PURPOSE
Students will test three types of solar cookers in order to analyze the variances in their efficiency. The students will record and compare the solar cookers heating capabilities. They will use spreadsheets to perform conversions between Fahrenheit and Celsius degree measurements to help them to understand their relationship. Further, students would appreciate the handiness, uncomplicatedness and cost effectiveness of using the sun light as source of energy. The student will be able to determine which solar cooker is more efficient.

LESSON DETAILS
This activity will be focused on grades six, seven and eight. The lesson theme is physics and it is a hands-on field activity that requires four days of instruction and field practice. 

Objectives
According to The Texas Essential Knowledge and Skills (TEKS, 2009) for Science this activity fosters the following areas of the activity focus population.
· Sixth grade students will collect and analyze data using scientific methods and tools. They will record information and analyze it to make educated conclusions using their problem-solving abilities and critical thinking skills. In addition, they will incorporate the use of technology during their web search for the appropriate lesson information; they will also utilize their data organization and computation skills when using spreadsheets.    
A. 112.18 Introduction: 
B) Energy resources are available on a renewable, non-renewable, or indefinite basis.
B. 112.18 Knowledge and skills:
Demonstrate safe practices during field investigations as specified in the Texas Safety Standards. The students should employ comparative and explanatory investigations by making interpretation of their observed phenomena.  They should be able to formulate a hypothesis. Further, they should be able to collect and record data to test their hypotheses along the use of equipment and technology. 
· Seventh grade students will incorporate ethical and safe practices during their solar cooking activity.
A. 112.19 Introduction
4A) Scientific investigation and reasoning.
[bookmark: _GoBack]4B) Understand the intensity and importance of the sun energy in the living systems.
B. 112.19 Knowledge and skills
Demonstrate safe practices during field investigations as declared in the Texas Safety Standards.  Students should be able to execute experimental activities, to collect and record the data as well as to analyze it using graphs, tables and to formulate educated explanations to communicate valid conclusions. 
· Eighth grade students will incorporate ethical, safe practices and inquiry during their solar cooking activity.
       A. 112.20 knowledge and skills.
Demonstrate safe practices during field investigations as declared in the Texas Safety Standards.  The students should demonstrate knowledge of safety equipment (fire blanket and fire extinguisher) and be trained to use it in case of an emergency situation. Students should use scientific inquiry methods during their field investigations. They should be able to follow instructions (direct learning process) and perform comparative experimental activities, to collect and record the data to organize it into tables and graphs that will allow them to analyze it and identify patterns and communicate valid conclusions. The student should use appropriate tools (thermometers, computers, and timing devices) during their collection, record and analysis of the data.  
INTRODUCTION
This lesson uses the sunlight, which is a free renewable energy source, to explore the solar cookers’ efficiency and convenience to cook food with it as source of energy. Students would utilize both suns light directly and reflected depending on the cooker design.  Obscure cookery tools absorb heat energy more efficiently while a glass lid traps the heat inside. Further, a shadowy lightweight pot would be the best cooker (Lesson Plans Directory, 2010).  The students will work with the following non-industrial solar cookers’ models and measure their temperatures at different times for each of them:
1. A reflective box cooker,
2. A cone shaped cooker, and
3. A black box cooker.


Commercial solar ovens’ cooking times are usually similar to those drawn by conventional ovens and they can reach a temperature of 450F as well. These home-made ovens’ would only reach up to 250F when exposed to constant sunlight. Cooking times for food like hotdogs and nachos will be between one and two hours. Vegetables and bread will take about three to four hours. Across the activity students will draw conclusions for a better understanding about the heat process and efficiency of the different models (SECO, n.d.).

SAFETY
According to the Texas Safety Standards (2000) for grades 3-8 science investigations in the field occurs in the school grounds such as this activity will happen. The following items should be present during this activity to comply with the guidelines provided by the Texas Safety Standards and with the Texas Accessibility Standards (TAS) while it takes place. 1) A portable first aid kit, 2) An ABC fire extinguisher 3) A fire proof blanket, 4) Fire retardant aprons for each participant of the activity, 5) Sun glasses for each participant of the activities and 6) Fire proof gloves for each participant of the activity.

