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One of the most imponant issues in Adaptive and [otelligent Educational Systems (AIES) is to define effective pedagogical
strategies for wionng students according to their needs. In previous papers we have proposed te use a pedagogical knowledge
representation based on a Reinforcement Leaming (RL) modei. Using the reinforcement leacning model, the system is able to
automatically ieamn which is the best pedagogical way to tezch each stydent individually based only on acquired experience with
other studenrts with similar leamning characreristics, like & human witor does. In this paper we study the viability of the application
of the RL mode! in a DataBase Design (DBD) AIES using in this study simulated students. The viability is measured on three
irparnant issues. First, we are going to check that the system converges 1o a pedagogical policy when it interacts with sunulated
students with differemt learning characteristics. Second, we are going to prove (hat the system learns an optimal pedagogical
sirategy, measured in number of actions that Lhe systemn must execute to teach all the contents to the studenl. And third, we are
going to prove that the system does nof need many students to leam to teach eptimmlly. Choosing a good exploration and
exploilation strategy is determinant for the three ¢lements defined above, so two typical exploration/exploitation pelicies in RL
prohlems have been used for the experiments m order to analyze the diffesences between them when the svstem teaches simulated
students: the e-greedy and the Boltzmann exploration strategies.

1 Iatroduction

Web-based Adaptive and Intelligent Educational Systems {Web-based AIES) are distance educational systems
based on Internet that have three useful benefits: classroom independence, platform indeperdence and
adaptability to the learners according to their needs behaving in an intelligent way. The Web-based AIES
systems are not totally a new type of systems, but they stem from /ntelligent Tutoring Systems (ITS){7] and
Adaptive Hypermedia Systems (AHS) [1).

In a previous paper [2], we have proposed to use a pedagogical knowledge representation based on a
Rernforcement Learning (RL) model [4] that allows AIESs to adapt tutoring to student's needs, sequencing the
content in an optimal way based on the student's performance, lesson objectives and the relationships between
course modules, avoiding to define all static and predefined pedagogical poticies for each student.

In this paper we study the viability of the application of the RL model in a DataBase Design (DBD} AIES
by the demonstration of three important issues. First, we will show that the system converges to a pedagogical
policy when it interacts with simulated students with several learning characteristics. Second, that Lhe policy
achieved is optimal, where the concept of optimality is measured in terms of number of actions that the system
must execute to teach all the contents to the student. And third, we will show that the system does not need
many students to learn to teach optimally, so with a reduced nurnber of interactions with initial students, the
optimal policy is achieved.

But in this paper we also study how the choice of a good exploration and exploitation strategy is
determinant for the convergence of the system. Two typical exploratior/exploitation policies in RL problems
have been studied, the e-greedy and the Bolizmann exploration policies [4], in order to apalyze the differences
between them when the system teaches simulated students, concluding the advantages that the Boltzmann
strategy will introduce in the AIES executions with real students.

The paper is organized as follow: first, the architecture of the DBD AIES used in this work will be
described in Section 2, as well as the definition of the DBD AIES system as a RL problem. Then, different
expenments comparing the e-greedy exploration policy and the Boltzmann exploration policy in our system are
presented in Section 3. Finally, the main conclusions and further research of this work are given.

2 Adaptive and Intelligent Education System as a Reinforcement Learning problem
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The definition of the AIES pedagogical module as a RL problem is described in a previous paper {2), The
paper describes the system architecture composed of four modules. For the domain module we have proposed o
structure the knowledge hierarchically (a knowledge tree), where each topic has been divided into sub-topics
and these in other sub-topics, and so on. At the same time, each node of the ree contains sets of tag
{definitions, examples, problems, exercises, etc.) in several formats (image, text, video, etc.). Figure 1.A shows
the domain used for the experiments. For the sfwdent module, a classification of the students has been doge
based on their learning characteristics. For the inferface module, we try to adapt the contents to each student
showing them in different formats. And, finally, in the pedagogical module we define the AIES as a R
problem. In figure 1.B we can see the Q-leamning algorithm 6] used in RL problems adapted to our syster
This algorithm uses the action-value function (5.q), that estimates the usefulness of executing one action, 4
(showing leaves of the knowledge tree (tasks) to a student) when the system is in certain knowledge state s (the
knowledge acquired by the student so far). The Ofs,q) function at the figure 1.B uses the parameter v that
controls the relative importance of future action rewards with respect to new ones, and the a parameter (the
learning rate), that indicates how quickly the system leams. In {2) how the Q-learning algorithm is adapted tp
the Adaptive and Intelligent Educational System domain is explained.

B Q-learning adapted to AIES domain

For each pair (se 8, aeA}, initialise the table entry

Q(s.ah
#  Test the current student knowledge, cbmining s

Do forever

A

l. Select a knowledge mee leave following an
eXxpioration sirategy, 4, to show ko Lhe smdent.

