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1. Define Bottleneck
Students have a difficult time understanding how astronomers use spectrum analysis to determine the composition of celestial objects.

2. Identify the Tasks
Students must integrate into a coherent whole what probably seem to them to be disparate pieces of unfamiliar technical information.  Scientists accomplish this through a series of questions which guide them from step to step in their effort to answer some specific overarching question in mind, namely, in this case, how can we figure out what stars are made of when all we can do is observe the light they emit?

3. Model the Task
In earlier classes, I would have already talked about some aspects of light and color in the context of how telescopes work. The lesson plan below would constitute approximately one class session immediately after telescopes.

i) I will ask students to put themselves in the position of 19th Century scientists who knew little more than that stars are very big, are very far away, and emit enormous quantities of light. I will also mention that this perspective is similar to that of a detective at a crime scene.

ii) I will then do a think-pair-share in which students develop a list of physical properties of stars that they would want to know. I would acknowledge all appropriate questions, but I assume somebody out of  200 will come up with, "What are they made of?" I will write this question in big letters on the blackboard.

iii) I will then go into a lecture mode about Fraunhofer's studies of the spectra of the Sun and stars. I will give empirical information only.  I will try to get them to tell me what looks odd about the rainbow of sunlight when it is spread out enough to see that there are dark "lines" of missing color. I will show modern data that shows many thousands of such lines. I might do a conceptest at this point with flash cards to see if the class is still with me.

iv) I will ask students for suggestions about what to do next and try to use their questions as a segueway into a demonstration of what kind of light different elements emit in gas discharge tubes. I might also show how different elements emit different color flames, a classic analytical chemistry trick for identifying materials.


v) I would do another think-pair-share to see if anyone in the class can make something of this.

This might be all I could accomplish in one session. Eventually, in similar style, I would try to move on to the notion that atoms emit and absorb only certain colors of light and that each atom has a unique set of such colors (wavelengths). When we see this pattern of colors in a spectrum, we can deduce that that type of atom is present. I have some concrete demos I have always used and some new ideas for this. I will try to follow some of empirical steps that led to this understanding. spectrum analysis is now a powerful tool for probing the make-up of distant celestial objects, and I might talk about some of the results.

4.) Practice and Feedback

I would use several think-pair-shares and conceptests along the way to help gather student ideas and check comprehension and pose related questions they should be able to answer if they understand this.  Once the process reaches its conclusion, I would give a Application Card exercise. Because it might be hard, I would give them the question at the end of one period and tell them I will ask them to fill one out at the beginning of the next session and that they should think about it in between. The challenge would be to think of an application for the technique of "spectrum analysis" here on Earth.

5.) Assessment

Include questions similar to or identical to the conceptests on exams.  Analyze the results of the Application Card challenge. I will also repeat questions from exams I used in earlier versions of this class to see whether student performance improves. Unfortunately, I did not keep the detailed question-by-question records, so I will only be able to see a shift in the overall grade distribution, which includes many other topics.


6. Share

I may inject this approach to teaching spectrum analysis into hallway conversation around the department if I think it works. I have astronomy colleagues elsewhere too with whom I sometimes discuss teaching.