· According to the Texas Accessibility Standards (TAS) a portable first-aid kit should be present during field activity including hands-on in the school field out of the classroom. TAS requires for students and teachers to be trained not only on how to find it but on how to use it (Collins, 2010).  
· Since these non-commercial sun cookers can reach 250°F, the student would be exposed to high temperatures. Students must be required to wear fire proof gloves and fire retardants aprons during their participation. 
· The fireproof blanket and the ABC fire extinguisher should be in place at eye level and made distinct with a sign for higher availability in case of an emergency. According to the TAS, type ABC fire extinguisher should be located in a radius no larger than 75 feet. They must be properly charged, checked quarterly, and marked with a sign. Further, there should keep log of maintenance and equipment check at sight next to each of item (Collins, 2006).  Teachers and students should be trained in their use. 
· The students will use sun glasses for their eye protection as instructed by chapters 38 and 295 of the Texas Safety Standards, caps and sun block cream will also recommended for using in outdoors activities to follow the suggested guidelines form the Texas Safety Standards. 
· Instruct the classroom aide personnel to never leave special needs students by themselves. 

MODIFICATIONS
The Public Law 105-17 and chapter 247 from the Code of Ethics and Standards Practice for Texas Educators supports the need of lesson modifications to serve special needs population (Texas Safety Standards, 2000). Teachers must be aware of the Individual Education Plan (IEP) designed for the special needs students to follow the Annual Review and Dismissal (ARD) committee recommendations to adjust the lesson plan to their needs and take advantage of their existing equipment in order to provide the same learning opportunity. The IEP if the students do not have sufficient equipment to be successful in the lesson you will need to implement some modifications to it. 
Educators should not only enlarge, illustrate, and emphasize the activity handouts for instructions and safety precautions, but also review this information one-to-one using sound enhanced equipment (adjustable volume, or speech rate) to accommodate the (hear or visual impaired) special students. 
· Further, the classroom should include graphic representations of the classroom safety protocol and detailed instructions for students during an emergency (CAST, 2011). 
Teachers need to clarify not only the lesson vocabulary and symbols but also those required for the safety of the activity.  Teachers and aides need to become familiarized to the National Center on Accessible Instructional Materials (AIM) to access formats needed by the special needs students in order to provide them a fair opportunity to access lesson content (CAST, 2011). 
· The instructor needs to provide the student with instructions handouts in Braille (request them in advance so they can be available for the students by the time of the activity). 
Make sure that all every student is receiving the same concept. Mathematical expressions, graphs and symbols should be incorporated during the explanations.  Special aide personnel (sign language interpreter) should be allocated to provide guidance across the instruction time and make accessible the information from the activity to special students. 
· AIM Explorer should be available in the computer software to provide students with the opportunity to customize their use of the internet according to their needs. This software is free and allows the user to magnify text and graphics. It also supports text to speech for human and synthetic voice and allows the user to adjust the speed. 
Every science teacher should master the WGBH’s Guidelines for describing STEM Images (CAST, 2011).  
· Written description of the activities following these guidelines should be available to the aide personnel to assist the blind student during the student’s instruction. 
In addition, educators need to provide specific instructions to the aide personnel and allocate some time for their special students to work on their homework activity under their supervision. This time will foster their inquiry and active participation in the lesson.

PLANNING AHEAD
The three non-commercial solar ovens should be available for the activity. Instruct students to explore the different models of solar cookers, and the literature in reference to its construction on line. Also, ask the students to research about Fahrenheit/Celsius conversions. It would be helpful for the students’ better understanding to request them to investigate about the benefits of using the sun as a source of energy.
Review the safety contract (Appendix D: Safety Forms) with the students and ask them to take it home for their parents’ signature at least one week in advance. Ask them to review it with their parents to make clear what the risks of the activity will be and what commitments are the students accepting by signing it. They should turn it in the next class after they receive it. If an owner of a non-commercial solar oven can be contacted, arrange him/her to bring it for a short demonstration before the activity takes place. To cook some hotdogs for the students to enjoy in the visitor’s oven will captivate the students’ attention.

