When time passed by, the process of erosion, transportation and deposition causes bigger watercourse.”

 (
3
rd
 Hour
)
Step 2:Explore
16. The teacher prepares equipment for demonstration such as beaker, watering can, sand, rocks, and soil. The teacher asks for few volunteers to come in front of the class to fill sand and rocks in the beaker (1/3 of beaker) respectively, then fill the soil until the beaker is full and use the watering can to pour water into the beaker.
17. Students observe the water flow and share their opinions freely.
18. The teacher adds extra explanation from the demonstration as follows, “The water poured onto Earth’s surface will enter the ground. It is called subsurface water, which can be found in soil and in layers of permeable rocks.”
     19. Assign students to study information about subsurface water from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change, or scan QR Code: How Groundwater Is Formed, then record the conclusion of what they have learned in their personal notebooks.
20. Put students into groups of 5-6 people to conduct experiment: Modeling Subsurface Water Formation from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change, to describe the processes of subsurface water occurrence.
21. Students in each group study the instructions of the experiment from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change. The teacher integrates collaboration technique to set the learning process by assigning the role in a group for each student as mentioned below.
· Member 1-2 prepare the equipment for the experiment: Modeling Subsurface Water Formation. 
· Member 3-4read and explain the instructions of the experiment to the group members. 
· Member 5-6log what they have found in the Record of Experiment: Modeling Subsurface Water Formation.
22. Each group of students conduct experiment following the instructions from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change.
23. Each group of students shares, analyzes, and discusses the results from the experiment.

 (
4
th
 Hour
)
Step 3: Explain
24. Each group of students comes in front of the class to present the result of the experiment. The teacher adds more suggestions as he/she sees fit.
25. The teacher asks students to discuss and share their opinions, using engaging questions as follows:
· After pouring water into the fish tank, what is the change of water level in the layers of sand and in the straw?
(Suggested Answer: The water level gradually increases.)
· Which layer is pouring water stored? How many layers are there?
(Suggested Answer: Water is stored in two layers of sands.) 
· What is the characteristic of the layer that stored water?
(Suggested Answer: It is the sand layer. Its particles are loose and the sediments’ sizes are equal.) 
26. Together, students and the teacher discuss the result of the experiment: Modeling Subsurface Water Formation, to draw the conclusion as follows, “Surface water will seep downward through the ground. It will be stored in pore spaces of soil. If the soil has less air space, the soil will hold water that way.”

Step 4: Elaborate
27. Assign students to study the formation of hot spring from Handout: Raksa Warin Hot Spring.Students analyze what they have learned together and record the conclusion in A4 paper. Design and decorate it.
28. The teacher provides an opportunity for students to ask questions about surface water and subsurface water. The teacher adds extra explanations as he/she sees fit.
     29. Students work on Worksheet 6.6.1:Nearby Water Sources.

 (
Conclusion
)

Step 5: Evaluate
1. The teacher evaluates students by observing their answers to the given questions, their behaviors when they work individually and in group, and their presentations in the front of the class.
2. The teacher checks experiment: Modeling Surface Water Formation
3. The teacher checksexperiment: Modeling Subsurface Water Formation.
4. The teacher checksWorksheet 6.6.1:Nearby Water Sources.
5. Together, students and the teacher conclude the lesson plan about water sources as follows,“There are two water sources: surface and subsurface water. Surface water is water that collects on the surface of Earth. When it rains, the excess water that is not absorbed by the surrounding will flow as runoff water. It erodes land and form small water courses such as river and canal. Subsurface water is the surface water that has entered the ground to fill the pore spaces. Soil water is subsurface water found in pore spaces in soil. Groundwater is subsurface water found in layers of permeable rocks called aquifers.”

10. Assessment and Evaluation
	Indicators List
	Method
	Tool
	Criteria

	1) 10.1Midcourse Evaluation
· Water Sources
	

- Check Worksheet6.6.1
	

- Worksheet 6.6.1
	

- Pass mark: 60%

	2) Presentation

	- Evaluate the presentation
	- Presentation Evaluation Form
	- Pass mark: Quality level 2

	3) Learners’ behavior when they work in group
	- Observe learners’ behavior when they  work in group
	- Observation Form (for learners’ behavior when they  work in group)
	- Pass mark: Quality level 2

	4) Performance
	- Evaluate the performance
	- Performance Evaluation Form
	- Pass mark: Quality level 2

	  5) Desired Characteristics
	- Observe learners’ self-discipline, avidity for learning, and dedication and commitment to work
	- Desired Characteristics Evaluation Form
	- Pass mark: Quality level 2





Lesson Plan 11
Learning Area: Science, Subject: Science
Level: Secondary 2
Lesson Plan: Uses of water and Preserving Water Resources, Duration: 1 hours


19. Learning Standards
SC 3.2	Understanding of components and interrelationship of Earth systems, changes under the subsurface of Earth, changes on the surface of Earth, natural disasters, weather and climate change including effect on living organisms, and environment

20. Indicators
SC 3.2 M.2/9        Make a model demonstrating uses of water and guidelines on 
	        sustainable uses of water in your local area.


3.	Learning Objectives
1.Be able to explain uses of water. (K)
[bookmark: _Hlk52746188]2. Be able to search for information and suggest guidelines on sustainable consumption of water in your local area. (P)
3.Be able to apply knowledge of uses of water and preserving water sources in daily life. (A)

4.	Contents
	Compulsory Details
	Local-related Content

	· Water from surface and subsurface are used in daily-life activities. It affects water management and quality of water sources. Surface water is not enough for human because the population growth, agriculture, industries, and climate change that affects the volume of rainfall. Thus, humans used a lot more of subsurface water. It is necessary to find appropriate and sustainable ways to utilize water, such as searching for more water supplies, managing water distribution, reserving and restoring water sources, protecting and improving water quality.
	Consider from the institutional
curriculum.








Consider from the institutional
curriculum.




5.	Compulsory Details/ Summary
Water is very important to humans. It is used for cooking, consumption, agriculture, a habitat for fishes and other water organism, and various industrial activities such as production process, washing raw materials, cooling equipment and machines. Besides, it is also utilized for electricity generation and transportation. 

