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Welcome to the WorldWide Telescope!

This document is intended to assist educators and students launch into an exploration of the universe through the lens of the WorldWide Telescope (WWT)—a program developed by Microsoft Research with the goal of bringing users of all ages closer to understanding what lies beyond of Earth’s atmosphere. Since WWT uses the most current data taken from celestial imaging, users can easily pan and zoom into specific areas of outer space for fine tuned investigations. Images are taken from the Hubble Space Telescope, as well as numerous telescopes here on Earth. 

The content within WWT is vast, and it is versatile enough to be used as both an instructional and curricular tool. It is also easy to become deeply immersed in the content since the navigation tools can easily lead you to new and interesting sites. What isn’t interesting about the extremes of planet surfaces, the birth and death of stars, and galaxies far, far way? To help focus your exploration, however, we have developed this guide with a several middle school and high school lessons attached to optimize an educational experience with WWT. Consequently, this document is an abbreviated user guide with extra care to focus you and your students’ activities.
 The lessons are aligned to national science standards. 

As an educator, you are encouraged to explore the tools’ features and depth before having students use the tool on their own and using the tool as part of your instruction. WWT has a number of guided tours for users, and by playing with the tours and playing with the tool you will gain navigational know-how. 

A Word or Two about the Curriculum 

WorldWide Telescope provides a unique means to investigate and visualize the differences we find from one world to the next. These differences, incorporated with physical intuition, are what we have to understand the origin of our solar system, and the Earth’s place as a planet within it. 

When people think of the solar system they usually think of the planets. In reality, the solar system is our Sun with a few rocks orbiting around it. The largest planet, Jupiter, is about a 1,000 times less massive than the Sun. Earth, 300 times less massive than Jupiter is 300,000 times less massive than the Sun. This important concept should be used to place these lessons in context. Students can understand it in a variety of ways. For example, how long it would take to count to 1,000 (about 15 minutes)1, and how much longer it would take to count to 300,000 (about a month). Our favorite way to conceptualize the mass differences in the solar system is to ask someone to think of how they would list the top 1,000 objects in the solar system. The list would have 9,999 being the Sun and the last being Jupiter, and Earth wouldn’t make the list. 

After students explore the features of the WorldWide Telescope, students engage in basic scientific inquiry. The first thing scientists tend to do is gather data; then they attempt to organize it; and finally they use the data to make predictions from what they’ve gathered. They look closely at phenomena (In the case of an astronomer, the surface of things). Our lessons try to conform to this model (within reason) while being rooted in science standards. 
Students will gather data about planets and famous moons using WorldWide Telescope and other on-line resources, and they will work together organizing the information. And finally, students will use the information to make predictions about the origin of our solar system, and the possibilities of other solar systems. For their concluding project, students will synthesize the information that they gathered and create a presentation and informative tour using WWT.
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When you first enter the tool, a window pops up informing you how to navigate the system. While some of this may be second nature, become familiar with the following feature. 

Navigating in the WorldWide Telescope: 

· Move around the sky by clicking and dragging the Field of View. 

· Zoom in/out by scrolling the mouse wheel, pressing -/+ or Page Up/Page Down. 

· Drag with center mouse button or hold Ctrl while dragging to rotate and tilt view.

· Navigate with a XBOX 360 controller by connecting it before launching.

· Click an object’s thumbnail to pan to the object. Double-clicking the object’s thumbnail jumps you to the object. 

· Page through multiple thumbnail panes with the scroll wheel 

· Right-click an object to display the contextual Finder Scope for more information. 

· Menu Tabs have two parts: click the tab’s top to open a pane, click the tab’s bottom to open submenus with additional functionality.

