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Abstract: Interactive visualization is a powerful educational tool. It has been used to
enhance the teaching of various subjects from computer science to chemistry to
engineering. Surprisingly enough, in computer science education, this powerful tool i s
used almost exclusively in programming and data structure courses. This paper suggests
that visualization could be very helpful in teaching a larger variety of computer science
courses and also presents several visualization tools that have been used in the context
of an information retrieval course.

Introduction

Interactive visualization is a powerful educational tool. Visualization can provide a clear visual
metaphor for understanding complicated concepts and uncovering the dynamics of important processes that are
usually hidden from the student’s eye. Visualization has been used to enhance the teaching of various subjects
ranging from chemistry (Yaron et al., 2001) to mechanics (Hampel, Keil-Slawik & Ferber, 1999) to physics
(McKenna & Agogino, 1997). Computer science is one of the most active application areas for educational
visualization research. In computer and information science (CIS) education, visualization is used almost
exclusively in programming and data structure courses. We can name dozens of papers devoted to visualization
of program execution on several levels from machine-level languages (Butler & Brockman, 2001) to high-level
languages (Domingue & Mulholland, 1998; Haajanen et al., 1997; Tung, 1998) to algorithms and data
structures (Brown & Najork, 1997). Our claim is that a number of other traditional CIS courses could benefit
from this powerful technology.

This paper explores the opportunities for using interactive visualization in the context of an
information retrieval course. Information retrieval has been in the program of many computer, information, and
library science departments for more than 30 years. With the maturity of the World Wide Web, information
retrieval became an important practical subject. Elements of information retrieval are now taught to students of
many different specialties. We think, that information retrieval provides an interesting and important
application area for exploring the power of interactive visualization. In the following sections we discuss the
use of visualization in teaching information retrieval and present several visualization tools developed at the
University of Pittsburgh.

Visualization for Information Retrieval

The core of a traditional information retrieval (IR) course is a set of models, algorithms and
technologies for processing, storing and retrieving textual information. This core has been already explored by
now and placed on a solid mathematical foundation. Traditional presentation of this core usually starts with
several IR models (such as Boolean, vector, probabilistic and several variations of them) and then follows by
explaining how the information is organized and retrieved in each of these models (Baeza-Yates & Ribeiro-
Neto, 1999; Korfhage, 1997).

The process of retrieving the information in different models is one of the hardest topics in an IR
course. Despite being formalized and well understood by the IR research community, it is still very hard for
students to grasp. We have observed that even the Boolean information retrieval, the simplest of the models, is
difficult for students. At the same time, traditional educational tools – research or commercial IR systems -
offer little educational help. The process of retrieving the information has several steps, from getting the query
in to matching the query to the documents to prioritizing the results. In an IR system all these steps are hidden



from a user – the only thing that a user can observe are the final results – a list of ordered documents. In that
sense it is similar to a non-visualized execution of a computer program. A user can see input data and observe
final results, but it offers no help in understanding how these results were computed.

Naturally, similar contexts encourage the use of similar remedies. So, the first thing we have decided
to visualize is the process of retrieving the information in several known models. For the moment, we have
developed and explored interactive visualization environments for several models – Boolean, fuzzy, vector, and
extended Boolean (see (Baeza-Yates & Ribeiro-Neto, 1999; Korfhage, 1997) for the description of these classic
models). Since space is limited and our environments are reasonably similar we present here in more details the
one for exploring Boolean IR.

Interactive Visualization of Boolean Information Retrieval Model

The Boolean IR model is the oldest and the simplest of known IR models. In this model, a query is
written as a set of elementary queries (usually keywords) connected by Boolean operators such as OR, AND,
NOT. The mechanism of this model is set theoretical. Every query is associated with a set of matching
documents. For an elementary query such as a keyword the set of matching documents is simply all documents
indexed by this keyword. To obtain the set of matching documents for two queries connected by a Boolean
operator one has simply to perform the corresponding set operation on their matching sets (i.e., set intersection
for AND, complement for NOT, etc.). Thus in several steps, a matching set for any complex Boolean query can
be found.

While it all sounds quite simple and clear, we have found that many of our students have problems
understanding how the Boolean matching works. Our talks with students have indicated that one of the sources
of their troubles is the failure to perceive Boolean operators as operations on sets of matching documents.
Naturally, our students have good programming background and have been routinely using Boolean operators
for writing conditional expression in their programs. Still, many of them have problems transferring their
knowledge of these operators to the set context.

In developing an interactive visualization environment for the Boolean IR model we were trying to
achieve two goals: to provide a helpful visual metaphor and to visualize the process of Boolean IR step by
step. Figure 1 presents an interface of our environment. The core of this interface is a set of all documents
visualized in a table (one document per row). Note that in our system, documents are textbooks since it is one
of the most traditional kinds of documents.

Figure 1: Boolean Model Environment. Visualization of matching for a simple Boolean OR query. Documents
matching the first elementary query are highlighted.



Figure 2: Visualization of matching for a simple Boolean OR query. Documents matching the second
elementary query are highlighted.

Figure 3: Visualization of matching for a simple Boolean OR query. Documents matching the whole Boolean
OR query are highlighted.



The goal of this representation is to help the student to understand the core principle of this model –
every query is associated with a particular subset of all documents. Showing the set of all documents on the
screen makes it easy to demonstrate different subsets of the whole set as sets of differently colored table rows.
The goal of the whole environment is to help the student to understand (a) the process of matching an
elementary query to the set of the documents and (b) how different set theoretic operations work in obtaining a
new subset from contributing sets.

