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The notion of information scent has been used in developing models of people seeking information in document-clustering browsers, highly interactive information visualizations and the World Wide Web. Information scent refers to the detection and use of cues, such as World Wide Web (WWW) links or bibliographic citations that provide users with concise information about content that is not immediately available. The information scent cues play an important role in guiding users to the information they seek, and they also play a role in providing users with an overall sense of the contents of collections. This paper presents a detailed theory and computational models of the psychology of information scent. 


In order to make navigation choices, foragers have a preference function for evaluating interface objects and actions, and a choice rule for selecting among those alternatives based on those evaluations. These evaluations are based on proximal cues on user interfaces. Evaluation involves a categorization problem in which the information forager must be able to go from past experience and the available proximal cues to infer unobserved features of the distal items.
Building on the ACT-R theory, the theory of information scent assumes a hybrid of two category models: (a) Prototype-based categorization and (b) Exemplar-based categorization. Bayesian rational analyses have been developed for both forms of categorization. These Bayesian rational analyses can be mapped onto spreading activation mechanisms that can be incorporated into cognitive models. These mechanisms rely on spreading activation networks that reflect the statistical structure of the occurrence and cooccurrance of features and concepts in the world (in a sense, they are a very simple form of Bayesian networks). These networks can be computed automatically from a variety of sources, including the World Wide Web. 


The user's cognitive task is to predict the likelihood of the desired distal information from the proximal cues available on their interfaces. This is modeled in spreading activation networks that associate cognitive chunks representing the user interface to cognitive chunks representing users' goals. When proximal cues are encountered, corresponding cognitive chunks emit activation that flows along associations to goal chunks. The strength of associations reflect Bayesian log likelihoods of goal chunks given the context of proximal cues. The stronger the associations (reflecting greater predictive strength) the greater the amount of activation flow from proximal cues to cognitive chunks representing user goals. The amount of activation accumulating on goals chunks reflects a Bayesian prediction of the likelihood that goal will be achieved given the proximal cues provided by the interface.


The information scent theory incorporates the Random Utility Model (RUM) framework. Given certain RUM assumptions, a multinomial conditional logit model can be developed to map activation values onto navigation choice probabilities. This model of navigation choice, based on spreading activation networks and the RUM, has been incorporated in a cognitive model (ACT-IF) of user behavior in with the Scatter/Gather browser, and most recently user interaction with the WWW (SNIF-ACT). User data collected in the laboratory using application logs and an eye tracker have been fit to the models with a user-tracing architecture. This architecture matches a model to moment-by-moment user behavior. Both models (ACT-IF; SNIF-ACT) achieve excellent fits to the complex browsing behavior of users working on given tasks. The RUM/spreading activation model is also the cornerstone of the Bloodhound system, which takes a WWW site and a specification of a user tasks and produces an automatic usability report based on an analysis of user paths predicted by information scent.

It is possible to use the theory of information scent to infer user goals from observed user behavior. The Lumberjack system takes standard WWW proxy server logs and infers the information needs of users. Statistical machinery based on the multinomial logit (from the RUM) can be used to map user navigation choices (revealed preferences) back onto a predicted likelihood of the concepts involved in the user's information need.


It would be advantageous to be able to predict the mental categories induced by users working with different kinds of interfaces and for different user experiences with content. A category learning model was developed that was exposed to the same interface interactions as users in a study of two browsers. The model implemented the ACT-R categorization learning procedure. The simulation produces the same pattern of category structure and category coherence observed in users of different browsers.


Models developed in this theory of information scent can (a) predict where people will navigate or what information resources they will select based on their information need, (b) infer what information needs they have, given observations of their navigation or information selections, and (c) infer the category structure that people will induce from interaction with an information system.