Menu Options

After closing the entry window, note that the top menu provides options for engaging with WWT, and as you click on the tabs a navigation path extends outward allowing users access to previous screens and levels within the program itself. The top menu tabs include: Explore, Guided Tours, Search, Community, Telescope, View, and Settings. As a new user to WWT, we assume that you are not planning on getting too fancy with the tool, e.g., communicating with other on-line communities, hooking up a telescope, changing viewing options or adjusting the tool settings. Subsequently, this guide and curriculum is only covers: Explore, Guided Tours and Search. (Consult the complete guide referenced in footnote 1 if you want thorough explanations.) 

If you hover the cursor over a heading, a down arrow appears. This allows you to select options from the menu. 

· Explore: The first two menu items, New and Open, are used to start new data files, or open existing data files, respectively. Clicking the Explore entry itself will display the data Collections thumbnails across the top panel. Selecting any of these thumbnails will either open up a new set of thumbnails to browse, or change the view to display something new. 

Solar System (Sky) and Planets and Moons are the two thumbnails within the set of options that are pertinent to the curriculum that follows. The first places the planets within context of each other and the larger universe, while the latter focuses in on the individual planets/moons without the greater context of other planets, stars, etc.

The other thumbnails within Explore are also interesting but dive deeper into astronomy and astrological research than is necessary for the lessons that follow. We urge you and your students to explore these areas nonetheless, especially if you want to cover galaxies, constellations, etc.

· Guided Tours: A tour in WorldWide Telescope is an animated, annotated slide-show, for educational, research or entertainment purposes, and tours usually focusing on a particular topic. Clicking the Guided Tours entry itself will display the Tours supplied by default with WWT. These are great for instructional purposes—either as a whole class or individually. The menu entries can be used to search for other tours on the web, and to create a new tour. Opening a tour can also be done from the Explore → Open sub-menu. With a bit of training, students with some technology understanding can craft their own presentations.

The directions for creating a guided tour are in Appendix B. With little assistance, middle school and high school students can easily create a tour.

· Search: Clicking on this main menu item itself will change the top panel to show a range of search parameters that are used to search on the data provided within WWT. Opening up the Search menu will enable some internet based searches. This feature will be handy as students begin exploring their various topics in the lessons.

· Lower Panel:  At the bottom of the screen, several navigational options are provided. 
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· The Look At list includes Earth, Planet, Sky, Panorama, and Solar System. This is the highest level list determining what to display. Earth, Planet, Panorama, and Solar System are areas pertinent to the lesson plans and student research. You can pair down the options in Look At by using the Imagery submenu.

Earth contains a 3D model with several overlay options (Virtual Earth Aerial, Hybrid, Streets and Night) found by clicking the Imagery options.

Planet allows for close viewing of a select number of planets and satellites within this solar system. 

Sky maps out various constellations, and the Imagery options demonstrate that there are many different wavelengths of light that can be recorded, in addition to the visible wavelength that we all see. Different wavelengths include x-ray, gamma, microwave, and so on. The most fascinating imagery is to most people the visible wavelength, but studies of the other wavelengths can reveal more specific information about what is happening, or has happened, to the stellar object. The Sky mode is rather advanced and is not used in the lessons. 

Panorama is an interesting and slightly different selection. The range of imagery for this includes the pictures taken from different landing vehicles on the Moon and Mars. This feature will come in handy for some students once their investigations begin.

Solar System reveals 3D modeling of the Sun and Solar System planets. Within the Solar System pane, the far right corner gives the you the option to adjust the planet size from large to actual—the difference provides the user with a sense of scale.

Sharing WWT with Your Students

Now that you have investigated the core features of WWT that are part of the lessons in this guide, you are ready to start sharing the tool with your students. There are a number of ways to do this depending on the technical situation at your school or how your class is taught. The best way to begin is show the features and functions of WWT through whole class instruction as the students follow along with their computers. To guide the tour of WWT with your students, print off Student Guide of Exploring the WorldWide Telescope. They can use these directions as you show them how to navigate the system on the overhead.