6.	Learners’ Key Competencies
    1. Communication Capacity
    2. Thinking Capacity
		1) Observation skill
		2) Experimental skill
		3) Formulating hypothesis skill
		4) Collaboration skill
		5) Information gathering skill	
    3. Capacity for Life Skills

7. Desired Characteristics
	1.	Self-discipline		
	2.	Avidity for learning		
	3. Dedication and commitment to work

8. Important Questions
       1. Give examples of benefit of using water in daily life.
       2. What is the form of water use to generate electricity?


 (
1
st
 Hour
)
1.  (
Introduction
)
Step 1 :Engage
1.The teacher greets students, reviews the knowledge from the previous hour about water sources by using engaging question as folows,  
· How many water sources are there on Earth? What are they?
  (Suggested Answer: There are two water sources: surface and subsurface water.) 
2. Put students into groups of seven people up to their preferences. The teacher provides one A4 paper per group. Assign them to write one example of benefit of using water in daily life per person and forward the paper to the next member in the group. When the last member of the group writes the example down, it will go back to the first member to write again. The examples must not be the same. The activity must be done in 30 seconds.

 (
Teaching
)

Step 2:Explore
1. Pair students with their classmates up to their preferences. Assign them to study uses of water and guidelines for sustainable consumption of water from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change.
2. Students in each pair discuss and conclude what they have learned, then record the conclusion in their personal notebooks.

Step 3:Explain
3. The teacher calls on four students randomly to come in front of the class to present the result of their studying. The teacher adds more suggestions as he/she sees fit.
4. Together, students and the teacher discuss uses of water to draw the conclusion as follows, “Water is used for various activities such as consumption and industrial activities. Because of that, the water quality is degraded and the quantity of water decreases. Therefore, we have to preserve, recover and resolve water quality.” 
5. teacher calls on five students randomly to give one example (per person) of sustainable consumption of water.
          (Suggested Answer: Replace the bad quality water with good quality water, consume water economically, improve the quality of water sources.) 

Step 4: Elaborate
6. teacher provides an opportunity for students to ask questions about uses of water and preserving water sources. The teacher adds extra explanations as he/she sees fit.
7. Assign students to do mind mapping: Uses of Water.

 (
Conclusion
)

Step 5: Evaluate
1. The teacher evaluates students by observing their answers to the given questions, their behaviors when they work individually and in group, and their presentations in the front of the class.
2. The teacher evaluates mind mapping: Uses of Water.
3. Together, students and the teacher conclude the lesson plan about uses of water as follows,“Water is essential for humans. We use water in consumption, crop cultivation, industrial uses. Water is also a habitat for fishes and other water organisms. The guidelines to improve water quality can be replacing the bad quality water with good quality water, planting water hyacinth, and using machines.”

10.  Assessment and Evaluation
	Indicators List
	Method
	Tool
	Criteria

	10.1Midcourse Evaluation
2) Uses of Water and Preserving Water Resources
	

- Check work piece, mind mapping: Uses of Water.
	

- Work piece Evaluation Form
	

- Pass mark: Quality level 2

		2) Presentation
	- Evaluate the presentation
	- Presentation Evaluation Form
	- Pass mark: Quality level 2

		3) Learners’ behavior when they work in group
	- Observe learners’ behavior when they  work in group
	- Observation Form (for learners’ behavior when they  work in group)
	- Pass mark: Quality level 2

		4) Performance
	- Evaluate the performance
	- Performance Evaluation Form
	- Pass mark: Quality level 2

	5) Desired Characteristics
	- Observe learners’ self-discipline, avidity for learning, and dedication and commitment to work
	- Desired Characteristics Evaluation Form
	- Pass mark: Quality level 2




Lesson Plan 12
Learning Area: Science, Subject: Science
Level: Secondary 2
Lesson Plan: Water Disasters, Duration: 1 hours


1. Learning Standards
Standard SC 3.2 	Understanding of components and interrelationship of Earth systems, changes under the subsurface of Earth, changes on the surface of Earth, natural disasters, weather and climate change including effect on living organisms, and environment

2. Indicators
SC 3.2 M.2/10      Make a model demonstrating the occurrence and impacts of flooding, 
		coastal erosion, landslide, sink holes, and land subsidence.
3.	Learning Objectives
1. Be able to explain the processes and effects of flooding, coastal erosion, a landslide, a sinkhole and subsidence. (K)
     2. Be able to conduct experiment correctly and follows the steps in order, to describe how coastal erosion occurs. (P)
      3. Be able to apply the knowledge of water disasters prevention in daily life. (A)

4.	Contents
	Compulsory Details
	Local-related Content

	- Flooding, coastal erosion, a landslide, a sinkhole, and land subsidence occur from different cause and have various effects, including loss or damage of life and properties.		
 -  Flooding occurs when there is too large amount of water submerged an area. It depends on the amount of water and geographical features of the area.
· Coastal erosion is the gradual breakdown and removal of sediments and rocks from the coastline by seawater. It occurs due to the action of waves and winds. Water washes away sediments from one place to another and change the coastlines. If there are more removal of sediments than addition, it is considered as coastal erosion.
- A landslide is the movement of large amount of soil and rocks down a slope due to gravity. The major causes of lanslides are the degree of the slope, geographical features, the volume  of rainfall, the plants in the area, and the utilization of the land.
-  A sink hole is a hole on the ground caused by the collapse of an underground limestone cave, dissolution of underground rock salt, the erosion of underground sediment, or the pumping of groundwater.
· Land subsidence is a gradual settling or sudden sinking of the Earth's surface due to removal or displacement of subsurface earth materials, or groundwater. It can be either action of nature or humans.
	Consider from the institutional
curriculum.








Consider from the institutional
curriculum.




5.	Compulsory Details/ Summary
Surface water can cause disasters, e.g. flooding, coastal erosion, a landslide, a sinkhole, and land subsidence. The cause and effect are various. For example, flooding occurs when there is too large amount of water covering an area. Coastal erosion is the gradual breakdown and removal of sediments and rocks from the coastline by seawater. A landslide is the movement of large amount of soil and rocks due to gravity. A sinkhole occurs from a collapse of an underground limestone cave. Subsidence is the sudden sinking or gradual downward settling of the ground's surface.

