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Tracking a solar storm
Introduction

In order to help integrate a lesson, I started with a concept map to define the topics that can be covered as part of a unit that is currently being taught.  The lesson uses methodological integration focusing on the scientific processes and mathematics standards (Davison, 1995).  The science topic is Earth-Sun connections in an overarching theme of “Patterns and Functions” for my sixth grade math class.  
I used “backwards design” or “Understanding By Design” (Wiggins and McTighe,1998) for determining the outcomes I want from the unit. It is a collaborative guided inquiry unit based on the question: How does the sun vary? Other questions that students will explore as part of future lessons are: “How does the sun affect the earth?”; “How do we measure the effects of the sun’s eruptive events?” and “How does the sun affect technology?” 

 This unit is called “How Does the Sun Vary?” which is part of a series of lessons integrating NASA resources. The unit starts with an introduction to sunspots and other solar disruptions. Then students explore websites, collect data, and plot the data over a 30 day period. Next students use Excel to make a scatter plot and see a function that is not necessarily linear, but that exhibits a trend over time as they analyze what happens in the solar cycle. The students will use Voice Thread to communicate their research findings and analysis of their data.

The next two lessons are “Solar Feature Details” and “How Fast Does the Sun Spin?” both adapted from space math. The Solar Feature Details lesson has its own rubric. The math content covered by both of these lessons include working with decimals, scale, geometry, unit conversions, and the last lesson has the distance, rate, time formula.

Finally, students prepare documents for the culminating SUN symposium. They will create a final piece that shows their interpretation of how the sun varies using one of the following: a short essay; a poem; poster/drawing; graphic organizer; or another approved format.

Grade Level: Developed for 6th grade but appropriate for grades 6-8

Time: 4-6 weeks (if including Sunspot Collection duration); Students will take turns finding the data and displaying it on the board for everyone to record and plot at the beginning of each class (5 minutes).  Class time used is approximately 11, 50 minute periods for the unit over the course of 4-6 weeks.
Standards:
The following standards and processes for math and science are incorporated into the unit.

Scientific processes:


Observing

Communicating

Using numbers

Measuring

Predicting

Inferring

Interpreting data

Testing hypothesis

Using time relationships

Using space relationships
Mathematics Standards:

Problem Solving

Communication

Reasoning

Connections

Estimation

Geometry and spatial sense

Number sense and numeration

Measurement

Statistics and probability

Patterns and relationships

Table 1: “How does the sun vary?” lesson objectives, standards, Bloom’s taxonomy level alignment

	Objectives of “How does the Sun Vary?” unit
 Students will:
	Standards
	Bloom’s

	Identify sunspots and use resources to find actual data  


	SCIENCE (NSES, 1996): Unifying concept: Evidence, models, and explanation.

Earth in the solar system
	Knowledge
Application

	Locate sunspots on a sun map using latitude and longitude (science, math, social studies)


	Use visualization, spatial reasoning, and geometric modeling to solve problems (Geometry,NCTM)


	Analysis

	Collect data on the number of sunspots for 30 days (science, math)


	Statistics and Probability; Patterns and relationships
	Knowledge

	Create a scatter plot with the data (math)


	Use appropriate tools strategically (NCTM process standard) 

Attend to precision (NCTM process standard)


	Analysis

	Analyze the scatter plot and describe trends or patterns ; Use Voice Thread to discuss analysis and answers from research questions (science, math).

	Understand that a set of data collected to answer a statistical question has a distribution which can be described by its center, spread, overall shape. (CCSS Grade 6)


	Comprehension

Application

Analysis

	Compare their prediction to data of the previous solar cycle and make observations (science, math)


	Reason abstractly and quantitatively.(CCSS)


	Synthesis

	Calculate mean, median, and mode of the sunspot number data
	Attend to precision (NCTM process standard)

Statistics and Probability

Develop understanding of statistical variability.
Summarize and describe distributions.

	Application


ASSESSMENT AND RUBRIC
In order to help determine student mastery of objectives and activities for the lesson, the assessments were put into a rubric and scored on a scale of 0 (non-performance) to 3(exemplary).  The purpose of the scoring is formative in nature and intended to give students feedback on where they are with their understanding. The rubric scoring will also provide feedback to the teacher to identify areas of misconception, confusion, or required skill review. 