2.  Receive the immediate reward, r. A positive rewerd
i5 teceived when the AIES goal is achieved (the
student learns all Lhe topics). A mull reward is
eblaned m any other case.

. Test the currem student kmowledge, 57

4. Update the table eniry for (s a), that eslimates the
usefulness of executing lhe ¢ action when Lhe
student is in a pariicular knowledge smte, 5

Ofz,ai=(1-a) fs.q}+ ofr+y mar, (X&'}

3. Let s the cumment student knowledpe state, 5.

Figure I. The figure 4 shows the knowledge tre¢ used for the experiments. The figure B shows the Q-leaming algorithin adapted to ATES
domain.

In the step | of figure 1.B the system selects a knowledge iree leave (an action), &, to be displayed to the
student. Choosing the next action to execute is very important for the convergence of the Q-learning algorithm,
where the quality of the selected exploration/exploitation strategy is determinant in the efficiency and efficacy
for the attainment of the objectives marked. The exploitation sfraiegy tries to use knowledge acquired
previously, and the exploration strategy tries to find new altermatives in order fo obtain the objectives
efficiently. A great vanety of exploitation strategies could be used in reinforcement Jearning probiems [5]. Two
typical exploration/exploitation strategies have been used in these experiments: the e-greedy and the Boltzmann
strategies [4].

The e-greedy strategy mes to select the action with greater value of the Q function when the system is at
the s state (Q(s,a)) with a probability of (1-¢). That is to say, when e=], the system selects the next action to
execute randomly. We are going to vary the e parameter from the value I (when the system chooses the next
action to execute randomly) to the value 0.1 (when the system usually chooses the next action trusting in the Q
values obtained by the previous expenence).

On the other hand, the Boltzmann exploration policy estimates de probability of choosing the action a
according to the function defined in equation {1), where Tis a positive parameter called the temperature. If the
temperature is high, all the probabilities of the actions have similar vajues and if the temperature is low, it

causes 2 great difference in the probability of selecting each action.
g,i)

g
1
Pla)= TQ,(!’J M
o e _
.

f=]
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3 Experimental results comparing e-greedy and Bolztmann exploration/exploitation strategies

In this Section, we present some experiments showing the differences among the e-greedy and Boltzmann
exploration/exploitation strategies. As the domain is stochastic, the same expenment has been carried out 100
times, and the average and the standard deviation produced when the system leamns to teach in 100 times have
peen shown. The purpose of these experiments is to show how the exploration strategies affect the convergence
of the AIES leamning, analyzing the number of students needed to use the system untii the AIES learus to teach
optimally.

In the experiments, we have varied two learning parameters. 7he learning rate (o}, that we vary from 0.9
(when the system quickly learns) to 0.1 (when the system slowly leams to teach). And the exploration versus
exploitation strategies, explamed in the previous section.

Some parameters have been fixed for these expeniments, The domain size has been fixed, working with the
domain shown in figure 1.A, which has eleven topics and rwenty-two tasks (two actions for every topic). The
student learning capability determinism has been fixed too. Our assumption 1s that a good studerst model has
been constructed and that students have been classified according to their critical characteristics in leaming. In
this work, in order to simplify the expenments, we only consider one class of students, depending just on two
leamning charactenstics: from what kind of tasks the student can learn (definition, introduction and problem),
and what format the material must be shown so that the student learns (video, text, etc.). Specifically, the
student model we have built requires that students can learn froin definition tasks only (but not from other tasks,
like problems). Furthermore, according to the model, 95% of them leamn using only the video format and the
other 5% Ieam only with rexr format. It is important to remark that these aspects are part of the student model,
but the learning system does not know them. Actiaily, the learning system will learn the student model in the Q
function. In a real-world situation, the students generated and simulated according to the student model would
be substituted by actual students. Also, the actions must be learned in a predefined and unknown order, that
must be learned too.

3.l Experiments

In this section, we present the experiments camried out with the algorithm (O-fearning and the e-greedy

exploration policy and the Boltzmann exploration policy, in order to compare the differences among them. In

this experiments we have been interacting with soine leamers belonging to the same class of student and noting
after the simulation for each student how many actions have been executed in order to learn all the domain
knowledge.