6.	Learners’ Key Competencies
    1. Communication Capacity
    2. Thinking Capacity
		1) Observation skill
		2) Experimental skill
[bookmark: _Hlk52622777]		3) Association skill
[bookmark: _Hlk52401655]		4) Comparing skill
		5) Collaboration skill
		6) Information gathering skill
		7) Knowledge application skill
    3. Capacity for Life Skills

7. Desired Characteristics
	1.	Self-discipline		
	2.	Avidity for learning		
	3. Dedication and commitment to work

8. Important Questions
       1. Give at least two examples of water disasters.
       2.Suggest guidelines to prevent and resolve problems involving water disasters.

 (
1
st
 Hour
)
 (
Introduction
)

Step 1:Engage
1. The teacher online video about the great water disaster in Thailand within 25 years, asks students to stimulate their interest, and to share their opinions freely using engaging question as follows,“What are examples of water disasters?”
(Suggested Answer: Water disasters can be flooding, coastal erosion, a landslide, a sinkhole, and subsidence.) 


 (
Teaching
)

Step 2: Explore
1. Put students into groups of six people. Each of student count one number from 1-6. Students will join the group with other students who got the same number. Assign them to send one representative to pick up one piece for the topic to study water disasters, using Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change, or other resources such as internet and library. Below are given topics.
· Group 1: Flooding
· Group2: Coastal Erosion
· Group3: Landslide
· Group4: Sinkhole
· Group5: Subsidence
2. Students in each group discuss and conclude what they have learned, then record the conclusion in their personal notebooks.

Step 3:Explain
3. Each group of students comes in front of the class to present the result of their studying. The teacher adds more suggestions as he/she sees fit.
4. Together, students and the teacher discuss water disasters to draw the conclusion as follows, “Water disaster is natural disaster. Some water disasters caused by humans such as deforestation. Deforestation affects climate change. It causes more rainfall and flooding. If some areasare high landscapes, the flash flooding may occur such as flooding from the jungle or collapse of the dam. Large amount of water can also cause a landslide. Coastal erosion can cause the breakdown of coastline which leads to problems in transportation. Moreover, when humans pump a lot of groundwater for uses, it may lead to a sinkhole.”
5. The teacher asks students to discuss and share their opinions, using engaging questions as follows, “What is the difference between flooding and flash flooding?” 
(Suggested Answer: Flooding occurs in dry land, river, and community. Flash flooding occurs in high landscapes such as flooding from the jungle.)

 (
2
nd
 Hour
)
Step 2:Explore
6. The teacher reviews the knowledge from the previous hour about water disasters. 
7. Put students into groups of six people. Assign them to conduct experiment: Modeling Coastal Erosion, from Learning Unit 6: Earth and Its Change, to describe how coastal erosion occurs.
8. Students in each group study the experiment instructions from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change. The teacher integrates collaboration technique to set the learning process by assigning the role in a group for each student as mentioned below.
· Member 1-2 prepare the equipment for the experiment: Modeling Coastal Erosion. 
· Member 3-4read and explain the instructions of the experiment to the group members. 
· Member 5-6log what they have found in the Record of Experiment: Modeling Coastal Erosion.
      9. Each group of students conduct experiment following the instructions in Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change.
10. Each group of studentsshares, analyzes, and discusses the results from the experiment.

Step 3:Explain
11. Each group of students comes in front of the class to present the result of the experiment. The teacher adds more suggestions as he/she sees fit.
12. The teacher asks students to discuss and share their opinions, using engaging questions as follows:
· What is the change in the coastline area?
(Suggested Answer: When water attacks the coastline, sediment will be washed away or removed. It causes the removal or breakdown of the coastline.)  
· Evaluate methods to prevent and resolve coastal erosion from other groups if it is efficient and deliver no effect to surroundings.
          (Suggested Answer: The method to prevent coastal erosion is to build structures along the coastline to reduce the impact of erosion.) 
13. Together, students and the teacher discuss the result of the experiment: Modeling Coastal Erosion, to draw the conclusion as follows “The attack of water causes coastal erosion, which leads to different features of coastline. Mostly, coastal erosion occurs in the deep seas.”
14. The teacher adds extra explanation about coastal erosion as follows, “Coastal erosion causes changes in geographical features of the coastline, such as steep cliffs, sea caves, Lod caves, natural arches, and natural rock stacks.”

Step 4: Elaborate
15. The teacher provides an opportunity for students to ask questions about water disasters. The teacher adds extra explanations as he/she sees fit.
16. Assign students to do Exercise 3.1 from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change.

 (
Conclusion
)

Step 5: Evaluate
1. The teacher evaluates students by observing their answers to the given questions, their behaviors when they work individually and in group, and their presentations in the front of the class.
2. The teacher checksthe result of experiment :Modeling Coastal Erosion.
3. The teacher checksExercise 3.1 from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change.
      4. Together, students and the teacher conclude the lesson plan about water disasters as follows,“Water disasters from surface water are flooding, coastal erosion, a landslide, a sinkhole, and subsidence. They have different processes and effects. Flooding occurs because of continuous rainfall. Coastal erosion occurs because of streams and wind. A landslide occurs because of the movement of large amount of rocks and soils from the high landscapes. A sinkhole is a hole on the ground caused by the collapse of the soil layer below it. Subsidence is the sudden sinking or gradual downward settling of the ground's surface.”

10.  Assessment and Evaluation
	Indicators List
	Method
	Tool
	Criteria

	10.1Midcourse Evaluation
3) Water Disasters
	

- Check Exercise 3.1
	

- Exercise 3.1
	

- Pass mark: 60%


		2) Presentation
	- Evaluate the presentation
	- Presentation Evaluation Form
	- Pass mark: Quality level 2

		3) Learners’ behavior when they work in group
	- Observe learners’ behavior when they  work in group
	- Observation Form (for learners’ behavior when they  work in group)
	- Pass mark: Quality level 2

		4) Performance
	- Evaluate the performance
	- Performance Evaluation Form
	- Pass mark: Quality level 2

	5) Desired Characteristics
	- Observe learners’ self-discipline, avidity for learning, and dedication and commitment to work
	- Desired Characteristics Evaluation Form
	- Pass mark: Quality level 2




Lesson Plan 13
Learning Area: Science, Subject: Science
Level: Secondary 2
Lesson Plan: Coal, Duration: 1 hours


1.Learning Standards
Standard SC 3.2 	Understanding of components and interrelationship of Earth systems, changes under the subsurface of Earth, changes on the surface of Earth, natural disasters, weather and climate change including effect on living organisms, and environment


2.Indicators
SC 3.2 M.2/1  	Compare the process of formation, properties, applications, and the impacts of fossil fuel consumption, based on the gathered data.