The students should review the rubric to understand the expectations for each of the lessons. Each assessment is aligned with the objectives of the lessons (see Table 1). The assessments were created to address a variety of Bloom’s higher order thinking skills.

As part of the project’s elaborate and evaluate stages, students will prepare for a SUN symposium giving their interpretation of ‘How the Sun Varies’. They will prepare one of the following: a short essay; a poem; poster/drawing; graphic organizer; or another approved format. This will be for a summative grade and can be done in pairs or independently.

	How does the sun vary?

Performance Tasks
	0

Non-performance


	1

Basic
	2

Proficient
	3

Exemplary



	Drawings of solar spot locations
	Incorrectly placed sunspot locations
	Placed some of the locations correctly
	Placed most of the locations correctly
	Placed all of the locations correctly and labeled properly and neatly

	KWL chart facts and questions
	Did not add facts or questions to chart
	Added one or two 
	Added 2-3 questions and facts; work is legible
	Added more than 3 facts and questions; neat work

	Calculated mean sunspot number for 30 days
	Did not find mean
	Calculated incorrectly
	Calculated correctly
	Calculated correctly and showed steps neatly

	Recorded data and created Excel spreadsheet with scatter plot 
	Data not recorded; No spreadsheet
	Most Data recorded; No spreadsheet
	Not All data recorded or Excel scatter plot incomplete
	All data recorded neatly and Excel scatter plot complete

	Voice Thread used to explain analysis of data and research facts (1-2 minutes)
	No Voice Thread or less than 1 minute
	Incomplete analysis of data and research facts
	Mostly complete analysis and research facts; fair presentation of information
	Analysis and research facts show good understanding Nice presentation of information.

	Sunspot Cycle worksheet
	Incomplete
	Mostly Completed with several mistakes
	Complete with some mistakes; legible
	Completed  neatly with correct answers

	Predictions for solar cycle 24
	Cannot predict 
	Predicts with assistance but doesn’t understand


	Prediction on graph shows some understanding of the cycle
	Independently makes prediction  on graph and demonstrates understantding

	Elaborate understanding of how the sun varies (Score is multiplied by 4 for final assessment grade)
	Insufficient evidence of understanding
	Provides some facts and understanding of the dynamics of the sun
	Provides evidence with facts, uses numbers appropriately, includes data analysis
	Same as 2, neatly organized and easy to read


Procedure and Unit Plan:
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	Stage 1 – Desired Results

	Objectives :  
To identify sunspots and resources to find actual data (science and math)
 To locate sunspots on a sun map using latitude and longitude (science, math, social studies)
To collect data on the number of sunspots for 30 days (science, math)
To create a scatter plot with the data (math)
To analyze the scatter plot and describe trends or patterns (science, math)
To compare their data to data of the previous solar cycle and make observations (science, math)
To calculate mean, median, and mode of the sunspot number data (math, science)


	Students will understand that…
· experimental data often result in linear relationships

· there are dependent and independent variables

· a slope is the rate of change of data

· sometimes data is predictable based on history
Students will know…
· Recorded sunspot numbers for solar cycle are the ‘mean’ value for the month of the daily recorded sunspot numbers
· Where to find the information on solar activity

· The difference and relationship between sunspots, solar flares and coronal mass ejections.
Students will be able to… 

· Collect data and use patterns in tables and graphs to make predictions.

· Recognize relationships and trends in data from a table and a graph.
· Use patterns to solve mathematical and applied problems.
· Plot sunspot locations using latitude and longitude map (social studies integration)

· Estimate size (area) of sunspots based on the size of the sun

· Communicate their analysis of the data and their research

	Essential Questions: 
How does the sun vary? (NASA  BIG questions under heliophysics)
· How can we set up tables to help collect data and then analyze it?

· How do graphs helps us identify relationships between variables?

· What are some relationships that we use commonly in math and science? (i.e. formulas)

· What is the implication of patterns in data?

