Moonrise, Moonset, and Phases
Description
This simulation helps students explore the movements of both the Earth (in its rotation) and the moon (in its rotations and revolutions around Earth).  It connects how the positions of the Earth, moon, and Sun make the moon appear in it various moon phases. The horizon feature along with the running time and lunar cycle clock allows students to connect when the moon rises and sets as the Earth rotates and the moon rotates and orbits the Earth.
Justification for using this simulation

Jonassen, Peck, Wilson (1999), authors of Learning with Technology, a constructivist perspective, state five attributes of meaningful learning which are active/manipulative, constructive, intentional, authentic, and  cooperative learning.  These are attributes that can be used to assess how well the technologies (such as the simulation used in this paper) teachers use help students engage in meaningful learning.  Some characteristics of a good simulation offered by author Richard Boohan (2002) are simplification of reality, predictability, benefit of speed, good explanation of reality, and interactivity.  The following is a justification of for why the “Moonrise, Moonset, and Phases” simulation is good based on the above authors’ work.
As Boohan (2002) and Jonassen et al. (1999) recommend, the simulation is very interactive and easy to manipulate as students can control how fast or slow the Earth and moon move in rotation and revolution; start and stop this movement; and use the mouse to manually move the moon’s motion.  The simulation allows time to elapse at a much quicker rate than we could view in a live demonstration from Earth.  This allows students to view these concepts more quickly.  They can also use the horizon line to better understand when daily moonrises and moonsets occur during the course of the lunar cycle. 
As Jonassen et al. (1999) recommend, this simulation is intentional as it shows how the moon rotates and orbits the Earth and that it is illuminated by the Sun.  This shows how the Earth views various moon phases, moonrises, and moonsets during the lunar cycle. The goal of the simulation is to help make the motion of the moon make sense to students.  
This simulation is authentic in that it brings the moon phases, moonrises, and moonsets in context with the moon’s motion in the sky (Jonassen et. al, 1999).  Boohan (2002) also stresses the importance that a good simulation is a simplification of reality. The simulation mimics the rotation of both the Earth and the moon, and has a realistic simulation of the moons revolution around Earth.  It reveals the way the Earth sees only one side of the moon and has very realistic looking moon phases.  The simulation also shows the times of day or night that that moon would appear in the sky.  But the simulation differs from reality in that the size scale and relative distances of Earth and moon are incorrect, and the simulation does not show the Earth on its axis nor its revolution around the Sun.  It is however, a good representation of a large scale concept put into small scale. 
This simulation works in a cooperative manner especially if students work at the computer in twos (Jonassen et al. 1999).  One person can operate and control the simulations while the other person can act as the reader of instructions and question as well as the recorder of observations and answers.  Both students can work together to make observations.  The reflection and learning process can be furthered as the students discuss their ideas and observations with one another.  Organizing the activity in steps and directing student to what they are supposed to be looking for and doing, helps students to have reflective type of thinking (Jonassen et. al, 1999). Having the students go through steps, answering questions throughout usage, and having them fill out diagrams while using this simulation makes this simulation constructive (Jonassen et al. 1999).
This simulation gives students strong verbal messages and allows students to make predictions (Boohan, 2002).  Viewing the Earth and moon from overhead allows students to get a better idea of how these celestial bodies move whereas a student may not understand this concept from simply observing the sky on its own.  It may also dispel any misconceptions that the moon phases are caused by the Earth’s shadow. 
Curriculum Objectives –Senior 1:  Exploring the Universe
S1-4-05 – Explain the apparent motion of the Sun, stars, planets, and the Moon as seen from Earth.  Include:  daily rising and setting, seasonal constellations, retrograde motion.
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Moonrise, Moonset, and Moon Phases Simulation
From our 14 day moon observations and class discussions, you are most likely familiar with the fact that the moon rises and sets and has various phases.  This is an activity in which you and a partner can explore the reasons why we see the moon in various phases and at various positions and times throughout the day time and night time sky (i.e. moonrise and moonset). 
Working in pairs at a computer, one of you will be the reader of the handout and the recorder of information while the other will work at the computer to manipulate the simulation program.  Half way through the activity you will switch places so that you each get a chance to do both roles.
At the computer, open either Internet Explorer or Mozilla Firefox and go to www.explorelearning.com.
Click on:  Browse Gizmos
Under Grade 9-12 science - Click on: Earth and Space Science
Click on:  Earth, Moon, and Sun
Click on:  Moonrise, Moonset, and Phases

This is what you should see:
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Read the introduction on the simulation.  

Click on the graphic of the person standing on the Earth.  Take a couple of minutes to explore the gizmo to see how it works.  
Note that the picture you are looking at is not completely accurate.  The sizes of the Earth and moon and their relative distances are not to scale.  In reality the distance between the Earth and moon is 384,000 km or the length of 30 Earths linked end to end.

