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Project Summary

This assignment was developed in real time in the fall semester of 2019 for ASTR 591, Stellar Astronomy. This is an upper level astronomy course aimed at juniors and seniors who are either physics or astronomy majors. There is no official prerequisite, although the majority of students will have had a calculus-based introductory astronomy course.

Stellar Astronomy is designed to cover such topics as spherical geometry, the photometric system, absolute and apparent magnitudes, the Hertzprung-Russell diagram, binary stars, variable stars, and open and globular clusters.

In an effort to boost the computational and research skills of our students, I introduced a semester-long computational project. The project was designed to synthesize multiple topics throughout the semester, and culminated in the students writing a journal-style article. Aspects of the project were redesigned throughout the semester, based on the needs and skills of the students, so the original PDF handout does not reflect the final form of the project. Therefore, the .tex file should be amended to suit the needs of future instructors. [NOTE: KU Libraries does not allow the inclusion of a .tex file. Please email me, and I will share it.] I also sought feedback from students about how to adapt the project in future semesters, which I include below.

For the project, each student measured the age of a globular and open cluster using data from the Gaia mission. Multiple students measured the ages of each cluster, but they worked independently. After the students submitted their ages, I compiled them into a table. Each student then used this table to compare their results and write a journal-style article.

I selected seven globular and open clusters and downloaded the parallaxes and photometry from the Gaia DR2 archive (https://gea.esac.esa.int/archive/). I saved all of the data in a master catalog that the students used to select cluster members on the basis of RA and Dec. 

All code and necessary data files can be found at https://github.com/hamblin-ku/KU_Stellar.

The students determined the age of their clusters by fitting an isochrone by eye. This is different than what is listed in the project handout, as I initially thought they would use a chi-squared method. However, this turned out to be difficult to implement in the code. The isochrones were downloaded from the website maintained by Leo Girardi: http://stev.oapd.inaf.it/cgi-bin/cmd. I provided only a limited number of isochrones, which varied only in age. This means that the isochrones were not a perfect fit to all clusters.

Finally, I had the students write a journal article in LaTeX, using the Overleaf website. They had to discuss how they obtained their ages, how the ages of globular and open clusters compared, and how age varied with distance from the galactic center.






Proposed Changes based on Student Feedback:
I solicited feedback from the students and received thoughtful suggestions for future implementation, which I include here.

“We ran into quite a few programming problems with this project. While we, as students, may not have been able to solve some of them, I think it would be interesting to have students fix a few simple programming problems in the future. Perhaps instead of having students write code from scratch, they could be given a block of code with a simple error or two in it. They would then have to figure out what the code is supposed to do and then fix it.”

“I think it would be nice to split the project up into smaller coding parts or notebooks. This would be a little less daunting and I think it would give students a sense of accomplishment and progress throughout the project. Also, I think small questions about what the code is doing would be a nice way to get students to really think about what is going on. I know at times I was very confused about what I was doing when running the code we were provided.”

“One thing that I thought could have been better is that throughout this process, we never really directly interacted with the data. It was more us providing the equations, and then, if we wanted, we could see how the data was actually being managed.” [NOTE: In future semesters, I plan to adapt the project and have students download data from Gaia directly.]

“The final improvement that could be made would be to add more instructions and documentation to the instructions sheet. Sometimes I did not understand why we were applying a certain step in the program. It would have been really helpful to have a bit more documentation in order to be able to make the connections between what we were doing for the project and what we learned in class.” [NOTE: I wrote the original project description before the code was written. Now that the code has been developed, I can add code snippets and line numbers to the project description.]


Project Feedback from Students:
Finally, I include some of the positive feedback I received that demonstrates the worthwhileness of including this sort of computational research project in an undergraduate course. 

“I think it was a great way to introduce a research aspect to the class and to have students learn a little bit about coding. Additionally, I think it was a nice introduction to writing an astronomy paper and also reading astronomy papers.”

“Getting to take our knowledge of stellar evolution and abstract that to the idea of an isochrone was already really useful in its own right. The ability to then take that and actually use it in practice and see the results that we got was invaluable. It caused me to think much more deeply about stellar evolution in the context of star clusters, as well, and I feel like I internalized the difference between the types more than I would have had we not done the project.”

“One thing that I thought was really valuable about this project was the exposure to the python programming language and the use of Jupyter Notebooks.”

“Another thing that went well with this project was that we were able to apply concepts that we learned in class. Stellar Astronomy is a very wide field and we covered a lot of material during class. Without a project like this to tie everything together the topics could feel a bit disjointed...One example of this is how we removed contamination from field stars in our clusters by adjusting the angular distance and parallax thresholds. While I knew how to calculate parallax and angular distance before, this gave a real world application of when to use these calculations.”
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