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Development of NMF methods considering consumers, products, and time for
understanding relationship between purchasing behavior and psychology
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A novel new nonnegative matrix factorization (NMF) was developed. Using the
user-item matrix data and user’ s characteristics information, it can estimates the following two
simultaneously: behavioral pattern expressed by items, and the characteristics of the users who did
not take action against an item which the users should have done so according to the estimated
behavioral pattern. Thanks to variational inference of both estimations, model order selection can
be done without any tuning parameters. The interpretation procedure was demonstrated and the results

are compared with existing methods through the application to the access log data of a book
shopping website. In addition, focusing on the hierarchical structure of item labels, the other new
NMF method was developed and its performance was evaluated. The method extracts cooccurrence
relationships within each upper labels (homogeneous basis) and co-occurrence relationships between
upper labels (heterogeneous basis).
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