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Our research questions are motivated by problems
involved in interactive information retrieval. Current
research tackles two fundamental problems i) measuring
cognitive demands imposed on users engaged in
information search, and ii) detecting relevance decisions.
We employ three types of techniques: eye-tracking,
functional magnetic resonance imaging (fMRI), electroencephalography (EEG). Our work thus far has focused
mainly on measuring cognitive effort using traditional
methods from experimental psychology (e.g., dual-task:
Gwizdka, 2010) and eye-tracking (Cole et al. 2011; 2010).
In the present projects we investigate the possibility of
detecting relevance decisions. Information relevance
judgment has been conceptualized mostly as an atomic
judgment about the relation of an information object to a
user's current information need. We hypothesize that
there are fundamental neural processes associated
relevance decisions and we propose that these processes
can be detected by EEG or fMRI. Relevance decisions are
important events during interaction with a search
system. They can indicate user’s interest, user’s progress
in a task, and reflect the search system's effectiveness. In
experiments relevance is often measured in terms of
cognitively-mediated explicit actions, such as saving a
document, or through self-assessments of content
relevance. Direct and non-intrusive detection of
relevance decisions would provide an objective and
deeper means to capture this important aspect of the
user’s mental state while in the 'flow' of search and so
enable study of search behaviour in natural settings.
Cortical correlates of relevance decisions have received
some attention. For example, Wakusawa et al. (2009)
conducted an fMRI study comparing behaviours and
objects that are relevant or irrelevant to a situation.
Brain response regions were found to differ for
behavioural and for object irrelevance, while relevant
behaviours and objects activated the same regions. It is
not clear if judgments of objects and behaviours are
related to judgment of information relevance, but this
work shows there is specific brain activation for both
relevant and irrelevant judgments and so it is plausible
that the brain activity in information relevance
judgments is measurable. This hypothesis received
partial support from EEG study conducted by Behneman
et al. (2009), who showed that changes in the EEG (theta
and alpha bands) can be used to distinguish relevant and
irrelevant sentences to a given information need.
We explore the hypothesis that the brain activity in
information relevance judgments is measurable and we
are presently conducting experiments in two settings:
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EEG+eye-tracking
and
fMRI+eye-tracking.
The
experiments have the same design (Figure 1). Each
subject performs two types of tasks: 1) word search, and
2) information search. The 1st task involves locating a
given word in a short text displayed on screen and is
expected to require low-level orthographic processing.
The 2nd task involves finding relevant factual
information in news stories and is expected to require
high-level lexical/semantic processing. We hypothesize
that the two tasks involve activity in different brain
regions. To ensure that the subjects actually make
relevance judgments, each information search task
contains an additional review phase (Figure 1). Each
session includes 30 pseudo-randomized trials of each
task type, as well as a few training trials.

Figure 1. Experimental Design
We believe that establishing fundamental distinctions in
brain activity related to information search should lead
to a better understanding of the search process and, as a
consequence, to the design of better search engines.
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