ENGAGE (First Day)
Explain the students that this lesson will introduce them to understand the benefits of renewable sources and how efficient they can be by the construction of critical thinking along their participation in this lesson. Then start a discussion about the following inquiry: how can we use sunshine to cook food?  Are people around the U. S using the sun to cook? Which are the multiple benefits of solar ovens versus conventional ovens? If all students have not previously learned about them, ask those that have, to describe their understanding of solar ovens to those who haven't.
Ask the students to make a KWL (what they Know, what they Want to know and what they Learn) about the advantages of the solar ovens and include their names for credit. Then ask them to describe some of the advantages of solar ovens. Discuss which are accurate and clarify any misunderstanding. Ask if anyone has ever used one and request them to share their experiences. Did the food taste change? If so, how? Did the food appearance change? If so, how? Is it practical to cook under the sun? Will you try it not only at camping but at your homes too? This activity will take about 20 minutes.

EXPLORE/EXPLAIN
Take the students into the computer laboratory and instruct them about the regulation for internet safety and how it is supported in the district, then request them to read the passage Cooking with the sun located in page six through eight at http://www.infinitepower.org/pdf/No17%2096-817B.pdf .  Request them to print datasheets in pages 9, 10, 13 and 14 from the previous website location. Then, instruct them to name and answer their printout from page 9 called Understanding the Reading Passage individually. This activity will assist them in understanding how the sun’s energy can be used to heat or cook our food. They also will learn the role played by the sun as an energy supplier and the importance of solar cooker designs in their efficiency. This individual activity will take 20 minutes. Finally, allow the student to finish their KWL before they turn it and their handout Understanding the Reading Passage in at the end of the class for ongoing evaluation.

EXPLORE/EXPLAIN (Second day)





Divide the class students in groups of three to work their data sheet Understanding the Relationship between Degrees Fahrenheit and Degrees Celsius at http://www.infinitepower.org/pdf/No17%2096-817B.pdf at page 10. They should have it printed already. Instruct the students where the freezing and boiling points are on a Fahrenheit and Celsius thermometer respectively (Freezing points: 32F and 0C) (Boiling points: 212F and 100C). Guide them across the handout activities and help them to develop the equation to convert Fahrenheit to Celsius degrees (). Assign on the board five-temperature data sets that will be used by the students to practice the equation that they have developed.  Make sure that the opportunity for the students to use the equation to solve for both variables F and C is provided. Allow them to show their work at the board for this last assignment. This group activity would take 40 minutes. They will turn in this activity for ongoing evaluation before they leave the classroom. According to the Texas Safety Standards (2000), students should be instructed to have their hair tie back, not to wear jewelry in their hands, and wear closed shoes that protect their feet the next day for the field activity. 

		ELABORATE/EXPLORE (Third day)
Review the safety guidelines before students conduct the laboratory; ask them if they have any question about any of the guidelines before to continue with the activity. Double check that all the participants follow the safety instructions provided the day before. Appoint one student to be responsible for reaching the ABC fire extinguisher in case of fire and one student to set a portable emergency station (a first aid safety kit and a fire proof blanket) with the appropriate label and acknowledge the entire group about these items location and use. Students should take the following precautions before and during the activity.
· Apply sun block before they walk out from the classroom into the sunny area.
· Wear sunglasses, at all times, to safeguard their eyes from a bright reflection. 
· Wear caps, to protect their faces from the sun.
· Use fire retardant aprons during the whole activity.
· Use fire retardant gloves during the temperature readings.
· Remove the sun cookers from the sun and wait 15 minutes before take them down.