The importance of choosing a good value for the € parameter of the e-greedy exploration policy is observed
in the first experiment.

s In Figure 2.A we can see how the system converges when the learning rate {a) 1s fixed to 0.1 {in [2] this
value was shown to be very successful). The figure shows that when &=0.1, the average leaming curve
reaches values of 13,36 actions so that the systern teaches all the knowledge of the domain composed of 1]
iterns when 50 students have interacted with the systemn. When e=0.5, the system needs 22,76 actions for
the teaching after 50 students. And when e=0.9, the system behaves almost randomly, needing around 100
actions when 50 students have interacted with the AIES, Other values of the leamning rate parameter (o)
have been analyzed, but with the value of 0.1, the best results are obtained.

s  On the other band, Figure 2.B shows the convergence of the standard deviation curve when a=0.1. We can
see that when e=0./ the value of the standard deviation is almost 0, when e=0_5 the value is around 20, and
when e=0.9, the standard deviation reaches values between 55 and 160 actions.

At the next expenment, the Bolfzmann exploration policy has been used in order to choose the next action
to execute. Although e-greedy action selection is an effective exploration policy, one drawback i1s that when it
explores, it chooses equally among all actions (choosing some times very bad actions). The Boltzmann
exploration policy estimates de probability of choosing the action a, depending on the temperature parameter (.}
defined in equation (1}. High temperatures cause the actions to be all (nearly) equiprobable and low
temperatures cause a greater difference in selection probability for actions.

s In Figure 3.A, we can see how the system converges when a=0.1, but this time for the Bolizmarnn
exploration policy. In this figure we can observe that when 50 students have interacted with the system, the
AIES needs near 21 actions in order to teach the 1] items of knowledge of the domain whatever the value
of the temperature parameter () is.
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s On the other hand, the system standard deviation learning curve of 100 executions when the learning rate is
fixed to 0.1 is shown in Figure 3.B. In this figure we can observe that mediurn difference exists betweer,
actions whatever the value of the femperature is (between 15 and 25 actions of difference).

numbar of sctions

Figure 2. The figure 4 shows Lthe AIES average learning curve and the fgure & shows the AIES standard deviation lenrning cusve for
(0.1, varying the ¢ paramerer of the e-greedy exploration policy.
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Figure 3. Figure 4 shows the AIES average learning curve and figure A shows the standard deviation | eaming ourve for T=0.1, varying the
remperarure parameter { 1) of the of the Bolrzmann explomtion policy

3.2  Discussion

The experiments carried out in the previous section show that when we use the Bolizmann exploration policy,
the system needs in average more actions than when we use the e-greedy exploration policy in order to
converge to optimal policies. For instance, with the e-greedy exploration policy when 50 students have
interacted with the system, the AIES is able to teach executing only with an average of 13.36 actions when o
=0.] and £=0.1. On the other hand, with the Boltzmann exploration policy and 50 students, the system is able to
teach the materal with an average of 21 actions when a=0.1 and =0.1.

Moreover, we have noticed that the standard deviation values are lower in the e-greedy experiments than in
the Boltzmann experiments, This is why some times at the second experiments the system is able to achieve
vaiues of only 11 actions.

The Boltzmann exploration policy, however, inciudes two advantages when we are interacting with real
students comparing with the e-greedy exploration policy. First, when the e-greedy strategy does not choose the
best action, it chooses randomly among all actions, choosing some times very bad actions. However, the
Boltzmann strategy chooses among the other actions, not completely random, but taking into account their
qualities. [ our system could show this probability to the students {3], they would choose the action to execute
next, giving the student some sense of control on the system (quality is always desired in educational systems in
order to maintain the attentton of the student). Furthermore, if the learner often chooses the action with greater
probability, the system would behave like the 0.9-greedy exploration policy, obtaining convergence capabilities
of the greedy strategy.

4 Conclusions and Further Research

In this paper we analyze some experiments camied out with simulated stedents. These experiments have
demonstraied how the system learns to teach by tral and error at the same time that simulated students [earn the
AIES material, We have shown too that choosing a good exploration and exploitation strategy is determinant
for the efficacy and efficiency at the convergence of the system. Two typical exploration/exploitation strategies
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in RL problems have been used for the experiments in arder to analyze the differences between them: the e-
greedy exploration policy and the Boltzmann exploration sirategy. Afier the collection of the results of these
experiments, we can conclude that the Boltzmann exploration policy introduces advantages in the AIES with
real students, because the system could present the student several options for choosing the next action to
execute {those that have highest execution probabilities) and the student assumes the responsibility and the
control of the teaching interaction. Furthermore, if the students follows the indications of the tutor, it behaves
like the greedy strategy, dmproving its convergence capabilities.

Nevertheless, we have noticed that the 50 students needed in order for the system to converge when the
function has not been initialized, may be a very large cost in many domains given that those students will work
with a tool that has not learned to teach yet. In a real situation we can solve this problem by initializing the
function with information of the domain module and/or initializing it by interacting with simulated students
with similar learning characteristics. Currently, we are studying the differences at the system convergence when
the size of the domain varies and when more than one class of students interact with the system. Moreover, we
are involved in the evaluation of the systemn with real students instead of simulated students,
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