3.	Learning Objectives
1. Be able to explain formation, properties and uses of coal. (K)
      2. Be able to compare properties of all types of coal. (K)
      3. Be able to search for information about types of coal. (P)
      4. Be able to apply knowledge of coal in daily life. (A)

4.	Contents
	Compulsory Details
	Local-related Content

	· [bookmark: _Hlk52011046]Fossil fuels are hydrocarbons that were formed in the past from the remain of dead organisms by chemical and geological processes. Fossil fuels are coal, oil shale, and petroleum which are formed from different materials and origins. Therefore, their characteristics, properties and utilization are different. Petroleum must be separated through fractional distillation into usable petroleum products. Fossil fuels are non-renewable resources because they are used up and can be replaced in millions of years.	
	Consider from the institutional
curriculum.





Consider from the institutional
curriculum.




5.	Compulsory Details/ Summary
Fossil fuels are hydrocarbons that were formed from the remain of dead organisms over millions of years ago. Coal is one type of fossil fuel. Coal was formed from the accumulation of dead plants buried under layers of sedimentary rock and transformed into flammable rocks.

6.	Learners’ Key Competencies
    1. Communication Capacity
    2. Thinking Capacity
[bookmark: _Hlk52401618]		1) Identifying skill
		2) Searching skill
		3) Association skill
		4) Comparing skill
		5) Collaboration skill
		6) Information gathering skill
		7) Knowledge application skill
[bookmark: _Hlk52401688]		8) Classifying skill
    3. Capacity for Life Skills

7. Desired Characteristics
	1.	Self-discipline		
	2.	Avidity for learning		
	3. Dedication and commitment to work

8. Important Questions
       1. What are fossil fuels?
       2.What is coal?
       3. Give examples of utilization of coal. 


 (
1
st
 Hour
)
 (
Introduction
)
Step 1:Engage (
ขั้นนำ
)
[bookmark: _Hlk52628586][bookmark: _Hlk52754021]      1. The teacher shows the video about coal formation, asks students to stimulate their interest, and to share their opinions freely using engaging question as follows,“How do humans utilize coal?”
          (Suggested Answer: Humans use coal as a source of energy for dily-life activities.)
2. The teacher asks students using following engaging question, “What are objects used as sources of energy?”
(Suggested Answer: Coal, oil shale, crude oil, battery, liquefied petroleum gas (LPG)) 

 (
Teaching
)

Step 2:Explore
1. Assign students to study information about coal formation from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change, or scan QR Code: How Coal Is Formed, then record the conclusion of what they have learned in their personal notebooks.
2. Put students into ten groups with the same number of members. Assign them to study information about types of coal from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change, or other sources such as internet and library. Below are topics for studying.
· Group1-2: Peat
· Group 3-4: Lignite 
· Group 5-6: Subbituminous
· Group 7-8: Bituminous
· Group 9-10: Anthracite
3. Students in each group discuss and conclude what they have learned, then record the conclusion in their personal notebooks.

 (
2
nd
 Hour
)
Step 3:Explain
4. Each group of students comes in front of the class to present the result of their studying. The teacher adds more suggestions as he/she sees fit.
5. Together, students and the teacher discuss coal to draw the conclusion as follows, “The dead plants buried under different layers of sedimentary rocks transform into different types of coal as follows:
1) Peat: peat is not coal but it will be transformed to be coal under the right condition. Plant matter such as roots, stems and leaves can be seen in peat.
2) Lignite: lignite is brown coal that formed over longer time than peat. Some plant matter can be seen in lignite. 
			3) Sub-bituminous: it is black coal that has been buried for a longer time than lignite. There are both soft and hard sub-bituminous. 
			4) Bituminous: it is black coal that has been buried for a longer time than sub-bituminous. It has high content of carbon and gives off high amount of energy when burned. 
5) Anthracite: it is highest quality coal that has been buried for the longest time. It is black, hard, dense, shining. It has the lowest moisture, gives off the highest energy, and burns cleanly with very little soot.”
6. Students observe the table of coal properties. The teacher tests their understanding by write the table of coal types on the board, then calls few students randomly to draw an arrow depicting the content of carbon and moisture in each type of coal.

	Type of coal
	Carbon content
	 (
High
)Moisture content

	Peat
	 (
High
) (
Low
)
	 (
Low
)

	Lignite
	
	

	Sub-bituminous
	
	

	Bituminous
	
	

	Anthracite
	
	



7. The teacher asks the classmates to consider and discuss if the answer is correct before he/she reveals the answer.
8. The teacher calls on 3-4 students randomly to give examples of uses of coal in daily life, at least one example per person.
(Suggested Answer: The examples of uses of coal can be producing semicoke, activated charcoal, urea fertilizer, and crude oil.)
9.The teacher asks students to discuss and share their opinions, using engaging questions as follows.
· Where is the source of coal in Thailand?
   (Suggested Answer: The north of Thailand.)
· What is the type of coal found most in Thailand?
(Suggested Answer: Lignite, sub-bituminous, and bituminous.) 

Step 4: Elaborate
     10.The teacher provides an opportunity for students to ask questions about coal. The teacher adds extra explanations as he/she sees fit.
11. Assign students to do Exercise 4.1 from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change.

 (
Conclusion
)

Step 5: Evaluate
1. The teacher evaluates students by observing their answers to the given questions, their behaviors when they work individually and in group, and their presentations in the front of the class.
2. The teacher checksExercise 4.1 from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change.
      3. Together, students and the teacher conclude the lesson plan about coal as follows,  “Coal is fossil fuel. It is sedimentary rock formed from dead plant buried under layers of sedimentary rock over a long time until it transformed into coal. There are many types of coal: peat, lignite, sub-bituminous, bituminous, and anthracite. There two ways to use coal; to be used as fuels and to be used for other purposes.”


