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INTERACTIVE TUTORING MODEL USING
INFORMATION CYCLING ON THE WWW
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Abstract

The goal of this article is to describe a user system framework that
provides tutoring and testing. Because this tutoring system helps
to introduce definitions and simple relations among concepts, it
is suitable for classroom use. For every individual, the mode and
amount of information delivered is personalized by the system order
to achieve optimal information delivery, each user is characterized
by a set of parameters. These parameters are used to minimize
the time of the learning process. We consider only the parameters
that we believe are the most significant, namely, the number of
presentations that allow the user to pass a test without the need for
future cycling of the same unit. The system was developed using the
PHP and XML programming environment. We present preliminary
classroom results along with statistical simulations of the system.
Typical application domains were simple procedures from discrete
mathematics, probability, computer science terminology, statistics,
and elementary vocabulary. The presented implementation via the
XML data structure is intended for the future WWW where servers
can exchange tutorial materials developed by different authors.
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1. Introduction

In this article we will describe an information-cycling sys-
tem. The task of the intelligent tutoring system (ITS)
can be briefly characterized as sequencing, diagnosis, and
responding to user requests for instructional material. In
the ideal case, the material is constructed on demand,
and intelligent remediation can be performed at any level.
The ITS system’s functionality has two aspects: material
sequencing and mistake diagnosis. A logical mistake should
be corrected by providing the appropriate information.
The strategy of presentation may depend on the user. The
extent to which the content and the presentation strategy
should be controlled by the user profile is one of the crucial
questions of ITS. Weber [1] reports moderate to no effect
of a single adaptation technique.
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In our Information Cycling and Diagnosing (ICD)
system, each unit is presented by cycling items of a unit
in the form of definitions, statements, and quizzes. A final
test allows the user to leave the unit and to pass to the next
one. A user path through the system can be characterized
by a set of parameters. We have limited our attention to
only two adaptive parameters for each information unit.
We believe that the most important parameters control
the number of unit cycles and the unit exit criterion. This
means that each user is associated with a recommended
number of cycles for each unit, and this parameter can be
adjusted in order to minimize the length of the teaching
process. The other meaningful parameter that we have not
used is the amount of information presented at a time. A
further issue that was not investigated is the parameters
that describe the scoring information to the user. These
issues have important psychological value and should be
analysed separately and rigorously.

The knowledge domains we have investigated were
algorithms for solving linear algebraic equation using the
Gauss—Jordan method (GJ), theoretical computer science
statements such as the Euler circuit theorem (Konigsberg
bridges theorem), and elementary French vocabulary. Our
goal is to compare tutoring mini-systems that can be
effective in the introductory university-level classroom. We
are interested in using interactive educational tools to
introduce key vocabulary and concepts. From our class-
room experience, we have seen that students can benefit
substantially from interactive information cycling. When
students are exposed to vocabulary training before an
instructor-led lesson, difficult concepts can be introduced
more easily. This idea has been applied in classrooms in
which the majority of the students are required to take
mathematics or computer science but are not required
to understand deeper principles such as proofs. This sys-
tem is particularly useful for students who need to gain
an understanding of the basic vocabulary and concepts.
Introducing the different number of cycles (parameters)
or repetitions of items of a given unit is motivated by
the fact that even within the same classroom, there are
differences in presentation needs. The differences among
users in such a classroom setup reflect skill level rather
than background level. In accommodating a variety of
presentation needs, the user system reflects skill level
in both reducing redundancy for more skilled users and



maintaining an appropriate level for those less skilled.
The targeted users for our ICD experiments were under-
graduate students of mathematics and computer science
classes at the Morgan State University. Five classes,
ranging from 10 to 20 students, participated in the
experimentation.

2. Flexible and User-Adaptive Systems

We call systems flexible when they allow a user to proceed
to the following unit as soon as a test question(s) is
(are) correctly answered. Such systems are simpler than
user-adaptive systems and can be implemented using a
simple environment such as JavaScript. Alternatively, we
define user-adaptive systems as those that utilize more
than merely pass—fail data. The defining characteristic of
a user-adaptive system is its (optimal) utilization of the
user profile data. Each individual’s profile is established by
collecting data intrinsic to the user, such as the number
of cycles necessary to memorize a set of information. The
profile data are acquired during a user session in which
the individual is classified in a category based on the
performance data. The category is established on a pre-
test basis or simply initialized to one pass per each unit.
Because flexible systems use only pass—fail criteria, the
literature usually refers to only user-adaptive systems as
being adaptive.