Review the activity instructions and check the activity materials before students leave the classroom. Divide the class into three groups. Allow students to assign, within their group, who will be responsible for each step during the activity prior to leaving the classroom. Each group will be responsible to set up the solar cooker, take time between their temperature readings, and take down one solar cooker. In order to achieve this activity each student must print out the data sheet at http://www.infinitepower.org/pdf/No17%2096-817B.pdf page 13 and 14 which will be used to record their measurements. Make sure they have this printout before they go out for the field activity. Distribute 200ml of water at room temperature into the beakers and instruct the groups to take the required materials for this activity outside of the classroom (three cookers, three 250 ml beaker filled with water at room temperature, timers, sunglasses, and thermometers C). While the activity takes place educators must maintain order and enforce the safety rules. Monitor the field area, observing the students work and input necessary information for the students’ success. Students should complete the following: 1) Position their cookers to get the maximum sun light, 2) Place the thermometer tip in the water inside the beaker, 3) Carefully insert the beaker in the solar cooker 4) Measure the initial temperature, 5) Start the timer and 6) Take temperature readings every two minutes and record them in their data sheet.  This activity will take 40 minutes of student work and 15 minutes to comply with safety guidelines.  Assign the student to full fill the missing data form the previous activity as homework assignment and make clear that it will be collected at the beginning of the next class session as part of their ongoing evaluation. Once the three groups have finished their readings, instruct them to share their measurements and finish the questions included in the datasheet where they recorded their data as homework.

EVALUATION (Fourth day)
The following day, teach them to access Microsoft Office Excel. This activity will take 30 min. Students can access Excel by following these steps: 
1. Open windows start menu and click the windows icon to access the list of available computer software, 
2. If the software is not there then click on “All the programs tab”, 
3. Select the Microsoft Office tab and click it,
4. Select the Microsoft Excel spreadsheet, 
5. Write a title for your excel data table at the second row
	          DATA TABLE : Measured Temperature Readings from the Solar Cookers  in Celsius ˚C
	
	
	
	
	








6.	Write seven columns: 	Time, Temperature Cooker #1(C), Temperature Cooker #1(F), Temperature Cooker #2(C), Temperature Cooker #2(F), Temperature Cooker #3(C), Temperature Cooker #3(F) 
7.	Write eight rows specifying the time intervals at which the temperatures were taken, and one for the total temperature change occurred during the activity. 
                       

8. 	Write the conversion formula that you develop earlier during this activity for converting ˚C into ˚F ()

  9.	Copy this formula and paste it in all the remaining rows in the column C
10.  Write a formula to subtract the first temperature in the column from the last one in the total temperature            change row. (=B11-B4), and copy it for all seven columns, last row.

11.  Type in all the temperature measurements in the corresponding column. The spreadsheet will automatically calculate the total change of temperature. Here you can ask students to check their calculations for the total change of temperature at each solar cooker against the ones calculated by the spreadsheet. 
   
12.  Pay attention to the temperature conversions (Celsius to Fahrenheit). The spreadsheet should be programmed to calculate the conversion as the temperatures are type in. 
13. Students check the calculations from the spreadsheet for each cooker in the table. Temperatures in Fahrenheit must agree with the data calculated for the homework assignment from the previous day. 
14. Finally, students determine and justify which solar model is the most efficient based on the observations made during the hands-on activity. Students must turn in a print out of the finished spreadsheet for evaluation along with their findings about the solar ovens’ efficiency. STUDENTS DO NOT FORGET TO WRITE A CLEAR AND CONCISE JUSTIFICATION OF YOUR FINDINGS
                                                                              
EXTENSIONS
Students can attempt to create two graphs using their temperature readings, one for Fahrenheit and one for Celsius.   
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Appendix A
To my Colleague
	Experiences as cognitive processes are particular to every human individual. Morrison, Robbins and Rose (2008) particularly support that engagement of students in learning activities is created concurrently connecting their in-school instruction and their out-school experiences. Furthermore, the National Science Teachers Association (NSTA, 2000) defines as “high quality science instruction” the inclusion of students in field activities; with this in mind, it is patent  that hands-on and field learning activities are indispensable to enrich and foster inquiry learning.  Further, Masingila, Samson, and Kimani (2010) affirm that in-school mathematics attains power when the students realize the connections to their out-school experiences.  Hand-on experiences will provide the student with a personalized lesson where they –as inquiry learners- will create their own understanding, and based on their observations they will be able to create justifications for it. 