· How can you predict outcomes using a graph?



	Stage 2 – Assessment Evidence

	Performance Tasks:

· KWL facts and questions

· Data collection of sun spot data for 30 days as a class
· Use Voice Thread to explain their analysis of the data and their research findings 
· Completion of worksheet on solar cycles

· Excel spreadsheet and scatter plot

· Predictions of solar cycle 24
· SUN symposium document
	Other Evidence:

· Assessment using rubric 
· Solar Surface Features worksheet and rubric
· How fast does the sun spin worksheet

	Stage 3 – Learning Plan

	Introduction: How does the sun vary?
Introduction to the SUN (Day 1)
Tracking Sunspots (Day 2, Day 3, Day 5, Day 6)
Sunspot Cycles (Day 4)
Engage: ( Day 1)

1. Show clips on sunspots, solar flares and coronal mass ejections. Use Space Weather Action Center to show today’s views of the sun. (http://www.spaceweather.com/)  

2. Ask students to try to guess how often sunspots occur. Let them write their numbers down on a piece of paper anonymously. 
3. Create a KWL chart to show what students know and would like to learn and what they learn about the sun and or sunspots. Keep this displayed in the room so students can add new information to it during the unit (they should label with their name anything that they add). Each partner pair will be assigned two questions to research. These questions will be reported using Voice Thread. (see Day 6). Teacher should have additional questions to help stretch students who need enrichment and to accommodate students who need additional support.
4. Show students examples of each of the solar activities to help with understanding of the differences.
Use Power Point presentation  Sunspot lecture and presentation at : http://cse.ssl.berkeley.edu/SegwayEd/lessons/exploring_magnetism/in_Solar_Flares/s4.html#act1
5. Use the SOHO site to pull up live images of sunspots at http://sohowww.nascom.nasa.gov/sunspots/
This site gives students the opportunity to discuss relative sizes of sunspots (compared to Earth and Jupiter), scale, and to introduce the SOHO classroom with basic information about the sun.
Explore: (4 class periods)

Suggested Day 2 (worksheets and images found at SOHO site below)

1. Do the following activity at the SOHO website. It models the process of collecting and plotting data for various sunspots using archived data over a 12 day period.  http://sohowww.estec.esa.nl/classroom/docs/Spotexerweb.pdf
Give students a copy of latitude and longitude maps (found in pdf) and ask them to try to identify the locations of the sunspots. 

2. When they are done, tell them that they will be monitoring the sun daily for the next month and recording data on the number of sunspots that are recorded by NASA.
Suggested Day 3
Students will need computer/internet access (at least one for each pair)

NOTE: It is recommended to start collecting data from the first of the month to help when comparing to NOAA resources which use a monthly ‘mean’ for recording sunspot cycle information.

1. Overview the different images of the current sun on Space Weather Action Center (SWAC) http://sunearthday.nasa.gov/swac/. Use “Sunspot Region data Collection” worksheet from the following site: http://sunearthday.nasa.gov/swac/materials/datacollection_sunspotregion_V4.pdf
2. Direct students to explore the site http://sunearthday.nasa.gov/swac/ to help answer questions that they have from the KWL. They can explore this site and on make a research note card for at least three new things that they learn about the sun, sunspots, or anything on the site.
3.  Ask students to locate information on the number of sunspots recorded each day for the previous week at  http://www.spaceweather.com/. 
4. Students should make a chart to collect the daily sunspot number for the previous week and the next 23 days.
Suggested Day 4
1. Give students the worksheet (NASA resource-http://spacemath.gsfc.nasa.gov/weekly/3Page35.pdf    sunspot cycle 23 worksheet)

2. They should work through the questions listed there in small groups.
3. Ask if students can predict what solar cycle 24 would look like. They should sketch a graph of their prediction.

