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Internal Assessment Resource

Earth and Space Science Level 2

	This resource supports assessment against:

Achievement Standard 91187 version 2
Carry out a practical Earth and Space Science investigation

	Resource title: The heating effect of the Sun at different angles

	4 credits

	This resource:

· Clarifies the requirements of the standard

· Supports good assessment practice

· Should be subjected to the school’s usual assessment quality assurance process

· Should be modified to make the context relevant to students in their school environment and ensure that submitted evidence is authentic


	Date version published by Ministry of Education
	February 2015 Version 2

To support internal assessment from 2015

	Quality assurance status
	These materials have been quality assured by NZQA.

NZQA Approved number: A-A-02-2015-91187-02-5475

	Authenticity of evidence
	Teachers must manage authenticity for any assessment from a public source, because students may have access to the assessment schedule or student exemplar material.

Using this assessment resource without modification may mean that students’ work is not authentic. The teacher may need to change figures, measurements or data sources or set a different context or topic to be investigated or a different text to read or perform.


Internal Assessment Resource

Achievement Standard Earth and Space Science 91187: Carry out a practical Earth and Space Science investigation

Resource reference: Earth and Space Science 2.1B v2
Resource title: The heating effect of the Sun at different angles
Credits: 4
Teacher guidelines

The following guidelines are designed to ensure that teachers can carry out valid and consistent assessment using this internal assessment resource. 

Teachers need to be very familiar with the outcome being assessed by the Achievement Standard Earth and Space Science 91187. The achievement criteria and the explanatory notes contain information, definitions, and requirements that are crucial when interpreting the standard and assessing students against it.

Context/setting

This assessment activity requires students to investigate the heating effect of different angles of the Sun over a selected period of time. 

The angle and/or the type of measurement surface could be changed for a wider investigation.

It is a good idea to carry out this investigation at a time of the year when there is a reliable number of sunny days, or over a number of weeks.

Conditions

Students can carry out an investigation that is a fair test, a pattern-seeking investigation, or an investigation that has aspects of both. You may provide background information about Sun angles.

The time this assessment takes will depend on whether angle measurements are taken several times over a few days, or a once a day for several weeks. If the former, the time needed would be 2 - 3 weeks. This would not include any pre-teaching about Sun angles.

Students can work in groups or as individuals to develop a method and collect reliable raw data. However, the written report and logbook must be done individually. 

Students will record their progress in a logbook. You may need to tell students how to use a logbook. The logbook may be written up on a computer.

You can make sure students’ work is authentic by:

· regularly checking logbooks

· setting milestones 

· conducting interviews as required.

Students must hand in their logbook with their final report so that raw data can be checked and points clarified. 

Resource requirements

Background resources on Sun angles can be provided by the teacher.

The sites below provide ideas. Some may appear simple but will give direction. 

http://astro.uchicago.edu/cara/southpole.edu/angle.html 

http://www.teachersdomain.org/resource/ess05.sci.ess.earthsys.lp_seasons/ 

http://asd-www.larc.nasa.gov/SCOOL/TeacherSheet.ps.pdf  - copy and paste into the web browser
http://www.makeitsolar.com/science-fair-ideas/02-angle-light.htm. 

Additional information

All safety requirements must be stated clearly on the student instructions sheet. 

Students need to take extreme care when they are measuring angles.

The Sun must never be looked at directly. Students must determine the direction of the Sun by the direction of shadows on the ground.

Internal Assessment Resource

Achievement Standard Earth and Space Science 91187: Carry out a practical Earth and Space Science investigation

Resource reference: Earth and Space Science 2.1B v2
Resource title: The heating effect of the Sun at different angles
Credits: 4
	Achievement
	Achievement with Merit
	Achievement with Excellence

	Carry out a practical Earth and Space Science investigation. 
	Carry out an in-depth practical Earth and Space Science investigation. 
	Carry out a comprehensive practical Earth and Space Science investigation. 


Student instructions

Introduction

The angle of the Sun changes during the day and through the seasons. This change affects the amount of heat falling onto the Earth’s surface. This assessment activity requires you to investigate the heating effect of the Sun at different angles over a selected period of time. You must keep a logbook during your investigation and prepare a final report. You will need to hand in both to your teacher for assessment.
You will be assessed on how well you have processed and interpreted the data you have collected and explained the Earth and Space science related to your investigation.