The student can explore Boolean matching by writing simple Boolean queries (two terms connected
by one or two operators) and observing the matching process in these steps by clicking on each of the three
buttons on the right panel.

The first button highlights the subset of documents matching the first elementary query (Figure 1), the
second highlights the subset matching the second query (Figure 2) and the third, the results of the chosen set
operation on the contributing sets (Figure 3). We choose to have three buttons to enable the student to explore
the matching process several times forwards and backwards.

Beyond the component shown on Figures 1-3 the Boolean IR environment has several other
components. In particular, to help the student transfer the understanding of Boolean IR from classic IR to the
database context, we have provided a very similar exploration interface where elementary queries are constructed
not from keywords as in classic IR but from restrictions on various fields of a database record (i.e., year = 2000
and publisher != kluwer). There is also a registration screen and an interface for a teacher to edit the collection
of documents. The environment works on the Web and is implemented as a set of CGI scripts.

Other Learning Environments

As we have mentioned, the Boolean matching environment is just one of several interactive
visualization environments that we have developed and explored. The environments for other models are
reasonably similar. In all of them we have tried to center the visualization of the matching process on a visual
representation of the whole set of documents in some form. The environments for other models are a bit more
complicated (since the models themselves are more complicated) but they also provide the students with more
opportunities for interactive exploration. For example, in the fuzzy matching model, an elementary query
corresponds to a fuzzy subset. A fuzzy subset can not be shown by simply highlighting its documents – we
need to show the “membership” of each document in a set. Thus an environment for fuzzy matching (Figure 4)
has to provide extra fields for every document to show their memberships in all contributing queries (three
rightmost columns on Figure 4) and provide the student an opportunity to re-sort the documents in the set by
the value of each of these memberships.

Altogether our environments provide a very useful suite of tools for teaching information retrieval. We
anticipate the use of these environments as both teaching and learning tools. First, we have found that these
environments provide an excellent tool for a teacher to explain complex topics of IR models. Yes, it assumes
that a teacher uses a computer and a projector in the classroom, but this is currently the standard context in
most Computer and Information Science Departments. Still, computer projectors are most often used in classes
to show the same static slides as in the age of overhead projectors and blackboards. By using the power of
interactive visualization, our environments go well beyond traditional whiteboard and slides. At the same time,
their use requires almost zero preparation time (just to plan which examples to show in order to cover the main
set of ideas). The teacher can easily accommodate very different audiences by adjusting the number of examples
to show, the speed, and the granularity of presentation. Even in a department with “computerless classes” the
environments can serve as a powerful teaching tool to handle the questions and the problems of a troubled
student in a one-to-one “office” context.

Using these environments as learning tools provides even better value. They let the students to switch
from passive learning-by-reading to active and interactive exploratory learning. By exploring a number of
different examples with an interactive visualization environment they should be able to achieve a better
understanding of complex IR topics.

We have already performed an informal evaluation of several environments as teaching and learning
tools in Summer 2001 semester and have got a very positive feedback from our students. Now we are planning
an extensive formal evaluation during the Summer and Fall 2002 semesters.



Figure 4: Fuzzy Model Environment. Visualization of matching and ordering for a fuzzy AND query.
The documents are sorted according to the value of the membership function of the compound query.

Implementation Issues

It was a critical design decision for us to implement all environments as Web-based tools. Web
interface ensures that our tools can be accessed anytime anywhere. It lets us forget about platform differences
and avoid troublesome process of installation. This is very important in the context of college education where
neither teachers nor students have full control over the computers used in the classrooms and labs. Besides, it
offers an extra benefit in the context of Web-based and distance education enriching the learning experience of a
remote student.

In fact, most of our environments were implemented with server-side CGI scripts. In the age of Java
this choice is harder to advocate. Indeed, the first “pure Web” learning environments for computer science
subjects were developed with CGI technology. Examples include both algorithm animation (Campbell et al.,
1995; Ibrahim, 1994), and program visualization (Brusilovsky, Schwarz & Weber, 1996). However nowadays,
Java is becoming a dominant technology for developing Web-based interactive learning environments.

We also use Java when it is necessary due to the highly graphical interface demands (for example, for
set diagrams), however we were trying to avoid it when it is not necessary for several reasons. First, we have
found that Java applets are not always working on the browsers installed on various campus computers.
Second, one of our projects involves wireless access to learning tools using handheld computers (that have
browsers with no Java support). Third, a CGI-based tool provides an easier platform for centralized collection
of interaction logs, which provide the most useful source of data for our educational research. Fourth, we are
working on adaptive interactive visualization (Brusilovsky, 1994) that requires the presence of a centralized
server-side student model. Overall, we think that in the cases when advanced graphics or smooth visualization
is not important the old CGI-based technology is simply better.

We should add that the suite of our tools for teaching information retrieval is available for teachers and
students of any IR courses. The home page of this project is  http://www2.sis.pitt.edu/~ir/Projects/. Currently,
all tools are running on our servers and could be used by anyone who is interested to teach or learn information
retrieval and have access to the Internet. We are also working on packaging these tools as public domain
software to be installed wherever someone wants to use it.



Currently we are working on developing several other environments to support teaching and learning
of IR. In these environments we were exploring different visualization metaphors (such as set diagrams) to
demonstrate matching process as well as the use of interactive visualization to support other traditionally hard
topics of an information retrieval course.
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