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Abstract. In this paper we introduce WHAT, an intelligent tutor for
learning the functional programming language Haskell. WHAT adapts its
behavior not only individually for each student but also by considering
the performance of similar students. The core of its adaptive part is
based on the classification of students into classes (groups of students
sharing some attributes). By doing that, the behavior of past students
of the same class determines how WHAT interacts, in the future, with
students of that class. That is, WHAT learns how to deal with each type
of student. Besides, the general model of each class is instantiated for
each student in order to better fit the particular learning needs.
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1 Introduction

During the last years, and due to the wide implantation of the WWW, there has
been a proliferation of web-based courses. The first systems were quite rudimen-
tary and rather rigid. By rigidity we mean that they were mainly based on a fix
set of questions; usually, multiple-choice questions. In particular, it was rather
difficult to evaluate the profit gained by the users of the course. The situation
changed in the moment that artificial intelligence techniques appeared in the
development of this kind of systems. Good examples of these new generation
tutoring systems are [3,1, 12, 6] among many others. Besides, by using adaptive
hypermedia techniques (see, for example, [2,5,13]) when developing intelligent
tutors, we get a system that is automatically adapted according to the responses
of students (e.g. [11]).

In this paper we present WHAT:Web-based Haskell Adaptive Tutor. In short,
WHAT represents a system which can be used by students as a complement
to the classroom learning of the functional programming language Haskell [9].
During the last years, in order to introduce programming to first-year students
of Mathematics, different languages (actually, Pascal, Haskell, and Java) have
been used in our department. Unfortunately, no common agreement has been
reached and the question of which language is more suitable for Mathemat-
ics students is still open. The main reason for developing a Haskell tutor, and
not a Java or a Pascal one, is that the existing environments for Haskell are
not friendly. Most Haskell compilers/interpreters only allow the user to inter-
act with a text-based interface and only a programming environment (winhugs



at http://www.haskell.org/hugs) provides a simple graphical interface. Thus,
one of the main disadvantages of using Haskell to teach first-year students is that
they do not feel comfortable with the environment: Even though the language
could be a good choice, the environments are certainly not. Therefore, in order
to fairly compare the difficulties the students have to deal with each language,
a better interface is needed for Haskell.

Next we briefly sketch the main characteristics of WHAT. First, WHAT
combines individual profiles for each student with general profiles for each class
of students (the class mechanism is explained in Section 3). By doing so, WHAT
is able to adapt its behavior with respect to a student not only individually, on
the basis of her! previous fails and successes, but also by taking into account the
performance of the rest of students (current as well as former students). That
is, the system learns how to interact with a student by adapting the general
profile of her class(es) to her necessities. However, the progress of the users while
experimenting with the system is individually controlled. WHAT keeps profiles
for each student where all the relevant information (from her previous sessions) is
recorded. In particular, the system points to the next topic that the user should
explore once she has reached a certain command in the current topic. Another
important feature of WHAT is given by its skill to (automatically) generate new
problems. Exercises are randomly created according to the knowledge that the
student has obtained so far.

We think that WHAT may increase the success rate of students in two ways.
On the one hand, students can regularly check their progress by self-evaluation.
On the other hand, teachers can find out which parts of the course are more
difficult for the students (WHAT provides the teacher with a private interface
that allows her to access to information about students performance). In the
presentation of WHAT we have tried to avoid Haskell details, so that the main
ideas (how WHAT has been developed) can be followed even if the reader is
not an expert in functional programming. The rest of the paper is organized as
follows. In Section 2 we describe the behavior of WHAT from a user point of
view. In Section 3 we explain the adaptive behavior of our tutor. We concentrate
on the class mechanism underlying WHAT. In Section 4 we present some im-
plementation details. Finally, in Section 5 we present our conclusions and some
lines for future work.