3. Evaluation of User Path

A number of successful systems for learning and teaching
have been developed (e.g., [2, 3]). The task of measur-
ing complexity of adaptive and non-adaptive systems was
addressed at the Workshop on Empirical Evaluation of
Adaptive Systems [3, 4]. The parameters describe, for
example, how much information and how many times it
should be provided. Although some systems use adap-
tive parameters, they are not clearly evaluated in the
literature against non-user-based systems. Regardless of
the nature of adaptive parameters, the goal of a user-
adaptive system is to lower the complexity of the individual
path. However, the complexity of the user behaviour as a
path between information gathering and knowledge test-
ing is difficult to evaluate. Therefore, in this work we
restrict our study to a simplified description where the
cycle path is a record of number of cycles per each
unit. The goal is to analyse and evaluate the difference
between the number of operations of the user in adap-
tive systems versus flexible systems. In some instances,
such as GJ elimination, the number of operations esti-
mated based on the user profile can be significantly higher
and closer to the user’s needs. Consequently, the user-
adaptive system is more efficient because the user passes
only one exit test, whereas the non-adaptive system user
must remediate through entire units including the exit
test. The complexity of implementing a user-adaptive sys-
tem is much greater than that of implementing flexible

systems and must be always considered in the overall
analysis.

4. User Path Optimization

Flexible interactive systems continually provide a sequence
of information items until test questions are successfully
answered. In the ICD system, the user profile specifies
the number and type of cycles that are needed to answer the
test question correctly. Depending on the nature of the
mistake, the user either repeats an information cycle at
the same unit or is returned to some of the parent (prereq-
uisite) units. One example of a flexible system is the GJ
elimination training tool experiment presented in [5]. In
this experiment, the user is offered GJ elimination steps
as a quiz until a criterion is satisfied. No user modelling
is required because the number of cycles is added one
by one as necessary. However, if a learning goal contains
the GJ procedure as one of its components then a user
model may be required. More extensive training may be
needed for the units that have the GJ as a prerequisite.
In an average situation, one unit has several prerequisite
units. For example, a typical graph of a recommended
path is not a mere series of units, but a path through a
directed acyclic graph that was studied in [6]. Therefore,
in user systems the test questions, or more precisely, the
user’s wrong answers should also point to a particular
prerequisite knowledge. Thus, the exit test involves a task
that requires all prerequisites. For example, the ability
to correctly apply the Euler theorem (Konigsberg bridges
theorem) can be used as an exit test. Tests for prerequis-
ites involve definitions of graph, connected graph, cycle,
Euler cycle, and degree. For a typical situation, see the
Euler theorem diagram and normal equations diagram in
Figs. 1(a) and (b). This approach can be applied for differ-
ent domains. The similarity of the tutoring of domains such
as Konigsberg bridges and French grammar is based on the
representation of information in the form of a tree where
each vertex represents a statement, definition, example,
sentence, or sentence component. We will consider simpli-
fied situations that are still pedagogically important. In the
simplest scenario, the micro-strategy within a unit cycles
item of the unit (definition, quizzes) until a criterion is
satisfied, assuming that each definition and quiz have been
seen once successfully. The macro-strategy is to follow the
recommended sequence of units, which in some instances,
as in the above-mentioned case of the user returning to the
parent unit, may be repeated. Each cycle (pass) through
the unit is recorded. The numbers of cycles generate
a sequence that we call the cycle path ci,ca,c3,...,cn.
The cycle path is not the actual path through the unit
items. We ignore this potentially useful information in our
simplest model because we believe the number of cycles
itself is the most relevant information. This belief comes
from personal teaching experience: we do not regularly use
this type of information for teaching. A set of definitions,
statements, and quizzes is used in each unit. The number
of included components is higher than the number of
actually used components for each user. This is to assure
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Figure 1. (a) The Euler theorem domain. (b) The normal
equations domain.

