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Abstract. We propose to visualize the user model in relation to the
documents that are relevant to the user’s task. Each component of the
user profile is represented by a point of interest in a reference-point based
visualization. We employ this visualization in a learning environment
where its purpose is to help the student in identifying relevant documents
for study.

1 Introduction

We propose to combine information retrieval (IR) and user modeling by visual-
izing the user model in relation to the documents that are relevant to the user’s
task. We address the workshop question: How can the user use the learned user
model? The user is aided in using the model by giving her visual access to the
relationship between her interests and knowledge (the components of the user
model) and the retrieved information (documents).

In our research, we focus on the user model in a learning environment. Stu-
dents have access to valuable resources outside of the lecture notes and required
readings. A reason that these are often not accessed is that it is cumbersome
for the student to assess their immediate relevance. When the user model is
represented in a vector based representation, it can directly be visualized in
a reference-point based visualization. In a spatial visualization like WebVIBE,
each user profile component can be represented as a separate reference point
(e.g. interest, knowledge) among other reference points (e.g. lecture, query).

The visualization can help the user to identify documents that they want to
explore, in particular its purpose is to help the student identify relevant docu-
ments for study.

2 Related Work

In most information retrieval systems the query or information need is the only
aspect of the user that is represented. No real user models are employed.

A need to employ user modeling techniques for visualization systems has been
recognized [4]. A couple of experimental tools for visualizing user models have
been proposed [5,11]. They focus on visualizing the user model itself, whereas



my work focuses on the relationship between the user model and the documents.
Spatial visualization has been researched for IR tasks, but reference points have
mostly been query terms and similar items. Even though the user profile is stated
as an obvious example of a reference point by Korfhage [6, p.163], there hasn’t
been much research on this aspect.

We want to include the user model in the visualization: The goal is to help
the students to identify documents that they want to study taking into account
the lecture topic on one hand and what is known about the student, i.e., the
user profile, on the other hand.

In the context of the learning environment we are exploring, a map based
visualization called KnowledgeSea [1] has been used. KnowledgeSea visualizes
all the concepts associated with a class and the underlying whole collection in
a learning environment. It displays a two-dimensional map of the educational
documents, with a set of keywords in each cell that describe the documents in
this cell (Figure 1). Documents that are semantically related are close to each
other on the map. If they are in the same cell, they are considered very similar.

3 Representation and Visualization

The vector model provides a consistent representation of all components as vec-
tors, i.e., of the documents, the user model components, and any other points of
interest,.

3.1 Vector Representation

In the vector model of information retrieval [7], indexing terms are regarded as
the coordinates of a multidimensional information space. Each document in the
vector model is described by a vector of term values.

A reference point or point of interest (POI) is any definable point in the
document space; it is a point or concept against which a document can be judged.
A reference point is defined by a set of weighted terms, represented by a vector
of term values.

The meaning of the value or weight differs slightly depending on the kind of
item that is represented by the vector, i.e., document or POI (see section 4), but
a higher weight always represents something like higher importance or relevance.

The user model in our research is represented as vectors of user profile com-
ponents. Section 4.1 describes how the user profile components are acquired. The
purpose of the visualization of user profile components as points of interest is to
help the student to identify relevant documents for study. In the past, relevant
documents for the student have been shown as a list, but a multi-dimensional
display may be easier to understand. It is more flexible because it can show how
the potential study documents relate to the POlIs.
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Fig. 1. KnowledgeSea map for “Introduction to Programming” class



3.2 Spatial Reference-Point Visualization

In a spatial visualization, each document is displayed as a point in the document
space and placement of documents is based on attraction according to similarity
to the reference points. Overall trends about POI-document distribution in a set
of documents can emerge from a spatial display. Spatial visualizations explicitly
visualize varying degrees of similarity.

The VIBE (Visual Information Browsing Environment) [8] spatial reference
point visualization interface focuses on presenting the document as a single entity
within a document collection. VIBE places the points of interest at the vertices of
its display. Individual documents are represented as icons [9]. VIBE is based on
the ratio of similarity measures for a document with respect to multiple reference
points. The user places the icons that represent the reference points on the screen
where a reference point can be any attribute to which a numeric association
strength can be assigned. A weighted centroid model (spring model) is then
used automatically to place the document icons according to the strength of their
relationships to the reference points. Therefore, the position doesn’t indicate the
absolute significance of a document, but instead the relative significance of the
reference points for the document. The reference points can be arbitrarily located
and moved on the two dimensional space which helps disambiguate the locations
of documents. Showing the documents with respect to multiple reference points
allows the users to perceive relationships of each document with respect to all
of those reference points.

In WebVIBE [12], the Java version of VIBE [8], the POIs are represented
by magnets as a metaphor for attraction (Figure 2); as in the original VIBE,
they define a coordinate system on the display to present a virtual document
space. Each POI in WebVIBE is based on a vector of keywords representing
a user profile component or other POI (see section 4). The structure of the
presentation is user-defined in WebVIBE as well, because the users can change
the display interactively by selecting and placing the POlIs.

4 Components and Points of Interest

The POIs for the display will be generated behind the scenes based on the criteria
described below and used for a WebVIBE display. Each POI consists of a term
vector. The following sections describe how the different POIs are derived and
represented.

4.1 TUser Model

The user model will consist of components including the student’s interest and
the knowledge of the student, each treated as a separate POI in the visualization.