10.  Assessment and Evaluation
	Indicators List
	Method
	Tool
	Criteria

	10.1Midcourse Evaluation
4) Coal
	

- Check Exercise 4.1
	

- Exercise 4.1
	

- Pass mark: 60%

		2) Presentation
	- Evaluate the presentation
	- Presentation Evaluation Form
	- Pass mark: Quality level 2

		3) Learners’ behavior when they work in group
	- Observe learners’ behavior when they  work in group
	- Observation Form (for learners’ behavior when they  work in group)
	- Pass mark: Quality level 2

		4) Performance
	- Evaluate the performance
	- Performance Evaluation Form
	- Pass mark: Quality level 2

	5) Desired Characteristics
	- Observe learners’ self-discipline, avidity for learning, and dedication and commitment to work
	- Desired Characteristics Evaluation Form
	- Pass mark: Quality level 2





Lesson Plan 14
Learning Area: Science, Subject: Science
Level: Secondary 2
Lesson Plan: Oil Shale and Petroleum, Duration: 3 hours


21. Learning Standards
Standard SC3.2	Understanding of components and interrelationship of Earth systems, changes under the subsurface of Earth, changes on the surface of Earth, natural disasters, weather and climate change including effect on living organisms, and environment

22. Indicators
SC3.2 M.2/1	Compare the process of formation, properties, applications, and the impacts of fossil fuel consumption, based on the gathered data.


3.		Learning Objectives
1. Be able to explain the formation, properties and applications of oil shale and petroleum. (K)
2. Be able to compare formation, properties, and applications of oil shale. (K)
3. Be able to analyze the process of crude oil distillation. (K)
4. Be able to search for information about oil shale and petroleum. (P)
5. Be able to apply the knowledge of oil shale and petroleum in daily life. (A)

4.	Contents
	Compulsory Details
	Local-related Content

	· Fossil fuels are hydrocarbons that were formed in the past from the remains of dead organisms by chemical and geological processes. Fossil fuels are coal, oil shale, and petroleum which are formed from different materials and origins. Therefore, their characteristics, properties and utilization are different. Petroleum must be separated through fractional distillation into usable petroleum products. Fossil fuels are non-renewable resources because they are used up and can be replaced in millions of years.
	Consider from the institutional
curriculum.






5.	Compulsory Details/ Summary
Oil shale is a fossil fuel, formed from the remains of dead organisms millions of years ago. It can be burned. Petroleum is a natural fossil fuel and a mixture of hydrocarbons. Petroleum exits in two forms: crude oil and natural gas. Petroleum must be separated through fractional distillation into usable petroleum products before use. Burning fossil fuels causes air pollution because the process produces large quantities of carbon dioxide and nitrogen oxide. The presence of these gases in the air causes acid rain, global warming, and climate change.

6.	Learners’ Key Competencies
1. Communication Capacity
2. Thinking Capacity
		1) Identifying skill
		2) Exploring skill
		3) Association skill
		4) Comparing skill
		5) Collaboration skill
		6) Information gathering skill
		7) Knowledge application skill
		8) Classifying skill	
	3. Capacity for Life Skills

7. Desired Characteristics
	1.	Self-discipline		
	2.	Avidity for learning		
	3.Dedication and commitment to work

8. Important Questions
       1. What is oil shale and petroleum?
       2.What is the difference between oil shale formation and petroleum formation?
       3. Give examples of uses of oil shale and petroleum.

 (
1
st
 Hour
)
 (
Introduction
)
Step 1:Engage
1. The teacher shows students an oil shale card,asks students to stimulate their interest, and to share their opinions freely using engaging questions as follows.
· What is the characteristic of the rock in the card?
(Suggested Answer: It is dense sedimentary rock. It is brown or dark brown with black thin lines.)
· What is the difference between the rock in the card and coal?
		(Suggested Answer: Coal has dark color, but oil shale has kerogen lines in the rock itself.) 
2. The teacher shows video about oil shale to the students. 

 (
ขั้นสอน
) (
Teaching
)

Step 2:Explore
1. Pair students with their classmates. Assign them to study how oil shale is formed and uses of oil shale from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change.
2. Students in each pair discuss and conclude what they have learned, then record the conclusion in their personal notebooks.

Step 3:Explain
3. The teacher calls on four pairs of students randomly to come in front of the class to present the result of their studying. The teacher adds more suggestions as he/she sees fit.
4. Together, students and the teacher discuss how oil shale is formed, to draw the conclusion as follows, “Oil shale is fossil fuel formed from dead organisms under layers of sediment. Under the condition of high pressure and temperature, the dead organisms decomposed and slowly transformed into a waxy substance called kerogen. When kerogen mixes with sediment, it will become oil shale.”
5. The teacher calls on two students to give at least one example of utilization of oil shale.
(Suggested Answer: Oil shale can be burned as a fuel and a building material.) 

 (
2
nd
 Hour
)
Step 2:Explore
6. The teacher shows cards of transportation types, asks students to stimulate their interest, and to share their opinions freely using engaging questions as follows,
· According to the cards, do you think that the same fuels are used for the land, water, and air transportation?
(Suggested Answer: We use different fuels such as different types of oil and gas.)
· What are daily-life activities that require petroleum fuels? 
(Suggested Answer: It depends on students’ answers. The answer can be driving cars, cooking, lighting a lamb.) 
7. Put students into groups of 4-5people up to their preferences. Assign them to study how petroleum is formed and types of petroleum from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change, orother sources such as internet and library. 
8. Students in each group discuss and conclude what they have learned, then record the conclusion in their personal notebooks
 (
3
rd
 Hour
)


Step 3:Explain
9. The teacher calls on four groups of students randomly to come in front of the class to present the result of their studying. Below are topics for presentation. 
· How petroleum is formed
· Types of petroleum
10. During presentation, the teacher adds more suggestions as he/she sees fit.
11. The teacher adds extra explanation as follows, “Petroleum is natural fuel. It is formed mainly from marine organisms. Millions of years ago, marine animals and plants died and were buried under the ocean floor. The high pressure and temperature transformed the remains into natural gas and crude oil.”
12.The teacher asks students to discuss and share their opinions freely by using engaging questions as follows.
· How is petroleum formed?
(Suggested Answer: Petroleum is formed mainly from marine organisms. Millions of years ago, marine animals and plants died and were buried under the ocean floor.)
· How do we explore petroleum?
(Suggested Answer: Exploring petroleum requires advanced technology and high budget. There are three steps to explore petroleum: searching for rock formations associated with oil or natural gas deposits, geophysical prospecting, and/or exploratory drilling.)
· How many types of petroleum are there? What are they?
(Suggested Answer: There are two types of petroleum: crude oil and natural gas.)

