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The Changing Landscape of 
Astronomical Research 
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“If you are not overwhelmed by the rush of new ideas, 

then you are not paying attention.” 
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Party with your data ! 
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Cultural issue #1 that needs to be 
acknowledged: 

Astronomers have been and always will be 
Data Miners 
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Cultural issue #2 that needs to be 
acknowledged: 

Astronomical Data Mining is Research 
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Astronomical use cases in large surveys that can 

be advanced with Petascale Machine Learning: 
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–! Which combinations (linear or non-linear functions) of observed parameters 

correlate most strongly with distance (i.e., what is the most accurate 
estimator)? (e.g., Photo-z)  
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–! Finding new classes (and sub-classes) of objects and behaviors 
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–! Finding rare, one-in-a-million(billion)(trillion) objects and events 
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–! Finding the unknown unknowns 
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–! Finding new patterns and dependencies, which reveal new physics or new 

scientific principles 
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–! Finding principal components, fundamental planes, and condensed 

representations among hundreds of attributes 
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–! Finding distinct clusters (Classes of Object) among 1010 objects that overlap in 

a 103-D parameter space  (e.g., analogous to star-galaxy separation) 

Some Informatics Use Cases that I would like to see: 

•! Query-By-Example (QBE) science data systems: 
1.! “Find more database entries that are similar to this one” 

2.! “Find another object that is like this one” 

•! Automated Recommendation (Filtering) Systems: 
1.! “Other users who examined these data also retrieved the following...” 

2.! “Other data that are relevant to these data include...” 

•! Information Retrieval Metrics for Scientific Databases: 
1.! Precision = “How much of the retrieved data is relevant to my query?” 

2.! Recall = “How much of the relevant data did my query retrieve?” 

•! Semantic Annotation (Tagging) Services: 
–! Report discoveries back to the science database for community reuse 

•! Transparent reuse and analysis of scientific data: 
–! Enabling authentic science experiences in the classroom through 

inquiry-based learning (http://serc.carleton.edu/usingdata/) 

•! Key concepts that need defining (by community consensus): 
Similarity, Relevance, the Semantics (dictionaries, ontologies) 
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Data Science Research Challenge Areas to be 

addressed the next 10 years 
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Addresses the data science challenges, research agenda, application areas, 
use cases, and recommendations for the new science of Astroinformatics.$
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