2 An Overview of WHAT

In this section we explain the main functionalities of our adaptive tutor. Techni-
calities about the implementation are presented in following sections. The main
aim of our web-based system is to provide students with an easy-to-use tool
where they can practice the knowledge previously gained in the classroom. So,
students will be able to check whether they have fully assimilated the concepts
they were supposed to. Even though we have designed our system to help stu-
dents having another (main) source of learning (i.e. a teacher) the current system

! During the rest of the paper we suppose a generic female student.
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Fig. 1. Help page in WHAT.

could be used as a completely independent tutor. Actually, all the concepts cov-
ered by the course are already documented by means of a friendly navigation
interface (see Figure 1). Topics can be accessed in three different ways: By using
an index of topics (left frame), by incremental searches (center frame), or by an
alphabetic list of keywords (right frame).

In order to ensure a personalize treatment, students access the system through
a login page. This allows the system to recover the data from previous sessions.
At the beginning of the course, students are provided with a password. They
log in by giving their ID-numbersand the password. This mechanism tries to
avoid attacks to previous sessions of students. For example, an attacker could
ask the system for previous exercises and provide wrong answers. Then, when
the real student logs in, she will find out that the system thinks that she did not
understand the concepts covered in previous sessions.

Once a student has been recognized by the system, a new session starts. The
initial page allows the student to choose among three different types of problems:

— Evaluation of expressions.
— Typing functions.
— Solving programming assignments.

Let us remark that these three parts are not taught sequentially, but in parallel.
For example, students will be able to define a function adding or multiplying
two numbers before they are able to type/evaluate an expression as

foldr (&&) True (zipWith (==) "hello" [’h’,’e’,’17,°17,%0°])
As it is widely recognized, any intelligent tutoring system should have a good

underlying curriculum model (see for example [7]). In order to avoid incoher-
ences, the curriculum model should be carefully organized according to some



rules (see [4]). We have designed our system taking into account the following
considerations. At each moment, the student will be able to choose which cat-
egory of exercises she would like to practice. After reaching a certain level in a
type of problems, WHAT suggests the student to solve exercises from a different
type. However, the student may continue practicing exercises from the same cat-
egory. In this case, the curricular dependencies restrict the level she can reach in
this category. Even though the student can choose freely the type of exercises,
the difficulty of them will be constrained by two main factors:

— It will increase according to the level that the student has reached in previous
sessions.

— A student will not be allowed to practice topics which have not been covered
yet in the classroom, even if she has correctly learnt all of the previous topics.

These two restrictions are strongly related to the curriculum theory underlying
our system. Let us remark that even though the first restriction is applied, the
system will sometimes ask for exercises which the student is supposed to know
already (according to her previous sessions). We pretend to control that students
do not forget topics that were covered at the beginning of the course. By using
the second restriction we try to avoid that students simply guess the answers
to questions that have not been already taught. There is an exception to this
constraint. If a student took the course in previous years but she did not pass
it, then she will have access to any topic. Let us remark that, even in this case,
the first limitation will be applied. Nevertheless, this second restriction could
be easily removed in order to allow good students (that is, the ones having an
acceptable rate of right answers) to speed up their learning. In this case, the
help system (that covers all the course) can (somehow) substitute the teacher.

Finally, WHAT includes an extra option: Review. The students will be able to
use this possibility to review the lessons learnt so far. So, they will be confronted
with assignments similar to those that have been already covered by them in
previous sessions. This option can be very interesting (from a student point of
view) when the exam is approaching.

Now we will briefly sketch what the student will find in each part of the
course. Firstly, in order to gently introduce the language, the capabilities of the
programming language will be restricted to the power of a complex calculator.
Thus, the first exercises will be only devoted to handle simple numerical op-
erations. So, students will get familiar with the syntax of the language. The
difficulty will start increasing, taking into account the precedence of operators,
asking for the answer to questions like

4-5+7%3-2

Both integer and real numbers will be used, but considering the type of opera-
tions that can be used with each of them. After dealing with numerical values,
other simple types like characters and booleans will be used. Then tuples will
be introduced. At this point, the student is able to start working on lists. First,
strings of characters will be considered, as they are more intuitive. Then, they
will be generalized to deal with lists of any type.



