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What is a “Teacher’s Guide?”

A teacher’s guide is a resource written for professional teachers that describes specific ways to teach particular concepts to students. A variety of teacher’s guides are available on many different topics. Some teacher’s guides are posted on the worldwide web; others are published in book form. When you become a teacher and/or parent, you will find these teacher’s guides to be invaluable resources. Some examples of published teacher’s guides on topics in astronomy include…

Astro Adventures, published in 1994 by the Pacific Science Center, Seattle, WA, (206)448-2627.

Earth, Moon and Stars, published in 1986 by Great Explorations in Math and Science (GEMS), Lawrence Hall of Science, Berkeley, California, http://www.lawrencehallofscience.org/.

Moons of Jupiter, published in 1993 by Great Explorations in Math and Science (GEMS), Lawrence Hall of Science, Berkeley, California, http://www.lawrencehallofscience.org/.

Project Earth Science: Astronomy, published by the National Science Teachers Association, Arlington, Virginia, 1995, http://www.nsta.org/index.html.

The Universe at Your Fingertips, published by the Astronomical Society of the Pacific, San Francisco, California, 1995, http://www.astrosociety.org/
All of these teacher’s guides are on reserve in the library. Check them out. Look them over. Get a feel for the type of document we’re asking you to write. By the way, just in case you think you are not qualified to write a teacher’s guide on a science topic, consider this: the best teacher’s guides on science topics are all written by classroom teachers, NOT by research scientists. Teachers know what works in the classroom. Research scientists (with a few rare exceptions) do not.

What must be included in the Teacher’s Guide? 

1.
Background Information: should be in their own words—NOT co-authored. VERY IMPORTANT! Not every teacher has a solid understanding of every science topic. Therefore, all good teacher’s guides for science topics include extensive back​ground information for the teacher. The “background information” section should consist of…

•
A detailed text that explains ALL of the concepts you want the students to learn. This text should fully spell out the conclusions you want the students to arrive at by the end of the lesson. It should be several pages long and be in paragraph format; it is NOT a mere list of topics or objectives. 

•
Well-designed conceptual diagrams (drawn by YOU, not just copied from somewhere else) that elucidate the concepts you explain in the text. These drawings are VERY IMPORTANT! It is impossible to make your explanations clear to the reader without such drawings. Specifically refer to these drawings in the text of your “background information.” If you need help getting started making a drawing, use the “hint” drawings for your topic as a starting point.

2.
Pre-Lesson Preparation: Describe everything the teacher must do before the lesson begins. 

• Include a specific list of all required materials, broken down as follows: (1) for the class, (2) for each small group of students, (3) for each individual student. The GEMS units do an especially good job of documenting the required materials for their lessons; see them for examples.

• Include copies of any graphs and/or data tables you had the students work with. 

• Be especially sure to fully document how to construct any manipulatives or other hands-on materials that you or your team has designed for the lesson. Include photographs, assembly instructions, scale drawings, originals to be photocopied--whatever a teacher would need in order to construct these manipulatives for themselves.
  Explain where to obtain hard-to-find materials. The GEMS units describe pre-lesson preparation procedures very well; see them for examples.

3.
Time Management: State the required time for each part of the lesson, including any short lectures by the teacher, teacher-led demonstrations, hands-on activities, student presentations, and whole-class discussions. Make sure all planned activities fit into one 45-minute lesson.

4.
Step-by-Step Instructions for Teaching the Lesson: Describe what the teacher should do and say as the lesson progresses. Plan the lesson to flow logically, maximizing student learning and minimizing student frustration (i.e. students get what they need when they need it). Include detailed outlines of any lectures the teacher will give. The GEMS units give excellent step-by-step instructions; see them for examples.

5.
Student Handout: This is a major part of your teacher’s guide. Carefully follow the format described on page MP-22. As necessary, modify the handout you actually used when you taught the lesson, incorporating suggestions from classmates and from your lab instructor as you see fit. 

6.
Answers to Questions on the Student Handout: Provide complete clear well-written and (as appropriate) well-illustrated suggested answers to all questions on the student handouts. The Project Earth Science teacher’s guide includes excellent examples of answers to questions for students; see this publication for examples.

7.
Citations: Specifically cite the source of each part of the Teacher’s Guide that is not your own original idea. Make it ABSOLUTELY CLEAR which parts of the lesson were derived from the work of others (and who those others are) and which parts of the lesson resulted from your own efforts. A significant proportion of the teacher’s guide MUST BE YOUR ORIGINAL WORK. 

Example Teacher’s Guide

(This is my teacher’s guide for the lab activity that you did on the Moon's Phases and Eclipses)

Background Information

Contrary to popular belief, the phases of the moon are NOT caused by Earth's shadow; lunar eclipses are (see below). Except during a lunar eclipse, the entire half of the moon that faces the sun is always fully illuminated by the sun. From Earth, we can only see all of the lit portion of the moon when Earth is directly between the moon and the sun; this is a full moon. 