4.When students have finished their graphs, show them the predictions made by scientists and let them read the article on solar cycle 24. Have students compare their predictions to that of the scientists.
http://science.nasa.gov/science-news/science-at-nasa/2009/29may_noaaprediction/
after research period is complete…

Suggested Day 5
1. At the end of the 23 days each student will find the ‘mean’ sunspot number for the month and create a scatter plot on Excel.
2. OPTIONAL: Many Eyes Visualizations may be used instead of Excel. It is a free resource found at the url: http://www-

 HYPERLINK "http://www-958.ibm.com/software/data/cognos/manyeyes/page/Tour.html" \t "_parent" 958.ibm.com/software/data/cognos/manyeyes/page/

 HYPERLINK "http://www-958.ibm.com/software/data/cognos/manyeyes/page/Tour.html" \t "_parent" Tour.html . There is a Youtube video showing how to use this software at  http://www.youtube.com/watch?v=aAYDBZt7Xk0
Suggested day 6
EXPLAIN: Each student or student pair, will communicate the results of their research and their analysis of the data in a voice thread (http://voicethread.com/) so others can learn new facts and compare their sunspot data. Students should include two questions that they had, the answers to the questions, and their analysis of the sunspot data. Some examples of questions may be: Did the number of sunspots change? Are the number of sunspots predictable? Are the sunspots counted each day new or are the same as from the previous day? Which satellites were used to learn facts related to the sun?(see rubric for voice thread expectations)
Suggested day 6 homework
ELABORATE: In order to prepare for a SUN symposium, students will review the voice threads of at least two other students in order to prepare to create a poster, a poem, an essay, a picture, or a graphic organizer to describe how the sun varies. This may be done in pairs or independently.
Suggested day 7and 8- Solar Surface Features Detail lesson (see detailed lesson below)
Suggested day 9- How Fast does the sun spin? See Lesson 4 at the site: http://spacemath.gsfc.nasa.gov/SMBooks/HinodeSMV2.pdf
Students read the introduction and solve the problems. These problems will require students to use the same skills as in the ‘Solar Features Detail’ lesson. Although there are only 3 questions, they are complex. I created a “Hint” sheet to work through the questions for those who need assistance. (See “How Fast Does the Sun Spin” HINT sheet below)
Suggested day 10 and 11 - SUN symposium preparation and presentation

Students will be given time in class to prepare their Sun symposium presentation
EVALUATE: Students will self evaluate their rubrics. As a class, they will be given the opportunity to revisit the KWL and view the SUN symposium creations. Any additional questions should be put onto a new Graffiti poster for future independent study as time allows.
Assessment:

Students use the rubric to self-assess before the teacher grades each phase of the project. The culminating project is the SUN symposium. 

	Stage 4 – Resources

	Web sites: 
www.NCTM.org; 
http://spacemath.gsfc.nasa.gov/
http://spacemath.gsfc.nasa.gov/weekly/3Page35.pdf    sunspot cycle 23 worksheet

http://www.swpc.noaa.gov/info/Cycle23.html    sunspot solar cycle 23 overview

http://science.nasa.gov/science-news/science-at-nasa/2009/29may_noaaprediction/
http://www.spaceweather.com/
http://www.swpc.noaa.gov/ftpmenu/forecasts/SRS.html   (sunspot summary)

http://sunearthday.nasa.gov/swac/

http://missionscience.nasa.gov/sun/index.html 

http://sohowww.estec.esa.nl/classroom/classroom.html
http://sohowww.estec.esa.nl/classroom/docs/Spotexerweb.pdf (teacher lead exercise)

http://www.npr.org/2012/03/08/148246572/solar-storms-impact-on-earth-weaker-than-predicted (NPR audio and transcript on solar storms)

	Stage 5 - STEM

	Embedded skills i.e., observation, data analysis, data presentation, measurement, technology, etc.
Integration of Science, Technology, Engineering, and Math: collecting and plotting data; making observations about physical science; collecting solar activity data; making predictions about solar data
Design Process: setting up the investigations to collect data

	Stage 6 – Integration across the Curriculum

	Language Arts and Social Studies- Use Research skills; Locate coordinates using latitude and longitude; essay or poem as part of summative assessment (optional)
Art- Poster or drawing to elaborate their understanding of how the sun varies (optional)


Solar Surface Features Detail Lesson Day 7

(Adapted from Space math @ NASA lesson)

PRODCEDURE AND METHODS


Time allocation: 90 minutes can be broken into two sessions: one session for  measurements and setting up data tables; and one session for creating spreadsheets and making comparisons. The extension activity should provide enough work for those students who finish early.