sufficient variability of presentations. In the following we
describe two cases for user-adaptive and flexible systems.
Case 1. First, we will assume that units are inde-
pendent. Each unit is self-contained and consists of several
definitions, statements, and tests. Units are visited by the
user in a sequence. Each user is assigned an initial number
of cycles for each unit. This initialization is based on a
pre-test or on a constant sequence (1,1,1,...,1), that is,
each unit is cycled one time and, if needed, more cycles
are added. A unit exit test follows. When the exit test is
failed, one cycle is added to the cycle path vector and the
unit is presented again. The user type is represented as a
cycle path vector cq1,co,cs3,...,c, where n is the number
of units. The user types are initialized to constant vectors
(i,4,8,...,1), « = 1,2,3,.... Note the difference between
the initialization of an individual user and a prototype user.
The i represents the best estimate of the number of cycles
required for a given user. This number i is later adjusted
by the system based on the user answers. Using one of the
presentation strategies, we repeat items within the same
unit, never returning to the previous unit (in this simplest
scenario). Examples of presentation strategies are:

1. present definitions/statements and then ask questions
in the multiple choice form,;

2. present definitions/statements and then ask questions
in the form of a missing word;

3. start with presenting questions and then follow
schedules 1 or 2.

Clearly there are many different strategies with different
degrees of efficacy.

The distance from a new partial (not all units com-
pleted) or complete cycle path to known user types is
measured, and the cycle path is assigned to the closest user
type. This membership determines the number of cycles
needed to complete the given unit. The unit is completed
when the exit criterion is met. The criterion is defined
either by an exit test or by a score level. All cycle paths are
clustered, and representative members of resulting clusters
are used as user types. The variations of the cycle path
vector components ¢y, ¢, C3, ..., ¢, indicate the degree of
difficulty of a unit. In the ideal case of uniformly authored
units, the components ¢; would be constant for each user
type. If there is more than one presentation strategy, we
can utilize all strategies in order to minimize the number of
operations. One identification procedure can be formulated
as follows: assuming that we have more than one strategy
available, we can alternate them and attempt to match
subcycle paths with user types.

Case 2. We assume that one unit depends on a set of
other unit-prerequisites. Dependent units can be visualized
as children nodes of parent nodes in a graph. For dependent
units, we made a requirement about test questions. Each
test question about a child node is phrased so that it
points to the remediation unit(s). The frequency of visits
of prerequisite units is used for modifying the number of
cycles estimated from individual units.

A user can be either under- or over-classified. If a user
is incorrectly under-classified a penalty is paid, because
of additional cycles and exit tests that need to be pre-
sented when remediation occurs. The penalty for finding
the correct remediation also applies. The over-classification
produces a penalty for redundant exit tests and operations
within a unit. The main objective of the cluster analysis
is the classification of users. This means that each future
user can be, after several units, classified as falling within
a certain class. Likewise, his or her path through the sys-
tem can be optimized. By optimal, we mean that the cost
of the user’s learning counted in the number of opera-
tions (cycles) and unsuccessful tests is minimal for a given
teaching strategy and stopping criterion.

5. Examples

One of the learning strategies (Case 2) allows the user
to return to the prerequisites. This strategy assumes that
authoring provides test questions that allow us to identify
the cause of the incorrect answer. We assume that each
unit is in the form of a small tree with three or four parents.
A good example is again the Konigsberg bridge theorem
(Euler circuit theorem) (Fig. 1).

We will take a look at a fragment of a session with
the system. For example, the system can ask the user to
list the properties of a presented graph. Possible answers



might have the following outcome:

1. An incomplete list of properties (degree of ver-
tices, connected graph) indicates a definition for
remediation.

2. An incorrect statement about the existence of an Euler
cycle indicates that more work at the theorem unit
level should be done.

5.1 Types of Experiments

The current system is concerned with several types
of experiments. The first two experiments are based
on abstract presentations and example-based presenta-
tions. The abstract presentation provides more compressed
information than the example-based.

The goal of these experiments is to collect sequences of
the numbers of cycles, which are then clustered into several
typical sequences. These typical sequences will become
prototype paths, and new users will be classified according
to these sequences. The third type of experiment deals with
dependencies of units, and the goal is to collect the number
of cycles under the assumption that some units may have
one or more prerequisite units.