Step 4: Elaborate
13. The teacher provides an opportunity for students to ask questions oil shale and petroleum. The teacher adds extra explanations as he/she sees fit.
14. Assign students to draw a diagram depicting crude oil distillation, and to write petroleum products from the distillation on A4 paper with design and decoration.
15. Assign students to do Exercise 4.1 from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change. 

 (
Conclusion
)

Step 5: Evaluate
[bookmark: _Hlk52627913]1. The teacher evaluates students by observing their answers to the given questions, their behaviors when they work individually and in group, and their presentations in the front of the class.
2. The teacher checks work piece: a diagram depicting crude oil distillation, and petroleum products from the distillation.
3.The teacher checks Exercise 4.1 from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change.
[bookmark: _Hlk51536698][bookmark: _Hlk52763490]4. Together, students and the teacher conclude the lesson plan about oil shale and petroleum as follows,“Oil shale is natural fuel, formed from dead organisms under layers of sediment millions of years ago. Petroleum is also natural fuel. It is a mixture of hydrocarbon. There are two types of petroleum: crude oil and natural gas. To utilize petroleum, process of distillation is required to get petroleum products for different uses.”

10. Assessment and Evaluation

	Indicators List
	Method
	Tool
	Criteria

	10.1Midcourse Evaluation
5) Oli Shale and Petroleum
	

- Check Exercise 4.1
	

- Exercise 4.1
	

- Pass mark: 60%


		2)Presentation
	- Evaluate the presentation
	- Presentation Evaluation Form
	- Pass mark: Quality level 2

		3)Learners’ behavior when they work in group
	- Observe learners’ behavior when they  work in group
	- Observation Form (for learners’ behavior when they  work in group)
	- Pass mark: Quality level 2

		4)Performance
	- Evaluate the performance
	- Performance Evaluation Form
	- Pass mark: Quality level 2

	5)Desired Characteristics
	- Observe learners’ self-discipline, avidity for learning, and dedication and commitment to work
	- Desired Characteristics Evaluation Form
	- Pass mark: Quality level 2




Lesson Plan 15
Learning Area: Science, Subject: Science
Level: Secondary 2
Lesson Plan: Effects of Using Fossils Fuels, Duration: 3 hours


23. Learning Standards
StandardSC 3.2 	Understanding of components and interrelationship of Earth systems, changes under the subsurface of Earth, changes on the surface of Earth, natural disasters, weather and climate change including effect on living organisms, and environment
24. Indicators
SC 3.2 M.2/2 	Realize the effects of using fossil fuels by introducing the guidelines on fossil fuel consumption
3.	Learning Objectives
[bookmark: _Hlk52758809]1. Be able to explain effects of using fossil fuels. (K)
      2. Be able to suggest guidelines to utilize fossil fuels. (P)
      3. Realize the effects of using fossil fuels. (A)

4.	Contents
	Compulsory Details
	Local-related Content

	Burning fossil fuels in daily-life activities causes air pollution and affects living things, including environment. In addition, some gases like carbon dioxide and nitrogen oxide cause greenhouse effect, which contributes to severe climate change. Therefore, using fossil fuels must be considered regarding to effects on living things and environment. For example, we can choose alternative forms of energy or technologies that require less fossil fuels.
	Consider from the institutional
curriculum.











5.	Compulsory Details/ Summary
Burning fossil fuels causes air pollution because the process produces large quantities of carbon dioxide and nitrogen oxide. The presence of these gases in the air causes acid rain, global warming, and climate change.

6.	Learners’ Key Competencies
    1. Communication Capacity
    2. Thinking Capacity
		1) Exploring skill
		2) Association skill
		3) Collaboration skill
		4) Information gathering skill
		5) Knowledge application skill
	    3. Capacity for Life Skills

7. Desired Characteristics
	1.	Self-discipline		
	2.	Avidity for learning		
	3. Dedication and commitment to work

8. Important Questions
       1. What are effects of using fossil fuels? 
       2.What are causes of acid rain, greenhouse effect, and smoke pollution? 


 (
1
st
 Hour
)
 (
Introduction
)
Step 1: Engage
    1. The teacher shows video about greenhouse effect, and starts conversation with students about the cause of greenhouse effects and smoke pollution.
       2. The teacher asks students to stimulate their interest, and share their opinions freely by using engaging question as follows: “What are effects of using fossil fuels?” 
         (Suggested Answer: It depends on the teacher’s discretion such as toxic smoke,CO2, global warming.)
 (
ขั้นสอน
) (
Teaching
)

Step 2 :Explore
1. Assign students to explore effects of using fossil fuels in their local areas and record in their personal notebooks.
2. Pair students with their classmates. Assign them to study effects of using fossil fuels from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change, or other sources such as internet and library.
3. Students in each pair discuss and conclude what they have learned, then record the conclusion in their personal notebooks.
Step 3:Explain
4. The teacher calls on five students randomly to come in front of the class to present the result of exploration of using fossil fuels in the local areas. The teacher adds more suggestions as he/she sees fit.
5. Together, students and the teacher discuss to draw the conclusion as follows, “Burning fossil fuels produce large quantity of carbon dioxide which leads to greenhouse effect. Greenhouse effect contributes global warming. Additionally, When the gas reacts with water in the air, it causes acid rain which destroyed plants in the farm and buildings.”
6. The teacher asks students using following engaging question,“What are guidelines of using fossil fuels?” 
(Suggested Answer: It depends on the teacher’s discretion. The answer can be using solar cell instead of using fossil fuels to generate electricity.) 