(Here is a diagram to scale of the Earth and moon’s sizes and distances):
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Now you can begin.  
Turn on the simulation (press play).  Feel free to adjust the speed at which you are viewing the simulation.  As indicated on the screen, the Sun is shining from the right side of the simulation pane.  If at any point the simulation has gone too far, you may either press the restart button (swirly arrow) or press pause and drag the mouse over the moon and click and drag the moon forward or backward.
Play the simulation and answer the following questions while observing the simulation.
1.  Which direction is the Earth rotating? ____________________________
____________________________________________________________

2.  Which direction is the moon rotating? ____________________________
_____________________________________________________________

3.  Which direction is the moon orbiting the Earth? ____________________
_____________________________________________________________

4.  Draw a diagram of the Earth and Moon.  Indicate in which direction they are rotating, and in which direction the moon is orbiting the Earth. 

5.  Does the Earth ever see all sides of the moon? _____________________
Why or why not? _______________________________________________ __________________________________________________________________________________________________________________________
6.  Does the Sun shine on all sides of the moon? ______________________
Why or why not? _______________________________________________

_____________________________________________________________

8.  Just like the simulation, if you were looking at the Earth and Moon from the same perspective in space, at any given time how much of the Moon and Earth are illuminated be the Sun? __________________________________
_____________________________________________________________ 
9.  Turn the page to “Diagram 1”, illustrate (draw/shade) how much light from the Sun illuminates both the Earth and Moon (in all 8 positions in the diagram), at any given time.

10.  How long is the lunar cycle? (How long does it take for the Moon to orbit the Earth?) _______________________________________________
11.  What unit of time is the lunar cycle similar to? ____________________
Moon Phases
Reset the simulation.  
Adjust the speed slider to slow and pause the simulation when the Moon is directly over the Earth (top of simulation pane). (You can also drag the mouse over the Moon and manually adjust the position of the Moon).   Notice the shape of the Moon shown in the right side of the simulation pane.
Now pause or drag the Moon to left side of the simulation pane, then the bottom of the simulation pane, then the right side of the simulation pane.  Notice how the Moon has different shapes at different positions in its orbit around Earth.    
Turn to Diagram 2.  Shade in the shape (or phase) that the Earth would see for each of the 8 Moons positioned in the diagram (using the simulation as a guide).
Moonrise and Moonset
Reset the simulation.  Click on the “show horizon” box so it has a check mark in it (where the arrow is pointing).  Now you should see a long line on which the person stands.  This represents the horizon on which we view the sky.  
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Reset the simulation.  Adjust the slider to slow. Press play.

Pause the simulation when the east end of the horizon meets the Moon.  This simulates the Moonrise.  Notice the lunar cycle day and time.  Play the simulation again.  Pause the simulation when the west end of the horizon meets the Moon.  Again notice the lunar cycle day and time.  
Play the simulation.

1.  How long did it take for the Moon to travel across the sky (from east horizon to west horizon)? _____________

Play the simulation.  Pause the simulation when the Moon is directly over the person on the Earth.  This represents when the Moon is highest in the sky.  

2.  For each Moon phase (as indicated on Diagram 2), you will be recording the day of the lunar cycle and the Moonrise and the Moonset times.  Play the simulation as you did just now, but pay careful attention to pause or drag the Moon on the east end of the horizon at the beginning of each Moon phase to record the Moonrise, and pause or drag the Moon again to the end of the west horizon to record the Moonset. Write down this information on diagram 2.
Look at the Moonrise and Moonset times for each phase recorded in diagram 3.  Is the length of time that the Moon is up over the horizon the same every day?  ______________

What is the average length of time? ___________________________
4.  Record what time of day/night the person on the Earth sees the following Moon phases appear highest in the sky. (The Moon will be directly over the person standing on Earth).
New Moon___________

First quarter__________

Full Moon___________

Third Quarter_________

(The following questions will be discussed as a class.  Please be prepared to share what you have written.)
5.  Explain why the four Moon phase times listed above vary from day to day (or night to night).  
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

6.  Do the Moonrise and Moonset times vary on a daily basis?  If so, why?

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

7.  Explain why we see various Moon phases throughout the lunar cycle.  

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

8.  Explain why we see the full moon only in the night sky. ______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
9.  Why does the Moon rise in the east and set in the west? 

_____________________________________________________________
_____________________________________________________________
_____________________________________________________________

__________________________________________________________________________________________________________________________
10.  Latitude and seasons cause moonrise and moonset times to vary over the world.  Why do you think this is? (Hint: similar to the Sun rise/set)

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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