You can work in groups or as individuals to develop a method and collect raw data. The rest of the assessment must be done on your own.

You may carry out a fair test, a pattern-seeking investigation, or an investigation that has aspects of both. 

Teacher note: You may want to provide the students background resources or class notes on the heating effect of the sun at different angles. 
You will also need to provide the students with any necessary equipment.

This assessment may be done at different times of the day or the year.

Follow ALL safety instructions given to you by your teacher.
NEVER look directly at the Sun. You must determine the direction of the Sun by the direction of shadows on the ground. 
Your teacher will show you how to keep a logbook. (See Resource A for a list of what you need to include in your logbook.) This may be kept on a computer. Your teacher may ask to see your logbook during the investigation.
Task

Part A: Conduct background research and develop the method

You may do this in small groups or individually. 

· Read and study the background material given to you by your teacher or that you have researched. Think about the times of day or year when you may want to carry out this investigation, and how you will measure the Sun’s angles.

· Write a purpose for your investigation.
· Write a method for your investigation that relates to the purpose by describing:

· the valid range for the key variable

· the valid measurement of the key variable

· how other variables will be managed

· how reliable raw data will be collected.
· Trial your method and/or use the four bullet points above to make sure it will give you valid and reliable raw data. If necessary, make changes to your method.

· In your logbook, write up how you confirmed your method or discuss the changes you have made to it.
· If you are working in a group, write in your logbook how your ideas helped develop the method the group decided on.
Part B: Collect data

This part may be done in groups or individually. 

· Collect valid and reliable raw data by following your method. 

· You may change the method as you collect the data. Make sure that you record in your logbook any changes and the reasons for them. 
· Record the raw data in your logbook. 

· If you are working in a group, write in your logbook how you contributed towards the collection of data. 

Part C: Write the report.

This part must be done individually. 

Your report should show how you processed and interpreted the data you collected, explain how your method allowed you to collect reliable data, and explain the Earth and Space Science related to your investigation.

Your report must contain:

· A statement of purpose of your investigation.
· Your final method which describes:

· a range for the key variable

· how the key variable was measured

· how other variables were managed

· how reliable raw data was collected.
· The collected raw data consistent with the final method as recorded in your logbook (remember to hand in your logbook with your report). 

· The recording and processing of reliable raw data that is relevant to the purpose of your investigation.
· Your interpretation of the processed data in order to draw a valid conclusion related to the purpose of the investigation.
· An explanation of how the method allowed for reliable raw data to be collected.
· Your explanation in detail of the science related to the investigation.
Resource A

The logbook should contain:

· notes on how you developed your method

· the results of any trials of the method

· notes on changes to the method and the reasons these were made

· the unprocessed raw data that was collected

· a record of the contribution you made to any group work

· working notes on:

· what you did to ensure the validity* and reliability* of the results

· any factors beyond your control that affected the method and results 

· any errors made in the method that may have affected results

· science ideas that can be used in the report. 


* Validity of data means that the method is designed carefully enough so that:
· all realistic sources of error are managed 

· the key variable(s) to be manipulated (changed) have a valid range 

· there is accurate measurement of the relevant key variable(s), within realistic tolerance limits if necessary. 

* Reliability of data means that the results are repeatable, and that the same results are obtained each time. This doesn’t necessarily mean that the results are accurate or correct, just repeatable and consistent.

Assessment schedule: Earth and Space Science 91187 The heating effect of the Sun at different angles
	Evidence/Judgements for Achievement
	Evidence/Judgements for Achievement with Merit
	Evidence/Judgements for Achievement with Excellence

	The student has carried out a practical Earth and Space Science investigation. The student’s logbook and report demonstrate that they have:

· stated a purpose arising from a scientific context
· developed a method that describes:
· the range for the key variable

· how the key variable is measured

· the management of other variables

· the collection of raw data

· collected raw data that is consistent with the method
· recorded and processed raw data relevant to the purpose
· interpreted the processed data to draw a conclusion related to the purpose of the investigation
· described the Earth and Space science related to the investigation
· reported on the investigation.
For example:
Purpose

To determine how the change in angle of the sun affects the air temperature.

Method

· I chose an area in front of the classroom to do my experiment.

· I made a piece of apparatus to measure the angle of the sun and another piece to measure the air temperature.
(diagrams or photos of apparatus needed here)  

· I set up the apparatus to measure the angle of the sun’s shadow. The apparatus was set up at 90° to the surface of the asphalt and parallel to the classroom wall. 