Step 4: Elaborate
7. Put students into groups of four people up to their preferences. Assign them to search for information about case study of Mae Moh Power Plant Units and its effects form learning resources such as internet and library. Students analyze and explain the effects of the incident and also suggest guidelines to use fossil fuels on A4 paper.
8. The teacher provides an opportunity for students to ask questions about effects of using fossil fuels. The teacher adds extra explanations as he/she sees fit.
9. Assign students to do mind mapping: Effects of Using Fossil Fuels, in A4 paper and submit to the teacher in the next class. 

 (
Conclusion
)

Step 5: Evaluate
	1. The teacher evaluates students by observing their answers to the given questions, their behaviors when they work individually and in group, and their presentations in the front of the class.
2. The teacher evaluates mind mapping: Effects of Using Fossil Fuels.
3. Together, students and the teacher conclude the lesson plan about effects of using fossil fulels as follows,   “Fossil fuels are used up and non-renewable. It takes very long time to reproduce fossil fuels. Moreover, the effects of using fossil fuels are severe. The examples of those effects are global warming, acid rain, flash flooding from climate change, ruining natural resources from the process of drilling. Nowadays, there are factories possess clean coal technology to control pollution from using fossil fuels. In addition, alternative forms of energy such as solar cell, wind energy, and hydropwer become options.”


10.  Assessment and Evaluation

	Indicators List
	Method
	Tool
	Criteria

	10.1Midcourse Evaluation
6) Effects of Using Fossils Fuels
	

- Check work piece, mind mapping: Effects of Using Fossil Fuels
	

- Work piece Evaluation Form
	

- Pass mark: Quality level 2

		2) Presentation
	- Evaluate the presentation
	- Presentation Evaluation Form
	- Pass mark: Quality level 2

		3) Learners’ behavior when they work in group
	- Observe learners’ behavior when they  work in group
	- Observation Form (for learners’ behavior when they  work in group)
	- Pass mark: Quality level 2

		4) Performance
	- Evaluate the performance
	- Performance Evaluation Form
	- Pass mark: Quality level 2

	5) Desired Characteristics
	- Observe learners’ self-discipline, avidity for learning, and dedication and commitment to work
	- Desired Characteristics Evaluation Form
	- Pass mark: Quality level 2




Lesson Plan 16
Learning Area: Science, Subject: Science
Level: Secondary 2
Lesson Plan: Alternative Forms of Energy, Duration: 3 hours


25. Learning Standards
StandardSC3.2	Understanding of components and interrelationship of Earth systems, changes under the subsurface of Earth, changes on the surface of Earth, natural disasters, weather and climate change including effect on living organisms, and environment

26. Indicators
SC3.2 M.2/3	Compare the benefits and limitations of each alternative form of energy, based on the gathered data, and introduce guidelines for using the alternative form of energy in the way that is appropriate for the local area.

3.		Learning Objectives
1. Be able to describe each alternative form of energy. (K)
2. Be able to compare the pros, the cons, and the limits of each alternative form of energy.(K)
3. Be able to suggest the appropriate alternative form of energy in the local area.(P)
4. Realize the effects of using fossil fuels. (A)
5. Be able to apply the knowledge of alternative forms of energy in daily life. (A)

4.	Contents
	Compulsory Details
	Local-related Content

	· [bookmark: _Hlk52760449]Fossil fuels are main energy resources in daily-life activities. However, the amount of fossil fuels are limited and they causes pollution. Therefore, the alternative forms of energy become an option, such as, solar energy, wind energy, hydropower, biomass, tidal energy, geothermal energy, and hydrogen energy. Each form of energy has specific pros and cons.
	Consider from the institutional
curriculum.





Consider from the institutional
curriculum.




5.	Compulsory Details/ Summary
Light and heat from the sun is used to produce electricity. Wind energy is natural form of energy relying on temperature and pressure conditions, used to produce electricity. Hydropower is a form of energy, used to rotate water turbines as water flows. Biomass is plant and animal material which is used to generate energy. Tidal energy is the great potential energy from tides, converted into electricity. Geothermal energy occurs when Earth's tectonic plates move. The rocks and underground aquifers are heated up with heat and high pressure, then release hot water through cracks. This heat can be used to generate electricity. Hydrogen energy is used as a fuel in fuel cells, internal combustion engines, and used to produce electricity.

6.	Learners’ Key Competencies
1. Communication Capacity
2. Thinking Capacity
		1) Identifying skill
		2) Association skill
		3) Comparing skill
		4) Collaboration skill
		5) Information gathering skill
		6) Knowledge application skill
		7) Classifying skill
3. Capacity for Life Skills

7. Desired Characteristics
	1.	Self-discipline		
	2.	Avidity for learning		
	3.Dedication and commitment to work

8. Important Questions
       1. What are alternative forms of energy?
       2.Give at least three examples of alternative forms of energy.


 (
1
st
 Hour
)
 (
Introduction
)
Step 1:Engage
1. The teacher reviews the knowledge from the previous hour about effects of using fossil fuels by using engaging question as folows, 
· Give examples of effects of using fossil fuels.
(Suggested Answer: It depends on the teacher’s discretion. For example, the effect from burning fuels can be acid rain and greenhouse effect.) เช่น 
2. Give examples of electrical appliances in students’ houses.
(Suggested Answer: It depends on the teacher’s discretion such as fan, air conditioner, and washing machine.) 
3. The teacher shows video about what would happen if there is no electricity, asks students to stimulate their interest, and to share their opinions freely using engaging question as follows.  
· How do you live if there is no electricity?
(Suggested Answer: It depends on students’ opinions.)
· What do you do to resolve problem of lacking electricity?
(Suggested Answer: We can use natural energy or alternative form of energy.) 
 (
ขั้นสอน
) (
Teaching
)

Step 2:Explore
1. Assign students to study alternative forms of energy from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change, or other sources such as internet and library. Assign them to choose one type of alternative forms of energy, record the conclusion of the energy on A4 paper with design and decoration.

