Pilachowski, Caty

Step 1 - Define the Bottleneck

Students in introductory astronomy courses generally expect to learn about the night sky, including the constellations and the motions of celestial objects.  While most astronomers spend little attention on these phenomena, we do cover these topics in our courses, both to meet student expectations and to give students an understanding of the night sky that will be accessible to them for their whole lifetime.  The celestial phenomena covered usually include the constellations; daily and seasonal motions of the Sun and Moon; the ecliptic and equatorial planes and the zodiac; the motions of the planets; the phases of the Moon, Venus, and Mercury; the rotation of the moon, the rising and setting of stars, the location of the North Pole; the circumstellar constellations; the precession of the Pole; and, finally, the infamous cause of the seasons.

Given the amount of astronomy we want to cover in the course (the Sun, stars, galaxies, cosmology, life in the universe.), the amount of time we want to devote to night sky phenomena is limited to about a week, although night-sky viewing activities may be scheduled over a longer period of time, if the weather cooperates.

The bottleneck occurs when we move from the simple description of the phenomena (identify constellations, the sun rises in the east, sets in the west) to a three dimensional visualization to understand why the phenomena happen as they do.  For example, why does the Sun rise in the east and set in the west?  Students must visualize the relative orientations of the two bodies, one of which is rotating.  Another example is the Moon: why is the "dark side" not the "far side" of the Moon?  Again, students must visualize the orientation of three bodies (Sun, Moon, Earth) and both their motions in space and the rotation of the Moon to understand why the Moon keeps the same side facing toward Earth and where the "dark side" is.  

Many students in introductory astronomy have difficulty visualizing the relative orientations, motions, and rotations of bodies in space.  This visualization involves moving one's perspective from a view of the horizon and the bowl-shaped sky as seen from a spot on Earth to a view of the Earth seen from elsewhere in the Solar System, typically from another point in the plane of the Earth's orbit or from a point above or below the plane of the Earth's orbit.  Unless students can shift perspective to view the celestial bodies from other locations, they are unable to understand the causes of the various celestial phenomena, or to learn them.

Step 2 - Define the Basic Learning Tasks

Experts in astronomy use various strategies to help with 3-dimensional visualization of structures in the Universe.

a.
Draw diagrams.  We use diagrams to help us visualize therelationships and orientations of celestial bodies (relative sizes, distances, orientations).

b.
Use three dimensional models.  We use balls, frisbees, and othercommon objects to help us visualize spatial orientation and relative motion. 

c.
Use visualization software on computers to show what a phenomenon might look like from another perspective.

d.
Construct mathematical models to describe the objects we arestudying. (Not recommended for an introductory astronomy course!!)

e.
Take students to visit a planetarium to demonstrate motions andthen simulate viewing the phenomenon from another perspective. (Unfortunately we have planetarium in Bloomington.)

Step 3 - Model these steps explicitly

The use of visualization as a learning aid can be modeled through an activity in which students view a celestial phenomenon from different perspectives.  The steps can be summarized as follows.

.
Visualize the sky from Earth

.
Visualize celestial phenomena as observed from Earth

.
Change perspective to examine the Earth from space

.
Add other celestial bodies

.
Add their motions

.
Bring the view back to another spot on Earth

Step 3.5 - Motivate the Students

Students can be motivated to visualize celestial phenomena from different perspectives through hypothetical scenarios where students might need to use knowledge of the locations and orientations of astronomical bodies (e.g. lost on a desert island, planning a romantic evening, organizing a night hike, extended visit to South Pole Station). Locales from science fiction novels with unusual settings (a moon around a giant planet, "double" planet, planet with multiple moons) can also be used to motivate students to visualize the 3d spatial view, and then translate perspective to a point on the surface of one the planets. Students might even produce a "space art" watercolor picture of the scene.

Groups of students could develop a short story (in the form of a story board) that takes place on the Moon and features a view of the Earth. Students could define both where the story takes place on the Moon and what the view of Earth and Sun look like.  Sketches could include both the view of the sky from the Moon and a 3d spatial view showing the orientation of the Sun, Moon, and Earth at the time the story takes place, and where on the Moon the story takes place.

Step 4 - Give students an opportunity to practice

Work in small groups in class with collections of balls to visualize the motions of astronomical objects in the day or night sky from different locales on Earth (Indiana, north pole, south pole, equator).  Use photographic images of celestial objects, ask students to figure out where or when (sunrise, sunset, etc.), the photos were taken.  Ask the students to use the balls to demonstrate the configuration of the Earth, Moon, and Sun that would produce the observed phenomena visible from Earth.  Images could include photos and images of the Earth from the Moon and images from space art of more exotic locations.

Step 5 - Assess Student Mastery

Following practice with photographs and balls, ask the students to sketch on paper (and hand in) the locations of the Earth, Moon, and Sun which would produce an observed phenomenon shown in a photograph.

Step 6 - Share What Is Learned

Once exercises to aid in the development of 3-d visualization are fine-tuned for used in classrooms, make them available to other instructors teaching basic astronomy via a website, and make them known via a poster paper at a professional meeting.  The exercises can also be shared with others in my own department, especially graduate students who teach courses.
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