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Objective

We present a prototype interactive analysis tool designed for visualization and browsing of link-entity data often encountered in investigations involving food safety concerns. 

Background

Food safety investigations can take on two forms: (1) Traceback, where one or more people become ill from consuming a product and the investigation must find the ultimate source, or (2) Traceforward, where contamination is discovered at a producer and its consequences must be traced to retail outlets and products. In the course of these investigations, data such as sales receipts, shipping records, logs, and invoices, is being successively collected from multiple sources. Quickly understanding patterns in such data is a challenge for food safety investigators. 
Methods

We propose to use link-entity paradigm to represent such data. In the proposed approach, the complex structure of relationships is shown to the user in the form of a navigable network diagram. The nodes of the network correspond to entities of data, such as food manufacturers, products, retailers, distributors, and consumers. A pair of entities is linked if the available evidence presents one or more connections between them, such as a history of supplier-receiver transactions, shared corporate membership, coincidental records of regulatory violations, etc. 

Results and Conclusion
[image: image1.emf]The tool has been prototyped in a popular spreadsheet platform. It includes data entry forms with automated validation of input data, functionality for visualization of temporal distributions of data and various network diagrams, as well as dialogs for static and dynamic filtering of the data and configuration of the results. 
The figure below shows a screenshot of the main panel of the tool with a simple example of visualization of link-entity data in which entities are labeled in accordance with their roles in the investigation. 
Network diagram visualization capability currently supports: (1) Fully interactive exploration (e.g. when an entity node is clicked, all its siblings are highlighted), (2) Zoom and pan functions to allow investigators to see specific details, (3) Three different types of network diagrams: Regular (e.g. manufacturers and distributors to consignees), Grouped (corporate group to group relations), and Product (product to consignee), (4) Various types of network layout algorithms, and (5) Image exports to clipboard or file for printing, reports, post-processing, etc.
Network-based visualizations and analyses improve understanding of data and allow investigators to more rapidly discover critical connections between events and entities involved in them. Network diagrams built for one specific type of food safety investigation (E.coli O157:H7 in beef grinding establishments) has yielded especially significant new insights into the data and provided rapid identification of establishments with recurring problems. 

Using network diagrams to represent data in food safety investigations improves understanding of complex patterns of relationships between entities. It has a documented potential to speed up traceback and traceforward investigations. Future research includes leveraging historical data to probabilistically guide active investigations, and using active inference methodology to bring the investigators’ attention to the most critical and potentially most informative pieces of unknown yet evidence.
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