Materials and Resources required:

Color copy of “Solar Surface Detail” problem worksheet #3 for each student. This can be found at http://spacemath.gsfc.nasa.gov/SMBooks/HinodeSMV2.pdf
Drawing compass

Metric rulers

Calculator (optional) for finding/checking calculations of averages and ratios

Spreadsheet software (optional if technology is not integrated)

Graph paper (optional) for setting up tables

Globe, world atlas, and Access to internet (optional for Google Earth)

FIVE E LESSON PLAN TEMPLATE

Solar Surface Features

TYPE OF LESSON:   This is a guided activity that incorporates the opportunity for inquiry and challenge.

LEARNING GOAL:   To give students a science context in which their math skills are necessary. This involves metric measurement to define ratios of the real sun compared to an image, finding average sizes of solar features, and comparing the sizes to features of the Earth.

The KEY QUESTION is “What can I learn about the Sun from a picture?”  
ENGAGE:(10 min)
You are an astrophysicist who has been assigned the task of finding out more information about some odd features that have been noted in a photograph taken by a Vacuum Telescope and to write a summary of your findings in a short ‘report’. What kinds of information can you find from this picture? Ask students to try to identify patterns or features that they notice. They can work in groups to make a KWL chart on what they know and want to learn about the picture.  

EXPLORE: (20 mins)
Give the students a copy of the problem, Solar Surface Details, and have them read the introduction. Have them add new information to their KWL charts. Tell them that the report should have the answers to the questions and meet the requirements of NASA (see rubric). Next, give them the rubric to see what is expected of them as an astrophysicist when they are responding to the questions. They should clarify and ask questions with their groups. Each group should assign a supervisor to make sure that the rubric is being followed as they answer the questions. Allow students to move on to question 1 whenever they are ready. Let students try to establish scale in their groups. Prompt if needed by asking what they need to do in order to find the scale of the image in km/mm. Students should begin measuring the image to the nearest millimeter.

If students do not know how to find the scale, remind them that a “scale drawing” is a ratio of the original object to the scaled object. What will we compare to find the km/mm scale?

In their groups, each student should attempt to answer the questions on a separate sheet of paper. Teacher can circulate to answer questions as needed if groups are stuck. Remind students to look at the rubric to help with what is expected in terms of quality of responses.

EXPLAIN:(15 mins)
Students will explain their work for questions 1-5 in their groups and start writing their ‘reports’. Examples of  calculations will be documented on the Smart Board for the other ‘scientists’ to see and compare answers. Students should have tables with the data on each feature that they can compare to other groups.

ELABORATE:(20 mins)  
Students can now take the data they have recorded and put it into a spreadsheet. They can create formulas to check their answers from the previous problems on average sizes of the solar surface features. They should add this information to their report.

EVALUATE: (25 mins) When the spreadsheet is completed, students can work on question 6 and finalize their ‘report’.
	NASA Requirements for “Solar Surface Detail” Report
	1

Non-performance
(You are fired!)
	2

Basic
	3

Proficient
	4

Exemplary
(You get a bonus!)

	Ratio of actual size to measured size. Formula shown as part of question #1.
	No supporting evidence for establishing scale
	Scale ratio formula shown, but calculated incorrectly
	Scale ratio formula shown, calculated correctly
	Same as 3 but all units are labeled clearly

	Identification of the smallest feature.

Label at least two other examples of each feature for questions 2,3,4,5.


	Cannot identify
	Can identify 1 or 2 features
	Can identify 3 features
	Identifies all features with appropriate names

	Measure and compare/check work with others for questions 2,3,4,5
	Cannot measure to nearest mm; inaccurate 
	Measures but is inaccurate
	Measures accurately
	Measures accurately and assists others

	Record data for 3 or more of each solar features for questions 2,3,4,5.

Calculate average size for each feature.