[image: image1.wmf]
When the moon is directly between Earth and the sun, we on Earth can see none of the lit portion of the moon; this is a new moon. 

[image: image2.wmf]
All of the other phases of the moon are partial views of the lit portion of the moon, i.e. we on Earth are viewing the lit portion of the moon more or less “from the side” as the moon revolves around Earth. See, for example, the depiction below of the 1st quarter moon.

[image: image3.wmf]
The moon revolves around Earth from west to east (counterclockwise when viewed from above the North Pole). We know this because, in the northern hemisphere, the right half of the moon is lit during the waxing phases of the moon and the left half of the moon is lit during the waning phases of the moon. If the moon revolved clockwise, we would see the left side of the moon lit during the waxing phases and the right side lit during the waning phases. 

No matter what phase the moon is in, we can see from Earth, the same side of the moon always faces Earth. This is because the moon rotates exactly once every time it revolves around Earth.

An eclipse occurs when the moon, Earth and sun are in perfect precise alignment with each other. Such an alignment is rare and short-lived because these objects are very far apart. In addition, the moon's revolution around Earth is not in exactly the same plane as Earth's revolution around the sun; it is 5° off. As a result, Earth and the moon can pass through each other's shadows only twice each year; the rest of the time, they “miss” each other’s shadows. A lunar eclipse occurs when the moon passes through Earth's shadow. This can happen only during a full moon. Because Earth is much bigger than the moon, the entire moon can fit within Earth's shadow; thus everyone on the side of Earth facing the moon can see a lunar eclipse. When Earth passes through the moon's shadow, we have a solar eclipse; this can only happen during a new moon. Because the moon is much smaller than Earth, the moon's shadow only falls on a small portion of Earth's surface; therefore, only the people located in just the right spot will be able to see a solar eclipse.

Pre-Lesson Preparation

1.
Well ahead of time, photocopy the “pop-up” moon diagram (see page MP-31) onto card stock. Using an Exacto knife, cut out each of the “skylights” along the three gray sides.

2.
During the lab before this one, ask the students to bring their moon observations to lab on this day.

3.
Just before class, close all blinds and cover the windows in the doors. Set up these materials: 

For the class: 

• 100-Watt light bulb in a light fixture mounted on a heavy-duty stand, placed in center of room.

• Overhead projector, set up in the room next to the room.

• Overhead transparency of the “pop-up” moon diagram

• 10-12 blank overhead transparencies and several colors of overhead transparency pens

For each lab table:

• Photograph of the “near” side of the moon (one per lab table)

• Photograph of the “far” side of the moon (one per lab table)

For each student:

• 2 white polystyrene balls, one 3 inches and one 7/8 inch in diameter

• pencil

• pop-up moon diagram on card stock, cut as described above

• paperclip

Time Management

This lab takes one full lab period to complete (1 hour, 50 minutes). There is time to prepare presentations near the end of lab but there is not enough time to not to actually do them. The students can do their presentations at the beginning of the next lab period.

	Part of Lab
	Estimated Time Needed

	Introductory Remarks
	5 minutes

	Activity #1: Brainstorming
	5 minutes

	Activity #2: Phases of the moon
	15 minutes

	Activity #3: Direction of the moon’s revolution
	10 minutes

	Activity #4: Completing the pop-up moon diagram
	15 minutes

	Activity #5: Rotation of the moon
	10 minutes

	Activity #6: Eclipses
	10 minutes

	Activity #7: Why are eclipses so rare?
	10 minutes

	End-of-Lab Thought Questions
	10 minutes

	Preparing Presentations
	10 minutes


Step-by-Step Instructions for Teaching the Lesson

1.
Introduce the activity: Tell the students that this is THE crucial lab that will start them on the road toward understanding their moon project topic. By the end of this lab, they should fully understand the phases of the moon and both types of eclipses. 

2.
Tell the students to begin Activity #1, the brainstorming activity. Tell them to take just a few minutes, taking turns within their groups, explaining their personal theories about what causes the moon’s phases, solar eclipses and lunar eclipses. As necessary, explain that a solar eclipse happens when the sun is not visible at a time when it should be, and a lunar eclipse happens when the moon is not visible (or is VERY faint) when it should be very bright. Tell the students to voice whatever ideas come to mind, to not censor them. 

3.
After the students have been brainstorming for 3-4 minutes, close all doors, turn on the light in the center of the room and turn off all other lights in the room. Get the students attention again. Tell them that it’s time to begin Activity #2.