Step 3:Explain
2. The teacher calls on seven students to come in front of the class to present the result of their studying, following the given topics as mentioned below.
· Solar energy
· [bookmark: _Hlk52623412]Wind energy
· Hydropower
· Biomass
· Tidal energy
· Geothermal energy
· Hydrogen energy
3. During presentation, the teacher adds more suggestions as he/she sees fit.
4. Together, students and the teacher discuss and conclude to draw the conclusion as follows, “Alternative forms of energy is renewable energy, and they can be reproduced in short time. Below are types of alternative forms of energy. 
1. Solar energy is energy that can be converted to electricity. The device for conversion is the solar cell. 
1. [bookmark: _Hlk52623208]Wind energy is the natural energy that applies principle of air pressure. Humans invented wind turbines to utilize wind energy to convert mechanical energy to be electricity. 
1. [bookmark: _Hlk52623216]Hydropower is the energy of fast running water. It is used to rotate water turbines for electricity generation or drive industrial machines.
1. [bookmark: _Hlk52623226]Biomass is energy from plant and animal material. It can be transformed into biogas or biofuel.
1. [bookmark: _Hlk52623236]Tidal energy is another form of hydropower that converts the potential energy from tides into electricity. 
1. [bookmark: _Hlk52623255]Geothermal energy is the heat generated and stored below the Earth’s surface. The rocks and underground aquifers are heated up with heat and high pressure, then release hot water through cracks. This heat can be used to generate electricity.
1. [bookmark: _Hlk52623267]Hydrogen energy is used as a fuel in fuel cells, internal combustion engines, and used to produce electricity”

 (
2
nd
 Hour
)
Step 2:Explore
5. Assign students to study the pros, the cons and the limits of alternative forms of energy from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change, or other sources such as internet and library.
6. Pair students with their classmates up to their preferences .Students in each pair analyze and compare the pros, the cons, and the limits of each form of alternative energy, then record the conclusion in their personal notebooks to submit to the teacher before the end of class.

Step 3:Explain
7. The teacher calls on 3-4 students randomly to come in front of the class to present the result of their studying. The teacher adds more suggestions as he/she sees fit.
8. Together, students and the teacher discuss the pros, the cons, and the limits of alternative forms of energy, to draw the conclusion as follows “Most of alternative forms of energy have common advantage, which are clean, natural, and renewable in a short time. However, each form of alternative energy has different disadvantages as follows, 
1) The disadvantage of solar energy is it is not reliable because it depends on the concentration of sunlight in each day. 
2) The disadvantage of wind energy is the speed of the wind must be fast (21 km/hour) enough to rotate the wind turbines. It also requires high budget to invest, especially in a place that has wind with that speed.
3) The disadvantage of hydropower is the requirement of very large area to build a dam and high budget for the investment.
4) The disadvantage of biomass is it is difficult to keep. The smell of biomass can be disturbing or even air pollution.
5) The disadvantage of tidal energy is the environment for the device because the seawater may form rust on the devices and damage its function.
6) The disadvantage of geothermal energy is it is found only in some areas. The smell of geothermal energy is very strong because of Sulphur and ammonia.
7) The disadvantage of hydrogen energy is the budget for the investment is rather expensive.”
9. The teacher asks students using following engaging question, “What is the form of alternative energy for electricity generation?”
(Suggested Answer: Solar cell and electricity generating bicycle.)
10. The teacher asks students to discuss and share their opinion using following engaging question, “What is the difference and similarity between fossil fuels and alternative forms of energy?”
(Suggested Answer: The similarity between them is they all are sources for energy. The difference between them is the condition of renewable. Fossil fuels are used up, but alternative forms of energy are renewable.) 

Step 4: Elaborate
11. The teacher provides an opportunity for students to ask questions about alternative forms of energy. The teacher adds extra explanations as he/she sees fit.
12. Assign students to do Thinking Skill Activity from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change.

 (
3
rd
 Hour
)

Step 4: Elaborate
13. Assign students to do Learner Development Test from Mastering Science Work-Textbook Secondary 2B,Learning Unit 6: Earth and Its Change.
14. Students do post-test, Learning Unit 6: Earth and Its Change, to assess students’ understanding after class.
15. Assign students to make mind mapping: Earth and Its Change, by applying the knowledge from Learning Unit 6: Earth and Its Change. Design and decorate the work piece in A4 paper.


 (
Conclusion
)

Step 5: Evaluate
1. The teacher checks post-test, Learning Unit 6: Earth and Its Change, to recheck students’ understanding after class.
2. The teacher evaluates students by observing their answers to the given questions, their behaviors when they work individually and in group, and their presentations in the front of the class.
3. The teacher checks Thinking Skill Activity from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change.
4. The teacher checksLearner Development Test from Mastering Science Work-Textbook Secondary 2B, Learning Unit 6: Earth and Its Change.
5. The teacher evaluates mind mapping: Earth and Its Change.
6. Together, students and the teacher conclude the lesson plan about oil shale and petroleum as follows, “Alternative forms of energy is renewable energy, and they can be reproduced in short time. There are many types of alternative forms of energy as follows, Solar energy, wind energy, hydropower, biomass, tidal energy, geothermal energy, hydrogen energy.”





10. Assessment and Evaluation
	Indicators List
	Method
	Tool
	Criteria

	10.1Midcourse Evaluation
1)Alternative Forms of Energy
	
- Check work piece, mind mapping: Earth and Its Change.
	
- Work piece Evaluation Form
	
- Pass mark: Quality level 2

		2)Presentation
	- Evaluate the presentation
	- Presentation Evaluation Form
	- Pass mark: Quality level 2

		3)Learners’ behavior when they work in group
	- Observe learners’ behavior when they  work in group
	- Observation Form (for learners’ behavior when they  work in group)
	- Pass mark: Quality level 2

		4)Performance
	- Evaluate the performance
	- Performance Evaluation Form
	- Pass mark: Quality level 2

	5)Desired Characteristics
	- Observe learners’ self-discipline, avidity for learning, and dedication and commitment to work
	- Desired Characteristics Evaluation Form
	- Pass mark: Quality level 2

	10.2
Postcourse Evaluation
- Post-test
		Learning Unit6: Earth and Its Change
	
- Check Post-test
	
- Post-test
	
· Pass mark: 60%
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