Regarding the definition of functions, at the beginning only very easy op-
erations will be considered (e.g. adding two numbers). By doing so, we expect
the students to avoid the usual mistakes of a beginner when declaring functions.
Then, the system will concentrate on recursive programming. A next step is given
by introducing simple higher order functions like map, filter, and zipWith. Fi-
nally, the student will be able to define her own higher order functions.

2.1 Wrong Answers and Hints

A very important part of any tutoring system is the feedback that the user
receives. While designing our system, we have been specially careful at this
point. Let us consider what our system returns after a question is answered. If
the student provides the right answer then the system returns a congratulations
message. The difficulties start when managing wrong answers. The easy solution
consists in notifying that the answer was wrong and provide the right answer. We
consider that this is not a good practice. In the best scenario, the student will try
to understand what she was doing wrong by pattern matching. We have preferred
to return a suggestion about what the student should do (indicating what the
error was) instead of giving the right answer. We have also paid special attention
to avoid cheating. As it is pointed out for example in [10], some students tend
to learn how to cheat the system instead of learning the current contents. We do
not claim that our system is totally fool-proof (actually, we do not think so!) but
we have tried to detect some funny answers. For instance, if we ask for the value
of 3+4 a student may answer 5+2 (non so trivial examples include the application
of higher order functions in an unexpected way). Actually, this is a right answer,
but it is not what it is expected. If WHAT detects such a right answer, it will
indicate that it is correct but it will ask for the most correct answer. Finally, even
though the management of answers has been a specially hard part to develop,
we think that the effort has been worth. Firstly, students will see their mistakes
and try to correct them. Secondly, they will be soon convinced (we hope) that
it is senseless to spend time trying to fool the system.

Students will be also allowed to ask for hints. The type of hints, that the
system provides, depends on the number of hints the student has already asked
for in the current exercise. For instance, if the student has provided a wrong
answer, a first hint will only provide a message saying which type of error it
was, that is, whether it was a syntactic error, a type error, or a semantic error.
Afterwards, in case the student needs more hints, the error will be explained
more precisely. Finally, if a student is not able to provide the right answer, she
can press the give up button and the answer will be presented. In Figure 2(left)
we present an example of a question in our system. The student may ask for a
hint, give a wrong answer, fail again, etcetera.

3 Adaptive Behavior of the System

The main advantage of using an intelligent tutor with adaptive capabilities is
that it can be automatically adapted to the students. WHAT can adapt its



behavior not only on the basis of the fails and successes of the current student,
but also on the experiences of the rest of students. Thus, there will be a module
of the implementation dealing with the class adaptive part, while a different
module will be responsible of the user adaptive part.

The Class Adaptive Module (CAM) gathers statistics about the interaction
of the users with WHAT. The ID number of users will not be relevant, but only
the class(es) of the student. This module manages a fix set of classes, that is,
it does not generate new classes. For example, CAM will distinguish between
students who were taking the course in previous years and fresh students. By
doing so, the system will learn how to interact with the typical student of each
class, creating different models for different classes. For instance, students with
previous knowledge of an imperative language will not need many questions
about evaluating simple numerical expressions, while the rest of students will
need to work harder on this issue.

It is important to note that a student may be located in more than a single
class. For example, a student can take the course for the second year and, in
addition, she can also know an imperative programming language. In such cases,
it seems that the fails and successes of the student should be taken into account
in both of her classes. However, this would be an erroneous solution, as this
student is not a good representative of any of them. The correct solution is to
use a new class for the intersection of both classes. Note that there is no risk of
class explosion, as the set of primitive classes is quite small.

The previous classes are static, that is, a student is located in a class(es) at
the beginning of the course and these attributes do not change during the aca-
demic year. In addition to static classes, WHAT also handles dynamic classes of
students. Currently, WHAT considers two dynamic classes. The first one classi-
fies the students according to their learning speed, while the second one does it
on the basis of their memory.