Have each student pick up a 3” diameter polystyrene ball and a pencil. Tell them to insert the pencil into the hole in the ball. Then ask them to stand up, face the light in the center or the room and hold up their ball-on-a-stick at arm’s length, a foot or so above their heads, as shown on page C–18 of their lab. Tell the students that their heads represent the Earth and the white ball represents the moon. A person is living on their nose. 


Tell the students that they will now cause the moon to have phases. Ask the students to slowly rotate, continuing to look at the ball as they hold it at arms length, a little higher than their heads. Watch for “Aha!” experiences.

4.
Tell the students that they will now be asked to draw what they have seen in a 3-dimensional world onto a 2-dimensional piece of paper. They will have to make similar drawings throughout the Astronomy unit. Remind them that you can look at the same three-dimensional situation from many different directions and that each drawing made from a particular direction will look different from all the drawings made from any other directions. Point out that the drawing on page C–18 shows a view from the side but that, for questions 1a, 1b and 1c on pages C–18 and C–19, they will be asked to draw the same thing (with the sun added) as seen from above. 

5.
Turn students loose to work in groups at their own pace. Tell them to complete the questions for Activity #2 and then move on through the rest of the activities in the lab.

6.
As students get to Activity #3, question #2, you may need to remind them to look at the moon observations they’ve been making for several weeks. They will need those observations to answer that question.

7.
As students complete the pop-up-moon diagram (Activity #4), they usually make a lot of mistakes before getting it right. Suggest that they use pencils, not pens.

8.
Students often have a hard time with Activity #5 because it’s hard for the human brain to see a perspective other than its own. It may be helpful to demonstrate this activity with the whole class. Get two volunteers to play the roles of the moon and Earth. Guide them through the activity, using the directions in the lab. Once most students in the class have understood, tell them to work in their groups, each taking a turn playing each role until they can clearly see that the moon must rotate once every time it revolves.

9.
During Activity #6, students who have seen a lunar eclipse will often ask why the moon is a dim orange rather than pure black during the eclipse. Explain that, even though Earth is blocking 99+% of the sun’s light from illuminating the moon, a small amount of sunlight does reach the moon because Earth’s atmosphere (around the outside edges of Earth) refracts (bends) the light toward the moon. Red light bends more than blue light (which is why you can separate colors with a prism) so more red light makes it to the moon than does blue or yellow.

10.
When most students get to Activity #7, get all of the students' attention and demonstrate the 5° tilt of the moon's orbit by walking around the room (to show Earth's revolution around the sun) while simultaneously revolving a polystyrene ball-on-a-stick (in one hand) around an Earth ball (in the other hand). Hold the “moon” so that the stick is ABOVE the ball; this allows you to revolve the “moon” around the “earth” without bumping one arm into the other. Make sure the moon’s orbit is not horizontal and is consistently above the “Earth” when it’s on one side of the “Earth” and below the “Earth” when it’s on the other side. 

11.
The end-of-lab thought questions really make the students think, especially #2. Many students don’t fully grasp what makes the SUN rise and set, let alone the moon. When students get stumped by this question, have them first model the rise and set of the sun, rotating their bodies (and heads), modeling Earth’s rotation about its axis. The students should again imagine a person living on their nose. Point out that, for that person, their left cheek is east and their right cheek is west (which seems backwards because they are on the inside of Earth looking out instead of their usual perspective when looking at a map).

12.
Near the end of the lab period, assign presentations to each group. Hand out overhead transparencies with assignments written on them. Do presentations at the end of the lab period if possible. Otherwise, have students prepare their overhead transparencies and hand them in, beginning the next lab period with presentations.

Group 1: 
Activity #

Group 2:
Activity #3

Group 3: 
Activity #4 (give this group the transparency of the pop-up moon diagram)

Group 4: 
Activity #5

Group 5 
Activities #6 and #7

Group 6:
End-of-Lab Thought Questions

Student Handout: See pages C–17 through C–26.
Answers to Questions on the Student Handout: 

We will hand these out AFTER you have completed the lab on the moon’s phases and eclipses (we wouldn’t want to spoil the fun of discovering those answers for yourself!)

Citations: See footnotes on the bottoms of pages C–18 and C–23.
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� See my teacher’s guide for the lab you did on phases and eclipses (pages MP-27 through MP-31) to make the expectations listed here more concrete in your mind.


� DON’T overlook this important step. In past semesters, many students have constructed amazingly creative manipulatives and used them in their lessons but then failed to document them in their teacher’s guides. We can’t award credit for something that isn’t documented!


� Polystyrene balls cost less than $.50 each. They are available from 


Molecular Model Enterprises, 116 Swift St., P.O. Box 250, Edgerton, WI  53334, (608)884-9877.





*Supported by NSF Grant #9455371. Permission is granted to reproduce this material for classroom use.
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