5.2 Numerical Experiments

We have performed classroom experiments and also simu-
lated users mathematically [7]. The number of users was
chosen to be approximately the same for each cluster. Data
simulation was provided by random variables based on
a heuristic from teaching classes, and experiments with
systems that collected data (PHP system) or with stateless
systems (no memory, JavaScript, and HTML systems).

The GJ experiment (Fig. 2) shows the variation in
the number of cycles for groups of users. More details
of this problem can be found in [6] The significance of
these experiments is that they demonstrate that a user can
require dramatically more prerequisite information than
the average user. In this experiment, the learning goal is
to be able to apply the GJ method for solving a system
of linear algebraic equations. The prerequisite for learning
the GJ method is that the user is trained to do only one
elimination step at a time. In the numerical experiments
of the user we generated cycle paths. In the simplest
scenario (no remediation using previous units) the penalty
for incorrectly identified numbers ¢; is:

op X (¢; —¢) (1)
when the correct number of cycles ¢ is smaller than ¢;, and:
px(c—ci) (2)
for ¢ greater than ¢;. The term op stands for the number of

operations for one unit, and p is the penalty for additional
unit exit tests.
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Figure 2. Numbers of cycles required by users in GJ
experiment.

6. Identification of User Types,
Simulation Results

In the numerical simulations of the users, we defined a
sequence of units and generated a number of cycle paths
with different probability distributions for passing each
unit. For each user, these probabilities were mutually
dependent and slightly increasing after each additional
information (cycle) provided to the user. This process cre-
ated cycle paths that were clustered. Clustering algorithm
used a variant of the standard K-means procedure, where
the distance was defined as a weighted Euclidean distance
in the space of paths. The optimal number of clusters was
selected to minimize the sum of all distances of paths from
corresponding means. In order to reduce the final number
of clusters, the criterion was penalized with the Schwarz’s
BIC penalty term. Fig. 3 shows the result of one of the
simulation experiments, which selected five clusters of cycle
paths. The left part of the figure shows the distribution
of the total number of path cycles and their classification.
The box plots of Fig. 4 compare, for all five clusters, the
distribution of numbers of cycles used for one of the units.
The number of users in individual clusters is not realistic
and is due to assumptions in our numerical simulation. The
distributions of paths, through all units, actually split the
set of paths into five subsets of cycle path. Each new user,
after passing several units, can be classified on the basis
of the distance to different clusters. In subsequent units,
the user is provided with the information (the number of
cycles) optimal for his or her class. The optimal number
of cycles can be set, for instance, as 75% quantile of the
corresponding distribution. In the box plot, this number
corresponds to the upper bound of the box. An incorrect
classification of a user can increase either the time (num-
ber of cycles) spent at the unit when the unit has already
been mastered, or it can increase the number of attempts
needed to pass the final unit test while the knowledge of
the user is not yet sufficient. In the simplest scenario (no
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Figure 4. Example of distribution of cycles per one unit
for different clusters of users.

remediation), the overall penalty for incorrectly identified
user is the sum of penalties for all units. Thus, as the
model is described with the aid of probability distributions
(and identified by methods of mathematical statistics), we
cannot avoid an error of the first kind, that is, even if a user
is classified properly, he or she will need more operations
than is recommended for that user’s type (actually, in the
example described the probability of such an error is 25%).

Nevertheless, the mean cost of such a mistake is by
definition statistically smaller than the cost of incorrect
classification. Moreover, the classification is a dynamical
process, and the user can be reclassified while still operating
within the system. As mentioned above, there are two
types of penalties:

P=PE+ PR (3)

that are assessed for suboptimal behaviour of the system.
The PE term represents the penalty for a unit exit test

due to a return to the unit. The return to a unit follows
a failed test in a child unit. The PR term represents the
penalty for finding out the correct remediation unit.

7. Implementation on the WWW

One of the requirements we set for the system implementa-
tion is that the system not requires proprietary components
and be able to run on the web under the TCP/IP proto-
col. The current implementations are relatively simple and
are based on static HTML, HTML/PHP documents. The
documents are retrieved either by a PHP control module
or using a PHP control module.

