
Comprehensive terminology collections, like the UMLS Metathesaurus or the OHDSI [2018]
vocabulary system, bring together multiple, overlapping, sometimes redundant vocabularies,
along with crosswalks between them, into collections for general analytic use. Users of a
comprehensive terminology system must navigate a forbiddingly large and complex space of
terms and relationships to form virtual cohorts. Existing approaches to this problem either force
the user to rely on their own knowledge or on published cohort definitions, or to manually
traverse the hierarchy using rudimentary search and filter operations based on textual and tabular
interfaces. Although visual approaches such as node-link diagrams have been tried for semantic
navigation, they have generally been abandoned due to visual clutter. Our goal is to provide
clinical researchers with better support for navigating the entire space of terms and relationships.
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The resulting supernodes can then be arranged into a table using a pivot operation where
supernodes in the same row and column share the same attribute values, and superlinks
connect supernodes in adjacent table cells. Finally, the prune operation provides a filtering
capability to hide or delete data not relevant to the task.

Our work generalizes the PivotGraph technique [Wattenberg 2006] for aggregated multivariate
graphs by enabling partitioning and pivoting on any number of attributes (rather than just two)
using a hierarchical table. Additional visualization techniques for multivariate graphs exist [von
Landesberger 2011]; our work is mostly related to GraphDice, [Bezerianos 2010] which uses a
similar attribute-based layout, as well as Matrix Cubes, [Bach 2014] which enables slicing graphs
as stacked adjacency matrices.
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A default download of the OHDSI terminology system includes: 43 vocabularies, 40 domains, 4
million concepts, 5.5 million synonyms, 306 concept classes, 427 relationship types, 27.5 million
concept relationships, 121 million concept ancestor relationships. The problem of designing
useful, intuitive interfaces for navigating sprawling collections of complex, interconnected medical
terminologies is hard.

Graph Navigation and Semantic Networks

On one hand, this seems a sufficiently specific use case to justify
custom design efforts. Our work began with this approach, as
shown to the right. It became clear, however, that we would need
new techniques for visual aggregation and navigation of graph
data building on work from the visualization community, not
specific to our use case. Our current designs use a standard node-
link diagram representation, [vonLandesberger 2011] where
nodes are rendered as labeled bubbles and links are rendered as
arrows.

Generalized visualization approaches to graph or network navigation assume that the graph itself
contains the information of interest. In the case of semantic networks like the OHDSI terminology
system, the semantic graph holds complex metadata describing the coded clinical data actually
being analyzed. The graph is present to link the clinical knowledge of analysts to the categories
and terms embedded in the data by a multitude of people, organizations, and processes
(standards bodies, clinicians, informaticians, software engineers, medical coders, billing
procedures, etc.) throughout the production and capture of the data and the development of the
infrastructures that supported it

Named P3 for Partition, Pivot, and Prune, our method starts with a single aggregate supernode
and superlink representing the entire graph. The P3 philosophy is that individual concepts and
relations do not matter except in aggregate until the analyst drills down on specific local
neighborhoods in the semantic graph. A sequence of partition operations will split the supernode
into constituent parts based on intrinsic or computed attributes.
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