It is well known that not all students need the same effort to learn a new
topic. Some people need to practice many times the same type of problems before
mastering it, while others only need to work on it during a small amount of time.
Fast learning students use to get bored after solving several similar problems.
Thus, by repeating them, their motivation is dramatically reduced. So, they do
not achieve the goals they should. On the other hand, slow learning students get
depressed if they continuously fail the questions. Thus, WHAT will interleave
easier questions while asking them new problems. By doing so, the motivation
of the students will not be lost and the overall results will be improved.

It is also a fact that not everybody has the same memory. Some students
easily forget concepts learnt in previous lessons, while others obtain more solid
backgrounds. Students with weaker memories will be asked questions about old
lessons more frequently than those with better memories.

Once we have explained the class mechanism, we briefly sketch how CAM
adapts itself. The statistics recorded for each class of student and each type of
assignments are used by CAM to modify the original information. This is done
in two ways. First, for each class of students, CAM keeps values (one for each



topic of the course) about the number of exercises that students are supposed
to solve before they know the topic. These values will be readapted according
to the performance of students. The second task of CAM consists in classify-
ing the difficulty of programming assignments. Each programming assignment
has associated with it a value indicating its difficulty. A difficult programming
assignment will not be asked until enough easier exercises are correctly solved.
As in the previous case, CAM uses its statistics to modify the difficulty of as-
signments. The new values are computed by taking into account the response
of all the students (regardless of their attributes). However, difficulty is a rela-
tive concept. For example, a difficulty value v will not have the same meaning
for fresh students that it has for second year students knowing Java. So, the
corresponding values v’s are normalized for each class of students.

The User Adaptive Module (UAM) deals with concrete information about
each individual student. As the static attributes of each student will be recorded
at the beginning of the academic year, the main tasks of UAM are:

— To compute the dynamic classes in which the student is included at each
moment.

— To adapt the models created by CAM to better fit the characteristics of the
individual student.

Let us remark that while CAM creates models for each class (both static and
dynamic), UAM classifies students inside a class. This is so because only UAM
has the appropriate information about individual students. Regarding dynamic
classes, WHAT is able to classify students according to both the speed and the
memory of every student. Initially, all the students are located in the same
classes. Afterwards, the speed of each student is obtained by computing the
number of questions that were necessary before she started to answer correctly all
the questions on the same topic. Let us remark that we do not take into account
the time of response because this would lead to some erroneous results (for
example, a bad Internet connection could indicate that the student is very slow).
The memory factor is computed on the basis of the questions about previously
learnt lessons. Besides, some students learn slower at the beginning and faster
afterwards, while other students have the opposite behavior. If WHAT detects
these situations, it will be the task of UAM to modify the dynamic attributes of
the student. Let us note that the modification of dynamic attributes should be
done very carefully. For example, a student should not be considered memory-
weak just because of a simple mistake, that is, the system is noise tolerant.
The second task of UAM consists in adapting the models obtained by CAM.
If a student s belongs to a class ¢, UAM will adapt the general model for ¢ so that
it will better fit to the peculiarities of s. For instance, UAM will record errors
that the student has performed in the past. When the student has an error and
ask for help, the system will be able to relate the current error with previous
ones. Then, the student will remember the reason of the past error, and she
will better understand the reason of the current one. Finally, let us remark that
UAM does not create a complete individual model for s: it only adapts the model
corresponding to the class ¢ (designed by CAM). By doing so, we increase the
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Fig. 2. Exercises page of WHAT (left) and the WHAT system architecture (right).

efficiency of the system and we also provide a hierarchical organization. Thus, it
will be easier for the teacher to understand the evolution of the students.

3.1 Non-Adaptive Behavior of WHAT

As we have already explained, WHAT can automatically adapt itself to improve
its ability to help students to learn. But the capabilities of an intelligent tutor
cannot be compared to those of an expert human teacher. Thus, even though
WHAT is a powerful tool to help teaching, we think that the overall control of
the course should be taken by the human professor.