· I chose a fine day with no clouds and decided to measure the angle of the sun at 9 am, 10 am, 11 am, 12 pm, 1 pm, 2 pm, and 3 pm, I measured the angle of the sun using a protractor. 
(range for key variable)
· At the same time, I measured the air temperature using the apparatus containing the thermometer. (how key variable measured)
· I made sure that:

· I measured the angle exactly the same way with the protractor
· the apparatus with the thermometer was not used near a surface such as asphalt that would give off heat

· the thermometer was always parallel to the ground but not touching the ground

· no clouds came over the sun and there was no wind.
(management of other variables)

· I collected reliable raw data by taking several measurements at the same time. 
(collection of reliable raw data)


Results

A table showing the data of the angle of the sun and the air temperature recorded for each time of the day is provided. (This shows collection of reliable raw data.)

The measurements for each angle are averaged. (This raw data is consistent with the method.)

The data is recorded in a table or some other appropriate method, and averaged if more than one thermometer or data set has been used for the same time. The data is put onto a graph showing air temperature (x axis) vs. time of day.
Conclusion
The air temperature increases as the sun angles get higher. The air temperature then decreases as the sun angle gets lower again.

The Earth and Space Science ideas described
As the sun gets higher in the sky during the day, the energy strikes the surface at a more direct angle. This means that the air becomes hotter. As the sun gets lower in the sky, the energy strikes the surface at a less direct angle and the air temperature goes down.
	The student has carried out an in-depth practical Earth and Space Science investigation. The student’s logbook and report demonstrate that they have:

· stated a purpose arising from a scientific context
· developed a method that describes:
· the range for the key variable
· how the key variable is measured

· the management of other variables
· how valid raw data is reliably collected
· confirmed the original method or refined the method to increase the validity and reliability of collected data
· recorded and processed raw data relevant to the purpose
· interpreted the processed data to draw a valid conclusion related to the purpose of the investigation
· explained the Earth and Space science related to the investigation
· reported on the investigation.
For example:
Purpose

To determine how the change in angle of the sun affects the air temperature.

Method

· I chose an area in front of the classroom to do my experiment.

· I made a piece of apparatus to measure the angle of the sun and another piece to measure the air temperature.
(diagrams or photos of apparatus needed here)  

· I set up the apparatus to measure the angle of the sun’s shadow. The apparatus was set up at 90° to the surface of the asphalt and parallel to the classroom wall. 

· I chose a fine day with no clouds and decided to measure the angle of the sun at 9 am, 10 am, 11 am, 12 pm, 1 pm, 2 pm, 3 pm, and 4 pm. I measured the angle of the sun using a protractor. (range for key variable)
· At the same time I measured the air temperature using the apparatus containing the thermometer. (how key variable measured)
· I made sure that:

· I measured the angle exactly the same way with the protractor
· the apparatus with the thermometer was not used near a surface such as asphalt that would give off heat

· the thermometer was always parallel to the ground but not touching the ground

· no clouds came over the sun and there was no wind.
(management of other variables)

· I collected reliable raw data by taking several measurements at the same time. 
(collection of raw data)

I trialled my method to make sure that it worked. As a result, I improved my method by the following ways. 

· At first, I was only measuring the sun angle every hour from 9 am to 4 pm but I decided to include 7 am, 8 am, 4 pm, 5 pm, 6 pm, and 7 pm. 
(valid range)

· My apparatus to measure the sun angle was a bit flimsy so I make it again with stiff cardboard instead of paper so I could measure the angle more accurately.
· At first, I was taking the temperature too close to an asphalt surface which was already too hot from the sun. I changed to taking it over grass. 
(valid measurement)

· I also decided to repeat the experiment on adjacent days as well as taking more measurements at the time. 

Results

A table showing the data of the angle of the sun and the air temperature recorded for each time of the day is provided. (This shows collection of reliable raw data.)

The measurements for each angle are averaged. (This raw data is consistent with the method.)

The data is recorded in a table or some other appropriate method, and averaged if more than one thermometer or data set has been used for the same time. The data is put onto a graph showing air temperature (x axis) vs. time of day.
Conclusion
The air temperature increases from 9am until 1pm as the sun angles get closer to 90°. The air temperature then decreases from 1 pm to 4 pm as the sun angle decreases towards 0° again.

