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Step 1: Define a Bottleneck

Many students enrolled in introductory astronomy courses do so to satisfy distribution requirements, rather than to fulfill prerequisites for more advanced coursework.  Most of the students major in disciplines outside of science and many are uncomfortable learning science, expecting to do poorly.  These students often have difficulty learning science concepts.  In part, this difficulty arises because the students are unfamiliar with visual, graphical, schematic, and mathematical depictions of ideas.  Science concepts, particularly in astronomy, are often portrayed through non-verbal means.  Many students in introductory astronomy have difficulty visualizing the relative orientations, motions, and rotations of bodies in space.  Astronomy textbooks include many images and graphics, yet the students focus on the text for their learning, rather than the graphics.  To understand astronomy, students need to develop skills to model the spatial and temporal relationships among objects.  Unless students can shift perspective to view the celestial bodies from different locations, they are unable to understand the causes of the various celestial phenomena, or to learn them.

Step 2: Define the Basic Learning Tasks 

Astronomers use graphical depictions and construct visual models in their heads to represent astronomical concepts.  Astronomers can view these internalized models from any orientation they choose (from above, below, any side, or angle).  They can also imagine these bodies in motion, and the changes that the bodies effect on each other.  Students need to understand the role that non-verbal depictions of ideas play in astronomy and to learn to utilize these tools. 

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), 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.

Step 3: Model these Tasks Explicitly 

$            I began the first week by describing the importance of visual models to understanding astronomical concepts and by describing how astronomers use graphical, schematic, mathematical, and visual models to portray and understand ideas.

$           During the first week I demonstrated the use of physical models to portray a familiar object in the night sky – the Moon.  Students are used to seeing the phases of the Moon, yet most have not considered the spatial relationships among the Earth, Moon, and Sun that lead to the location of the Moon in the sky and the phases we see.  Students worked in small groups with different-sized balls to help them visualize the orientation and motions of these bodies, and were encouraged to view the Earth-Moon-Sun system from different perspectives:  from different points on the surface of the Earth and from space.  

$ 
In parallel with three dimensional physical models, I used two dimensional, schematic depictions of the Earth-Moon-Sun system to assist students in relating two and three dimensional representations of astronomical bodies.

$           I also used photographs of the Moon and images of the Moon in art to demonstrate how to translate what is seen in the sky into a three dimensional visual model.
$           Repeatedly during the first few weeks of the semester I return to three dimensional visual models to demonstrate less familiar astronomical bodies in motion in space, including the motion of the Earth around the Sun, the seasons, and the motions of the stars in the sky.
$           Where appropriate, I used visualization software on computers to show what a phenomenon might look like from another perspective.
Step 4: Create Occasions for Students to Practice These Steps and Receive Feedback
$ 
During the semester, students continued to practice visualization through activities during class.

$           When we covered the internal structure of the Sun, energy generation from fusion reactions, and the transport of energy out of the Sun, we used colored balls representing hydrogen and helium nuclei and Java Applets to simulate nuclear fusion reactions, and balloons to simulate convective and radiative heat transport.

$           When I introduced the Hertzsprung Russell Diagram, a basic graph relating the brightness and temperature of stars, students worked in groups with sets of the nearest stars and the brightest stars to help them begin to organize the properties of stars using graphical relationships.  We then discuss as a class together the relationships they have found and the larger meaning of these relationships.

$ 
When we discuss the evolution of stars and the role that star clusters play in our understanding of stellar evolution, students simulate a star cluster with balloons representing stars, and we “evolve” the cluster until the massive stars explode as supernovae.

$ 
Students undertake homework projects to continue to develop spatial modeling skills, including projects that involve graphing and visual representations of astronomical ideas.  These visualization projects include a work of art representing an astronomical idea, sketches of the night sky, a moon journal, a children’s book, posters, and websites.

Step 5: Assess how well students are mastering these learning tasks


$ 
During class activities, I circulate around the classroom and talk with individual students to assess how successful they are at mastering the concept being demonstrated, and to identify specific misunderstandings.
$           During class activities, I use answerback devices to assess how confident students are that they understand the concept being demonstrated.
$ 
During class, students are asked to draw a concept maps that illustrate spatial, temporal or conceptual relationships in astronomy.  These are evaluated for the level of detail and for the appropriateness of the relationships illustrated.
$ 
After projects are completed, students are asked to answer two questions:  1) how did the project contribute to the student's learning about astronomy and 2) how could the project be revised to enhance student learning.  This CAT will allow me to assess whether the projects help students achieve learning goals, give me information to improve the project assignments, and help the students assess how and what they have learned from doing the project.
Step 6: Share what you have learned about your students’ learning
$ 
The results will be published in New Directions in Teaching and Learning
$           Experience will be shared with graduate students in the Astronomy Department who teach similar evening and summer courses.

$           Summaries of activities will be posted on the departmental teaching resources website.