For the simplest experiments, where there is no per-
manent record of the user activities, we developed and
used a system written in JavaScript and HTML. A sim-
ple system that writes user information on a server was
written in PHP. We experimented with such a simple
system that can be modified without intensive software
skills. Consequently, the developer can experiment with a
variety of user-scoring and information-sequencing proce-
dures. All components (servers with PHP modules) were
available free of charge on both platforms (Win, Linux).
In our experiments, we used a simple graphical user inter-
face design at this stage of the system development, as
our primary goal is to collect data. The user data anal-
ysis will be utilized as a tool for additional refinement
of the model for in-classroom use. The user interface or,
more accurately, the information the user can access is
clearly important and deserves additional attention. The
future WWW will work with XML data structures (see,
e.g., [8]). We set as one of our future goals the develop-
ment of a protocol where different servers with archives
of XML domain data communicate automatically among
themselves and complement their information. For exam-
ple, one server can specialize in tutorials such as normal
equations and some other server can offer the Konigsberg
theorem domain. This approach will establish a network
of developers for authoring and revising tutorial domains.
The following is an example of a unit when the information
is marked up using XML. The information is coded using
trees. One tree captures the dependency structure of units
or subunits. The other trees capture definitions, questions,
and answers. The XML information can be parsed and can
then be searched for required content, and presentation
pages can be created and passed to the control module.

<?xml version="1.0"7>

<unit_structure id="unique unit structure
identification, e.g. 1s Normal Equations">

<children>

unit id’s that are children of this unit,
e.g. 2 Over-determined equations;
3 Matrix Multiplication

</children>

<parents>

unit id’s that are parents of this unit,
e.g. 0. Least-squares fitting problem

</parents>



<friends>

unit id’s that are related but neither
children or parents, e.g. 4 matrix
decomposition

</friends>

</unit>

The following shows a fragment of unit 2 from the above
tree structure:

<?xml version="1.0"7>

<UNIT id="2 Over-determined equations">

<statement number="1">

Let A be an m*n matrix. For the case m>n
a system Az=b of Ilinear equations 1is
called over-determined because there are more
equations than unknowns. Such a systemusually
does not have an exact solution.

</statement>

<test number="1">

<question>

An over-determined system of equations usually
_______ solution. (1) does not have (2) has
more than one solution (3) has exactly one

</question>

<answer>

1

</answer>

</test>

<statement number="2">

Over-determined system Az=b is such that the
matrix Ausually does not reproduce right-hand
side b for any vector . This means that Az=b
is not exactly true for any choice of vector x.

</statement>

<test number="2">

<question>

The over-determined system Az=b is such that the
matrix Ausuallydoesnot _________ right-hand
side b for any vector x. This means that Az=1b
is not true for any choice of vector .

</question>

<answer>

reproduce

</answer>

</test>

<statement number="3">

A typical linear least-square fitting problem
can be written in the matrix for m as an
over-determined system Ax=b, the matrix is
m*n, m>n. This rectangular system can be
transformed into the mn*n system of normal
equations A’Az=A’b, the A’ is the transpose
of A.

</statement>

<test number="3">

<question>

A rectangular system Az=b can be transformed
into the n*n system of normal equations

=A'b, the A’ is the transpose of A.

</question>

<answer>
A'Ax
</answer>
</test>
</UNIT>

This XML unit is parsed and a set of HTML/PHP
pages is generated. This set is then presented by a control
module. One of the appealing features of the XML data
structures is that they become a standard for the new
WWW | and that gives reasonable hope for the wide spread
of XML-coded tutorials and other items suitable for public
exchange over the Internet.

8. Conclusion

We have considered a class of flexible information-cycling
systems and associated user-adaptive systems. In the lat-
ter class, the cost of the user path is lowered because of
the user orientation and adaptation of the system. The
optimization is achieved with the help of probabilistic
modelling of the user chance (and its evolution) to master
the units, and the statistical evaluation of user data. The
optimization is important for classroom applications where
the time the user must spend practising is minimized. We
are currently in the process of establishing a procedure for
extensive user data collection along with both online and
offline data processing. In the future, on-demand informa-
tion systems will have evolving natural language interface
and applications will run within the semantic framework
[9, 10]. The more pressing issue is how to author units
and domains, as this is a very time-consuming process. We
envision that in the near future servers will provide archives
of tutorial material coded in XML and agents maintaining
these servers will provide updates of units available on
other friendly servers.
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