The students express their interest by highlighting the part of a document
that is relevant to them or by rating the document for relevance. In a process
similar to that used for WebMate [3], the highlighted parts (or the positively
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Fig. 2. A sample WebVIBE display

rated document) are preprocessed by deleting stop words and stemming, and
possibly extracting titles to give them more weight. The frequency vector for the
document is extracted. Then it is either added to a set of vectors that represent
the student’s interests or combined with the one most similar to it.

Student knowledge is represented by weighting keywords (from unknown
to known) based on test scores. Students will take a quiz after a lecture topic
has been covered in class (this evaluation could also be done on a voluntary
basis). Each multiple choice question in a quiz is associated with some terms or
keywords (extracted from a paragraph from lecture material) that correspond to
the concept(s) addressed by the question. If the student answered the question
correctly, it is assumed that she knows the concept represented by the key-
words. Answering several questions with the same keyword correctly increases
the weight for a keyword. This increased weight represents increased knowledge
(up to a maximum).

Future work may include an explicit representation of student needs based
on test scores. In addition, group models of the class interest or the interests of
groups of students could be incorporated as POIs.

4.2 Other POIs

Apart from the user model, another important POI, the lecture topic, is rep-
resented by keywords extracted from the corresponding lecture notes document
(a set of slides). A non-homogeneous lecture will be split into two or three topics
if necessary.



In future work, other POIs such as those representing a traditional query
may be included as an option for the display.

4.3 Similarity

The similarity between the POIs and the documents is computed using a simi-
larity measure such as the cosine measure. The cosine measure has been widely
used for its simplicity and effectiveness [10]. The position of each document
within the WebVIBE display is based on the ratio of the similarity measures
for a document with respect to the POIs. A weighted centroid model places the
documents according to the strength of their relationship to the POIs.

5 Research Design Overview

Our system shows the relevant documents in a multidimensional similarity-based
display that shows relationships to the user model. The visualization displays
the relationship of the study documents to the student’s knowledge, interest,
and the lecture topic. We will explore two hypotheses. The first hypothesis is
that the students may be able to find relevant documents faster when they have
a visualization of their interest and knowledge available and use it to identify
relevant study materials. The study will determine whether there is an improved
success rate in finding relevant documents within the allotted time frame vs. a
control condition using presentation in lists, i.e., without visualization and user
model. A second hypothesis is that students are more likely to make use of exter-
nal material when they can judge its relevance with the help of the visualization.
We will conduct two kinds of experiments involving real users, the students en-
rolled in a class, to explore these hypotheses: 1. Long term observation and 2.
Controlled sessions. In addition, the students’ satisfaction with the visualization
will be assessed through a questionnaire.

5.1 Resources

Some of the needed material already exists for classes such as “Introduction to
Programming”. The existing lecture notes in form of slides build the internal
document collection. In addition, the students have access to a couple of online
tutorials as external resources. These can be referenced by page, the pages for
one tutorial making up one collection.

5.2 Visualization

Different “sections” of a class will have different conditions, e.g. one with Web-
VIBE visualization, one without (control condition). WebVIBE will be employed
in the context of the KnowledgeSea visualization [1] described earlier in this pa-
per. KnowledgeSea provides an overview of the keywords associated with the ed-
ucational documents. On the two-dimensional map of the educational resources



that builds the core of KnowledgeSea (Figure 1), each cell displays a set of key-
words associated with the documents located in this cell. Usually, the user would
be linked to a list of documents from the cell. Instead the users will be linked to
a WebVIBE display (Figure 2) so that they can see how these documents relate
to each other with respect to the POIs.

The WebVIBE display the student is presented with will have at least the
three POIs: interest, knowledge, and lecture topic as described above. The
student will want to learn about concepts that are far away from her knowledge
and close to her interest or the topic. The centroid of the lecture can be seen as a
target because it represents what the student is supposed to know. Therefore, the
student may want to explore those documents that relate to both their interest
and the lecture topic, and also look at documents that integrate these with her
previous knowledge, but not at documents that are related to knowledge only.

5.3 Experiments

Over the course of the semester, we will keep track of the documents that the
students access. Using these data, we can find out if students are more likely to
access external material if they access the documents through the visualization
system.

In addition, we will schedule a session of specified length in which the student
is asked to identify study material relevant to a specific topic. In this controlled
session, we can assess whether students find relevant documents faster with the
visualization. At the beginning of this focused session, the student will state
her goal in natural language; a list of keywords associated with this goal could
be used as a starting point for the student’s interest. In this manner, the stu-
dent’s perceived goal will be adjusted (like the model for the user’s objective in
METIOREW [2]).

6 Conclusions and Future Work

In this paper, we present a way of visualizing the user model in the context of
educational document retrieval. The visualization represents each user profile
component as a reference point. The information is delivered to the users so
they can assess the relationship between the documents and the user model.
Currently considered POIs are an individual user’s interest, knowledge and the
lecture topic.

Additional conditions that one could incorporate in a future study include
the following: One could extend the user model by (1)(a) the class interest as
a group model extracted from the interests of individual students or (b) several
separate group models based on ”categories” of students such as good, average,
and poor students; (2) an explicit representation of student needs based on test
scores weighted inversely to the representation for knowledge (i.e. low scores
get high weights) and on topics that have been covered in class, but which the



student has never accessed. This POI could prove especially useful for review
sessions.

In addition, different ways of acquiring and updating this user model and its
influence on the visualization can be explored as long as it can be represented
as term vectors. The visualization could provide additional or alternative POIs
such as the class/group interest and needs just mentioned or a POI based on a
traditional keyword query.

One could add additional document collections such as a glossary.

The WebVIBE visualization could be employed in a stand-alone fashion with-
out the context of the map based KnowledgeSea visualization.
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