








Figure 2. The current version of the Unified Astronomy Thesaurus is available on GitHub.

We decided to experiment with descriptive identifiers and released a minor version update (version
1.1.0) about six months later that also re-standardized the Uniform Resource Identifiers (URI). It was
argued that descriptive identifiers would help to make the UAT more human-readable; i.e. a user
would know just by looking at the URI which concept was being referred to. However, we found
descriptive identifiers to be too rigid for the amount of changes and updates still being made to the
UAT. We reverted to numeric identifiers in the version 2.0.0 release on January 31, 2017.

The version 2.0.0 release also included an attempt to add context, clarity, and consistency to
a large number of concept labels. For example, instead of just using a label such as "A dwarf,"
we extended the label to "A dwarf stars," likewise "Double-mode Cepheids" became "Double-mode
Cepheid variable stars," and so forth. These changes added additional information to each concept
so that they could stand without the context of the UAT hierarchy, allowing them to be more useful
as keyword tags. During this update we also discovered and removed 9 duplicate concepts, added 16
new concepts, and moved a few concepts from one parent to another. As of this writing, the version
2.0.0 of the Unified Astronomy Thesaurus is the current version and it includes 1843 concepts, with
11 top concepts, a depth of 10 levels, and 320 related concept links.

4 Contributing to the Unified Astronomy Thesaurus

As described above, the librarians and researchers often used a web-based visualization tool to explore
the hierarchy of the UAT. It was a popular tool for analyzing the structure of the UAT since it easily
displays the relationships between concepts, allowing researchers to understand how each concept fit
into the greater context of the Thesaurus.

During the course of updating the UAT from beta to version 2.0.0, we made extensive updates to
this web-based visualization tool. Instead of simply being a way to browse through the Thesaurus,
it can now be used to directly submit suggestions and feedback. Upon launching the Sorting Tool
([6]), as we now call it, the user selects a specific branch of the UAT to work on. Then, as with the
original visualization tool, they may click open a concept node to view its child concepts. Those
concepts can also be expanded to show their children, and so on. The entire hierarchy of a branch can
be displayed this way, within the limits of the display device. The extended capabilities now allow a
user to click and drag a concept, moving it from one node to another. Changes are immediately visible
on the screen, so the user can get a sense for the full context and implications of their suggestions.

Figure 3. Example of the UAT Sorting Tool in use, concept "Exoplanet formation" is being moved to "Exoplanet
dynamics."

Should a concept be deemed unnecessary, it can be moved to the "orphans" node, indicating that the
user believes that this concept does not belong in this particular section of the UAT and should be
considered for deprecation. Finally, by using the "Add Concept" input box, the new Sorting Tool lets
users suggest new concepts. The new concepts will appear on the "orphans" node, and can then be
dragged wherever in the hierarchy a user thinks they may belong. (see Fig. 3)

Once a user has finished re-arranging the concepts and has made all of the suggestions that they
believe are necessary, they are asked to include some personal information, such as name, email ad-
dress, and institution. We ask for this information so that we may verify the validity of the suggestions
and reach out for questions if needed. A radical suggestion sent from a respected specialist in the field
would garner more weight than a similar suggestion from an unknown user. Lastly, there is also a
space provided for additional comments, should the user wish to make note of anything in particular
or give an explanation for their suggestions. At that point they simply need to click the "submit"
button and an email is sent to the Curator for the Unified Astronomy Thesaurus.

5 Tracking Suggestions to the Unified Astronomy Thesaurus

Throughout each revision of the UAT, we have been accepting and incorporating feedback, most of
which was received via email. In addition to feedback generated by the Sorting Tool, we would
also receive unstructured emails, often containing multiple suggestions. Although many of these
suggestions were clear and easily incorporated, some suggestions were complicated, requiring further
thought and consideration. Tracking which suggestions from which emails had been enacted and
which were still pending quickly became very difficult. Additionally, by holding the suggestions in
the personal email inbox of the UAT Curator, we noticed that we were essentially creating a "dark
archive" of feedback that only one person could see, act upon, or reference.

Since we had already been using GitHub to publish release versions of the UAT, we decided to use
GitHub Issues, the associated platform for managing suggestions for software updates, as our web-
based platform for tracking feedback. We opened the first Issue on GitHub on November 18, 2016 by
copying the contents of emailed suggestion into the web-based platform. One benefit of using GitHub
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was that each suggestion now has an open discussion forum. Not only can users search Issues to
see if their feedback has already been submitted, they can create an account to add to the discussion.
GitHub also has functionality to collect Issues together into a "milestone," which can then be linked
to a release. This helps to create and maintain a log of changes, showing the provenance of the UAT
as new versions are released.

6 The Future of the Unified Astronomy Thesaurus

In addition to the pending feedback that has already been received, the Curator for the Unified As-
tronomy Thesaurus has identified concrete areas that need improvement in order to move the UAT
forward. Specifically, the UAT has some obvious gaps in content surrounding the topics of publish-
ing, astronomical modeling, and software. Each of these subjects stands out as something that will
only become more important in the future, and yet none are well covered in the UAT. Work has already
begun on a comprehensive examination of these topics to draw out relevant concepts that can be used
as a starting point for building new sections within the UAT.

To make full use of its linked data capabilities, we need to build connections between the UAT
and other existing vocabularies. These would include general linked data sources such as Wikidata,
specific vocabularies such as the Space Object Behavior Sciences taxonomy, helmed by the University
of Arizona, and a potential taxonomy of astronomical instrumentation.

Another goal for improving the UAT is to include definitions and examples for concepts that are
new to the field of astronomy or somehow ambiguous.

As for soliciting feedback in the future, GitHub Issues has created a fantastic springboard for
launching conversations. Many of the suggestions are not trivial, meaning that to accept the change as
stated might have broader implications over the UAT as a whole. These things require conversation,
discussion, and contextualization. As we have learned from our work on the Unified Astronomy
Thesaurus over the last few years, the most comprehensive feedback we have received came out of
these types of discussions. To that end, we will be piloting focus groups with the aim of hashing out
some of the thornier suggestions for the UAT. It is our expectation that these discussions will yield not
only reasonable solutions, but also additional suggestions and feedback which will need to loop back
into future focus groups.

In order to remain relevant as new discoveries are made in astronomy, the UAT must be considered
a continual work in progress.
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