This activity asks students to work in three groups to explore the potential of a solar oven. It will support an indirect –inquiry- learning approach. The teacher will be the facilitator providing materials and some guidance when needed, while allowing the students to construct their own inquiry that will be aligned to the learning expectations for the activity. Students will formulate a hypothesis (or several hypotheses) about the solar cooker efficiency, follow safety guidelines, set the cookers under the sunlight looking for best performance,  start the timers,  take data, convert it via hand calculations, enter it into an excel spreadsheet, verify results, analyze them, create justifications, and make conclusions which may reject or confirm their hypotheses. Students must be advice about the importance of this activity and the expectations for this activity.  Make clear that inquiry is not about play but about creating a personal understanding that would help them to foster science understanding.  It requires the students to be prepared to work in teams using efficiently their time, remaining focused and being aware of active learning through making questions and answering others questions. Students will work at their highest cognitive level.

	Be prepared with all the material required for every student’s participation in this activity. Do not forget to instruct the special aid about the IEP instructions for the special need students. Be prepared in advance. Do not wait until the day before to prepare the materials needed for the activity. Follow the lesson plan and be prepared to make any modification to ensure the success of the activity.

· The implementation of the BSCS 5E instructional model is crucial to guarantee the success of this activity. This model provides the teacher with a coherent sequential instruction and fosters in the student natural inquiry promoting depth scientific understanding and enhancing their technological knowledge and abilities (Bybee et al., 2006). The model provides the teacher the flexibility and structure to modify it without affecting the lesson content.

Engaging the students is one of the most important issues of hands-on activities; this will ensure the success or failure of the whole setting. The first day activity requires special planning.  Make sure to enhance the activity for students with special needs.
· The lesson experience should be accessible for the students through multiple channels such as vision, hearing and touch. To accomplish this, teachers must provide the lesson information in multiple representations that will be adjusted by the users according to their needs (CAST, 2011). 

Ask participants to read the lesson passage and discuss their hypotheses. This process will engage the students’ previous experience and connect their exploration to the outside world.

According to Lewis (1986), this activity fosters the use of ethics in science classrooms which should promote students’ analytical skills and encourage their ability to rationalize and justify their opinions. In addition, Resnik (1993) declares that the use solar technology is part of being ethical to our society; he also states that preventing plagiarism is part of ethical principles. Moreover, being ethical requires not only to follow the law but to teach others to respect and pursue it. Take the students into the computer laboratory and instruct them about:

· The regulation HB 3171, Section 38.023 related to Internet safety and how the districts are working together to protect the students (TEA, 2013). 

· Copyright is intended to shield original property (TEA, 2013). 

· Piracy is the unauthorized download audios, videos, and images or using written work without given proper credit to the author (TEA, 2013).  

According to the NSTA (2000) teachers and school districts must adopt safety standards, provide safety equipment for each science activity. Furthermore, teacher must enforce the safety requirements and review them with the students before the beginning of the hands-on activity. 

This lesson plan follows the 5E model that provides the teacher with the versatility necessary to face the unexpected without losing the concept content and providing the structure for properly assessing the students. It fosters and promotes the inquiry of the student along the whole activity. Also, this lesson the student will have opportunity for improving and testing their arithmetic knowledge. Along the hand-made calculations the student will encounter the opportunity to learn how to program basic operations in excel.

Equally important, the teacher has the opportunity to enhance his/her teaching ethics not only enforcing safety guidelines but also promoting the use of solar technology that shows the student to be responsible to society.  Furthermore, he/she can be an example for the students by being ethical and serving the special needs population with the same love and dedication than the rest of students. Not only because it is required by law but to foster an environment of equal opportunities for the students. Be an example for the students by being ethical and serving the special needs population with the same love and dedication than the rest of students. 
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          DATA TABLE : Measured Temperature Readings from the Solar Cookers  in Celsius ˚C
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