WorldWide Telescope Unit






As you work through this unit, you should address the following astronomy standards through your instruction and the students’ activities. If you follow this guide, you will likely touch on other science standards as well, since the study of astronomy is deeply embedded with other science concepts. For instance we suggest talking about density, surface temperature, geography, etc., which are all science concepts but related to other domains. If these concepts have already been covered, consider your work with WWT to be an opportunity to circle back to what they learned and apply it to a different context. 
Additionally, as with most standards, the degree to which the standards are covered relies on you accentuating certain information in the lesson. For instance, standard d below, states that student should know “the evidence indicating that the planets are much closer to the Earth than the stars.” While this is implicitly revealed by looking at WWT, the degree to which students pay attention to it depends on you. Consequently, consider revisiting the standards each day, to see how you might accentuate the information.
National Standard: 
The sun, the earth, and the rest of the solar system formed from a nebular cloud of dust and gas 4.6 billion years ago. The early earth was very different from the planet we live on today.
California Standard: 
Astronomy and planetary exploration reveal the solar system’s structure, scale, and change over time. As a basis for understanding this concept: 

a. 
Students know how the differences and similarities among the sun, the terrestrial planets, and the gas planets may have been established during the formation of the solar system. 

c. 
Students know the evidence from geological studies of Earth and other planets suggest that the early Earth was very different from Earth today. 
d. 
Students know the evidence indicating that the planets are much closer to Earth than the stars are. 

e. 
Students know the evidence for the dramatic effects that asteroid impacts have had in shaping the surface of planets and their moons and in mass extinctions of life on Earth. 
Lesson 1

In this lesson, students see the WWT for the first time first through your demonstration and then through their own exploration. Students will follow the guide below in order to acclimate themselves to the system’s features, prepping them for research to come on subsequent days.

Lesson plan information

	Lesson Plan

	Item
	Requirements

	School level
	Grades 9-12

	Curriculum areas
	Science

	Class time
	1-2 hours, approx.

	Software Needed
	WorldWide Telescope

	Materials Needed
	Student Guide of Exploring the WorldWide Telescope 

Overhead projector

Computers


Teacher guide

Goals

· Students use technology with the goal of gaining independent fluency with the WWT.

Objectives

· Students learn how to use the WWT.

Lesson procedure

Introduction for Teacher

Before beginning, ask your students about the prior knowledge they have about stars and planets. From the discussion, segue into taking a deeper look at astronomy through WWT and other online resources. Tell them that they will be spending the next few weeks investigating worlds afar. 

Before you give students a tour of WWT, give them a hardcopy Student Guide to Exploring the WorldWide Telescope.doc. If you wish, they can check off the parts of WWT they explored, so you know how far they made it in their tour of the program.

Please note that you and your students may notice that some planets and satellites are totally or partially missing. This is because WWT is generated from data that has been collected from a number of official astronomical sites. If a moon or part of a planet is not in WWT, no or too little data has been collected on it.

What to do

1. Hand out Student Guide to Exploring the WorldWide Telescope.doc.
2. After opening the WorldWide Telescope (WWT) from the icon on your desktop, read the window to learn how to navigate the system. The window directs you to:

· Move around the sky by clicking and dragging your mouse. 
· Zoom in/out on objects by scrolling the mouse wheel, by pressing -/+, or by pressing Page Up/Page Down. 

· Hold down the mouse button and drag with mouse to move objects or hold Ctrl while dragging to rotate and tilt view.

· Click an object’s thumbnail to pan to the object. Double-clicking the object’s thumbnail jumps you to the object. 

· Page through multiple thumbnail panes with the scroll wheel 

· Right-click an object to display the contextual Finder Scope for more information. 

· Menu Tabs have two parts: click the tab’s top to open; click the tab’s bottom to open submenus.

3. Click on the top menu tab options—Explore, Guided Tours, and Search. Notice that as you click on the thumbnail images a navigation path extends outward. This allows you go back to previous screens and levels within the program itself. (You will not need Community, Telescope, View or Settings for your assignments.)