The Earth and Space Science ideas explained

As the sun gets higher in the sky during the day the energy strikes the surface at a more direct angle. This means that the air becomes hotter as the sun’s energy is concentrated in a small area. As the sun gets lower in the sky the sun’s energy is spread over a larger area and the air temperature goes down.
	The student has carried out a comprehensive practical Earth and Space Science investigation. The student’s logbook and report demonstrate that they have:

· stated a purpose arising from a scientific context
· developed a method that describes:
· the range for the key variable

· how the key variable is measured

· the management of other variables

· how valid raw data is reliably collected

· confirmed the original method or refined the method to increase the validity and reliability of collected data
· recorded and processed raw data relevant to the purpose
· explained in detail how the method allowed for reliable data to be collected
· interpreted the processed data to draw a valid conclusion related to the purpose of the investigation and the relevant science

· explained in detail the Earth and Space science related to the investigation
· reported on the investigation.
For example:
Purpose

To determine how the change in angle of the sun affects the air temperature.

Method

· I chose an area in front of the classroom to do my experiment.

· I made a piece of apparatus to measure the angle of the sun and another piece to measure the air temperature.
(diagrams or photos of apparatus needed here)  

· I set up the apparatus to measure the angle of the sun’s shadow. The apparatus was set up at 90° to the surface of the asphalt and parallel to the classroom wall. 

· I chose a fine day with no clouds and decided to measure the angle of the sun at 9 am, 10 am, 11 am, 12 pm, 1 pm, 2 pm, 3 pm, and 4 pm. I measured the angle of the sun using a protractor. (range for key variable)
· At the same time I measured the air temperature using the apparatus containing the thermometer. (how key variable measured)
· I made sure that:

· I measured the angle exactly the same way with the protractor.
· the apparatus with the thermometer was not used near a surface such as asphalt that would give off heat

· the thermometer was always parallel to the ground but not touching the ground

·  no clouds came over the sun and there was no wind.
(management of other variables)

· I collected reliable raw data by taking several measurements at the same time.
(collection of raw data)

I trialled my method to make sure that it worked. As a result, I improved my method by the following ways. 

· At first, I was only measuring the sun angle every hour from 9 am to 4 pm but I decided to do it every ½ hour to increase the amount of my data. 
(valid range)

· My apparatus to measure the sun angle was a bit flimsy so I make it again with stiff cardboard instead of paper so I could measure the angle more accurately.
· At firs,t I was taking the temperature too close to an asphalt surface which was already too hot from the sun. I changed to taking it over grass. 
(valid measurement)

· I also decided to repeat the experiment on adjacent days as well as taking more measurements at the time.
Results

A table showing the data of the angle of the sun and the air temperature recorded for each time of the day is provided. (This shows collection of reliable raw data.)

The measurements for each angle are averaged. (This raw data is consistent with the method.)

The data is recorded in a table or some other appropriate method, and averaged if more than one thermometer or data set has been used for the same time. The data is put onto a graph showing air temperature (x axis) vs. time of day.
Conclusion
The air temperature increases from 9am until 1pm as the sun angles get closer to 90°. The air temperature then decreases from 1 pm to 4 pm as the sun angle decreases towards 0° again.

How the method ensured reliable data was collected

I increased the range of sun angles to give me a better spread throughout the day. 
I improved the apparatus to give an exact 90° for the upright part, and I moved the apparatus to face the suns direction as the day progressed
Initially I was using the thermometer over asphalt but I wasn’t getting good readings. I realised that the asphalt was absorbing too much heat because it is black so I moved the thermometer over grass instead.
I repeated the method on 3 adjacent days so that the day length is the same. Because they were done at the same place they were done at the same latitude.

The Earth and Space Science ideas explained in detail
As the sun gets higher in the sky during the day, the energy strikes the surface at a more direct angle. This means that the air becomes hotter. As the sun gets lower in the sky, the energy is spread over a larger area and the air temperature goes down.

Repeated measurements were taken on adjacent days so that the season (summer) and day length wouldn’t change by very much. As the Earth moves around the Sun, the relationship of the tilt of the earth to the sun changes and therefore the angle of the sun hitting the earth changes at the same time of the day. 


Final grades will be decided using professional judgement based on a holistic examination of the evidence provided against the criteria in the Achievement Standard. 
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