From the teacher point of view, WHAT provides information about the skills
the students are getting, but also about how they are obtaining the skills: Their
main difficulties with each type of problems. Thus, the teacher can adapt the
classroom lessons to explain with more detail the parts of the course that seemed
to be harder for previous students. So, by using WHAT, the teacher learns from
the students how to improve the lessons.

Not only the classroom lessons can be modified depending on the results
provided by WHAT, but also WHAT itself can be modified by the teacher. In
fact, WHAT contains an additional module: Teacher Adaptive Module (TAM).
This module allows the teacher to change the teaching strategies of the system.
For instance, it allows to add/modify/remove programming problems from a
given lesson. More importantly, it allows to modify by hand both the design of
the curriculum and the basic models for each class of students.

4 Implementation

In this section we sketch some implementation details. In particular, we will
concentrate on how assignments are generated. First, we present the architecture



of WHAT (see Figure 2, right). From the teacher point of view, she accesses the
TAM through the web server. From the TAM the teacher is allowed to modify
the curriculum model. Besides, she can also consult CAM to check the current
models for the corresponding classes. The web server generates new queries by
taking into account both the curriculum model and the models corresponding
to the classes of the current student.

The generation of new exercises is automatically done for the first two classes
of problems (evaluation and typing of expressions). There is a set of predefined
functions, and they are combined randomly, by taking into account that the cor-
responding types fit. The complexity of the expressions will depend on several
factors: the set of types that can be used, the functions that have been taught
so far, the number of functions that can be combined in each expression, and
also the number of levels of higher-order that can be used, that is, the num-
ber of nested higher-order functions that can be used in a single function. The
implementation of this generator of problems has been done in Haskell because
this language is very suitable for this kind of programs. Let us remark that
this choice is not related to the fact that WHAT teaches Haskell. Actually, any
programming language could be used to write this part of the system.

Unfortunately, it is not possible to automatically generate programming as-
signments. So, they are randomly selected from a wide set of predefined problems.
The problems are classified according to their characteristics, so that they are
only proposed to the student when they have reached the appropriate level. Even
though it is not possible to automatically generate new problems, it is possible
to automatically generate variations of the predefined problems, modifying the
parameters of the problems. Functional languages are very adequate for that
because programs can be written by combining higher order functions.

In order to check the programs that students have developed, we provide an
automatic connection to a Haskell environment where the program is tested over
a set of input data. These data will represent the most relevant cases of the (class
of) function, that is, the values that are more difficult to deal with. In addition
to the most relevant cases, there will be some randomly selected cases, just to
increase the set of tests. By doing so, we will be able to detect most of the errors
introduced by the student. Moreover, in the case of a wrong answer, a good hint
about the source of error can be given because WHAT will know the cases that
are not correctly covered. Let us remind that it is not possible to automatically
verify that any given program is correct, as it is well known that such a task is
undecidable. So, the best that we can do is just to test the programs.?

Regarding the web interface, the implementation uses both CGIs and
JavaScript. The server side of the system is implemented using CGIs. The CGIs
(written in C) control the interaction of the user with the system, generating
appropriate web pages. These pages include JavaScript code, so that the user
may perform most of the operations without actually connecting to the server.

2 This is an easy way of cheating WHAT. However, we think that the probability of
such an error is rather low because of the careful selection of the test cases.



5 Conclusions and Future Work

In this paper we have presented WHAT. We have described its features and
we have given some implementation details. In particular, we have explained
the class mechanism underlying WHAT. This classification of students allows
WHAT to adapt itself to the necessities of each particular type of student.

As future work, we plan to provide similar systems for Pascal and Java. This
will allow us to study their learning curves by using comparable tools. Finally,
we would also like to apply the experience gained after constructing WHAT
to a different field of expertise. Actually, we are already developing a tutor to
teach process algebras. In this case, we will consider PAMR [8] because it allows
to abstract some of the usual difficulties when specifying real systems.
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