4. Click Explore to display the data Collections thumbnails across the top panel. Selecting any of these thumbnails will either open up a new set of thumbnails to browse. Or it will change the view to display something new. 
5. Within Explore, Solar System (Sky) and Planets and Moons are the two thumbnails you will need for this unit. Navigate through these two thumbnails and investigate a few planets. 

6. A tour in WorldWide Telescope is an animated slide-show. Click Guided Tours to see the various types of tours that are available to you. Peruse some of the options.

7. Click Search and type in a term from astronomy to find examples of it in WWT. For instance, type in Jupiter to see what’s available in WWT on this planet. You can do the same for general terms like comet and moon.

8. Investigate the Lower Panel:  At the bottom of the screen, several navigational options are provided. Look At list includes Earth, Planet, Sky, Panorama, and Solar System. This is the highest level list determining what to display. You will only be using Earth, Planet, Panorama, and Solar System. You can pair down the options in Look At by using the Imagery submenu.

9. Choose Earth. It contains a 3D model with several overlay options (Virtual Earth Aerial, Hybrid, Streets and Night) found by clicking the Imagery options.
10. Click Planet. It allows for close viewing of a select number of planets and moons within this solar system. 
11. Choose Sky. This feature maps out various constellations, and the Imagery options demonstrate that there are many different wavelengths of light that can be recorded.
12. Choose Panorama. This is an interesting and slightly different selection. The range of imagery for this includes the pictures taken from different landing vehicles on the Moon and Mars. This feature will come in handy for some students once their investigations begin.

13. Choose Solar System. It reveals 3D modeling of the Sun and Solar System planets. Within the Solar System pane, the far right corner gives you the option to adjust the planet size from large to actual—the difference provides the user with a sense of scale.

Conclusions

As students work through the system, discovering its parts, take note of what they are having trouble with and see if any patterns emerge. Talk about these issues with a class as a whole to see if other students or groups have figured out solutions. 
Assignment

Tell students that they will explore objects within our solar system over the next few days in discovery teams. Although you will formally dive into research with the next lesson, figure out which groups students will work in. Research teams include: 

· Martian Surface Historians

· Ancient Moon Researchers

· Cratering of the Inner Solar System Authorities

· Jupiter’s Major Moons Detectives

· Io Investigators

· Europa Experts

· Ganymede Gurus

· Callisto Connoisseurs

Lesson 2












In this lesson, students will become familiar with how astronomers investigate and analyze planets, moons, and other celestial bodies.

Lesson plan information

	Lesson Plan

	Item
	Requirements

	School level
	Grades 9-12

	Curriculum areas
	Science

	Class time
	2-3 hours, approx.

	Software Needed
	Word

WorldWide Telescope

	Materials Needed
	Relative Age Exploration Student Guide
Computers

Projector

Surfacefeat.wtt


Teacher guide

Goals

· Students will use technology to investigate and make inferences about planets and moons in the solar systems
Objectives

· Students gain an understanding for how astronomers closely analyze planets and moons through deduction. 
Lesson procedure

Introduction for Teacher

1. Begin by asking students whether they have ever seen photographs of the surface of the moon or a planet. Ask them what the surface looked like. And why they think the planet or moon looked like it did. During the discussion, have them make reference to how land formations are made on Earth and how similar types of geological happenings may be at play with planets and moons.
2. Show them surfacefeat.wtt. Stop the tour at various points to discuss the various features. If two features are present in the same image (like a crater inside a basin) ask them which feature likely came first and how they figured that out. 

3. Now, as a class, open WWT and go to the moon and investigate its surface together. Use What Guides the Team’s Topics Teacher’s Reference.doc to help you with your discussion.