 
	Data for only one of each feature; no calculation
	Data for 2 of each feature; some calculations
	Data for 3 of each feature; all calculations shown
	Data for more than 3 instances with correct calculations

	Create a spreadsheet to analyze the data and find average sizes of each feature for questions 2,3,4,5.

Compare to results from previous step


	No spreadsheet 
	Spreadsheet incomplete
	Spreadsheet complete
	Same as 3 with formulas for calculating average

	Calculate scaled Earth radius and use compass to draw.
	No drawing
	Incorrect radius
	Correct radius
	Circle is accurately placed and radius is labeled with units

	Use Google Earth, a globe or atlas to determine comparisons for question 6.
	Cannot identify comparisons
	Identifies with assistance


	Identifies one comparison correctly
	Independently identifies comparisons for all features


Guided inquiry HINT Sheet for “How Fast Does the Sun Spin?” lesson
Hint sheet for ‘How Fast does the sun spin?’  

Problem 1 - Using the information provided in the images, calculate the speed of the sun's

rotation in kilometers/sec and in miles/hour.

A. 
First, from the diameter of the sun's disk, can you calculate the image scale of each picture in kilometers per millimeter?

Diameter= ________ mm

Radius = _________ mm. 

B. 
Using the given information above, what is the Scale (km per mm?)

SCALE = radius in km / radius in mm

____________ km / ________ mm = ____________ km/mm

C. Now, how can you find the center of the sun disk?

D.  Locate the center of the sun and use this as a reference.

E. Place the millimeter ruler parallel to the sun's equator, measure the distance to the very bright 'active region' to the right of the center in each picture. 

F. Convert the millimeter measure into kilometers using the image scale (see B above).

Picture 1: June 8 distance = __________mm              

The actual distance = the measured distance in mm X  scale factor found in B


      = ______________   X ____________= ____________ km

 Follow the same steps as above for Picture 2; 

June 10 distance = ___________ mm 

The actual distance = the measured distance in mm X  scale factor found in B


      = ______________   X ____________= ____________ km

G. Calculate the average distance traveled between June 8 and June 10.

Distance = ______________- ________________= ____________ km

H. Divide this distance by the number of elapsed days (2 days) = _____________  km / 2=      ________________km/day

I. How do you convert this to kilometers per hour?

=________________________ km/hr

J. How do you convert this to kilometers per second?                                   

=_____________________________ km/sec

K. How many km are in a mile? ____________

L. Use the km/hr answer and the conversion factor from above to find the miles/hr that the sun rotates.

Problem 2 – About how many days does it take to rotate once at the equator?

a. What is the formula for circumference of a circle?   ________________

b. Use this to find the circumference of the sun 

2 π (_________ km) = _____________ kilometers.

c. The equatorial speed found above is ______________ km/day 

d. So the number of days to rotate once at the equator equals

_____________km /___________km/day  = _______________ days.

Inquiry Question:

A. About how many degrees has the sun rotated in the two days?  

(ANS: 20 degrees)

B. How long would a full rotation take?    

(ANS: 360 degrees/10 degrees per day= 36 days)

C. Why is this answer different than when you use the ruler?

Answer: (Because the sun is a sphere, measuring the distance of the spot from the center of the sun on June 10 gives a distorted linear measure due to foreshortening)

.
Additional lessons/resources for unit plan:

· Solar Math booklet at Space Math @ NASA site http://spacemath.gsfc.nasa.gov/SMBooks/HinodeSMV2.pdf
· Sunspot lecture and presentation http://cse.ssl.berkeley.edu/SegwayEd/lessons/exploring_magnetism/in_Solar_Flares/s4.html#act1
· Sunspot cycle 24 predictions

http://science.nasa.gov/science-news/science-at-nasa/2009/29may_noaaprediction/ 

· Sunspot image area simulation

      http://cse.ssl.berkeley.edu/segwayed/lessons/sunspots/index.html
· http://www.latimes.com/news/science/la-sci-solar-probe-plus-20120311,0,6960758,full.story
· Sunspot region collection worksheet http://sunearthday.nasa.gov/swac/materials/datacollection_sunspotregion_V4.pdf
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