Specifically, see if they can spot seven features were mentioned in short tour: 
· basins

· complex craters

· simple craters

· wrinkle wriges

· ghost craters

· straight riles/faults

· lava channels

4. After giving them some time for their investigation, collectively identify some of these features. Ask students to share what they found. As you do and as these features overlap, ask them if they can tell which features came before others.
5. Your students will find it helpful if you are explicit about the type of research you want them to do by going to the moon in WWT and working through the questions they need to answer. You should also use other on-line resources as you show students how to gather information. By doing so, you are modeling good research practices. For instance, go to http://en.wikipedia.org/wiki/Moon while looking at features of the moon and identify some of the features of the moon with this site as well.
6. Hand out the Relative Age Exploration Teacher Guide.doc to assist your students in gathering information and data about their subject.

Lastly, it’s important to note that you, as the teacher, do not need to know a lot in planetary science for their students to get the most out of these lessons. Some surface features will not conform to any category and when a student asks about it, you shouldn’t feel that you are ill equipped to give a response. Instead take on the role of co-investigator, “Wow, that is an interesting feature, it looks like ___ and ___ at the same time. How do you think it formed?” The purpose is not to identify every object with absolute certainty, but to show the students that there is more to discover, and that science, even at this level, is not a list of what’s been discovered to memorize, it’s a means to interpret what’s unknown.
What the Students Do 
· Receive the group’s Relative Age Exploration Student Guide.doc.

· While using WWT, Wikipedia, NASA websites, and other online resources, try to answer the question on the guide. 

· Record your answer in a Word document.

· Save your document.

Check in on students as they continue to work on the questions. If they seem to be finishing quickly spur them on with some more questions found under Teacher guiding information on the Relative Age Exploration Teacher Guide.doc.
Conclusions
At the end of each research session, ask students to share findings with the class. As they do so, ask them how they think the surface developed as it did. A response might be, at first it seems that a big lava flow covered this area, and then through millions of years craters were formed by asteroid impact. Through the dialogue students will start explaining postulating the reasons why certain features exist.
Lesson 3
In this lesson, students use WWT to create their own virtual tour of a planet or a moon.

Lesson plan information

	Lesson Plan

	Item
	Requirements

	School level
	Grades 9-12


	Curriculum areas
	Science

	Class time
	3 hours, approx.

	Software Needed
	WorldWide Telescope



	Materials Needed
	Computers

Projector 
Building a Slide Show.doc
Materials they have created and research they have completed over the time they have worked with the WWT (optional)




Teacher guide

Goals

· Students us technology to create a tour of a planet or moon.

Objectives

· Student use the information they have learned over the few sessions using WWT.

Lesson procedure

Introduction for Teacher

Have students create a slideshow using WWT and the information they gathered during their investigations. The previous worksheet along with the online resources used for previous project can help guide the creation of their tour. 

Start by showing them some examples of tours are in WWT. This will give them an idea of what the end product might look like.  

Then show your students how to build a slide show. Using Building a Slide Show.doc as guide, demonstrate the tool to the class as they look on with instructions and computers in front of them. 

What students do

1. Using Build a Slide Show.doc as a guide, begin crafting a slide show using information about your planet or moon. 

2. Be sure to add specific researched facts about your planet or moon—these facts should come from a number of sources.

3. Feel free on occasion to ask other students their opinion about how your project is coming along.

Conclusions

As students work toward the culmination of their projects, give them feedback periodically and assess their progress and difficulties. If WWT is giving them trouble investigate solutions, and then present them the following day. For assessing their work, you may want to use the rubric Presentation of Work.doc. Often times, however, it is good to have the students jointly frame the evaluation criteria they will be judged on.



























� The full WorldWide Telescope User Guide can be found under the Explore → Getting Started or by navigating within your Program Files following the path below:


�HYPERLINK "../../../Program Files (x86)/Microsoft Research/Microsoft WorldWide Telescope/Help/UserGuidePages/WorldWideTelescopeUserGuide.html"��C:\Program Files (x86)\Microsoft Research\Microsoft WorldWide Telescope\Help\UserGuidePages\WorldWideTelescopeUserGuide.html�








