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Abstract. One of the most successful and simplest Internet-based sys-
tems to promote the spread of knowledge are discussion forums. Unfortu-
nately, not much research has been done to improve them by introducing
adaptive capabilities. In this paper we discuss a market-oriented mecha-
nism to promote the knowledge exchange activity in discussion forums.
Our system provides a strategy to dynamically adapt the structure of the
forums by using statistics about users behavior. By doing so, we mini-
mize the response time in which questions are satisfactorily answered. In
addition to that, the effort needed to generate useful information is also
reduced.
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1 Introduction

The field of e-learning is reaching a certain degree of maturity. Different aspects
are the responsible for this improvement in e-learning. On the one hand, the
new technologies and programming tools allow to develop more complex appli-
cations. On the other hand, the wide implantation of the Internet has produced
an increasing demand for this kind of systems. A notable advance in the cre-
ation of intelligent tutoring systems was produced when artificial intelligence
techniques appeared in the development of this kind of systems. Good examples
of these new generation tutoring systems are [16, 7,21, 22,14, 13, 1]. These inter-
active learning environments allow students to change from passive observers to
active constructors of knowledge [2], by favoring active learning [9, 8]. Besides, by
using adaptive hypermedia techniques (e.g. [5,11,23,6,4]) when developing in-
telligent tutors, we have systems that automatically adapt themselves according
to the responses of students (e.g. [21]).
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One of the simplest and most classical, but also extremely successful, elec-
tronic mechanisms used for e-learning are discussion forums and news groups.
By using these applications, the knowledge about a specific topic can be eas-
ily shared. In fact, thanks to the collaborative action of many users, doubts
and questions can be solved by their mates, as the more experienced users help
beginners by transmitting them their knowledge.

Unfortunately, the cooperation mechanisms appearing in classical discussion
forums are still somehow primitive. In fact, they do not usually promote the
efficient generation of information. First, the incentives to share information by
answering questions of other users can be weak. In most cases, the altruism or the
desire of prestige is the main motivation to help beginners. Unfortunately, such
motives could be not shared by many users. Thus, the collaboration degree can
be quite asymmetric. Second, experts can lose their motivation to help others as
they can get saturated by a huge amount of questions. Even though most of the
problems could be solved by not so skilled users, more experienced ones receive
all the questions.

The key to understand the problem underlying discussion forums is to con-
sider the generation of information as a scarce resource. More precisely, if we
consider the cost of the generation of information in terms of the time needed to
create it, then it becomes clear that such activity must be considered a scarce
resource. Obviously, the costs to copy, store or transmit information are negligi-
ble compared to the cost of generating it. So, we will only consider the aspects
related to the generation of information.

Since the efficiency in the generation and use of information in a discussion
forum can be defined in terms of optimizing the access to a scarce resource, there
exists a science that can help us dealing with it. Quoting from [18], “ Economy is
the science that deals with distributions of scarce resources which can be valued by
having different utilities by different users.” In our concrete problem, the effort
for generating information is clearly a scarce resource, and the utility that each
user of the system gives to each piece of information is also clearly different. As
an example, let us consider two different questions performed by two different
users. The first of them is more complex than the second one. In fact, only
experts can answer such a question, while the second one can be answered by
a user with only some command in the topic. In that situation, it is clearly
inefficient to ask an expert to answer the easiest question and to assign the
hardest question to a user with only some command on the corresponding topic.
The most usual method in economic systems to promote the efficient utilization
of resources consists in using prices for them. These prices define the effort level
that an interested agent should apply to obtain a certain resource. If a resource
is scarce (supply lower than demand) then the price raises, so only the most
interested agents can obtain the desired resource. Moreover, a high price in a
resource encourages producers of the resource to increase its production. Thus,
the difference in prices among the different resources represents the real necessity
of each product as well as promotes the production of the items most estimated
by the users.



As it can be expected, the most common unit to measure the effort level to
be paid is money. However, in order to promote an efficient access to resources
it is not necessary to use real money: It can be virtual money provided that its
quantity is scarce. In fact, several market oriented solutions have already been
used to regulate the access to information in databases or the processing time in
distributed systems (see e.g. [20,19, 17,10, 3]). We claim that a market-oriented
approach could also be applied by an intelligent autonomous agent to control the
generation of information in a discussion forum. In this way, each user should
have to somehow pay other users in order to get her doubts solved. However,
a direct application of the market oriented concepts could not be completely
satisfactory, as e-learning environments need to consider additional factors not
appearing in other computational systems. In this paper we continue our pre-
vious work [15] in order to deal with these important differences and propose
a suitable market-oriented methodology to optimize the use of the educational
effort in discussion forums. The system has been implemented and our experi-
ence indicates that discussion forums may benefit from the ideas presented in
this paper.

The structure of the rest of the paper follows. In Section 2 we introduce the
main ideas of our market-oriented methodology. Then, in Section 3 we show
how discussion forums can be dynamically adapted to improve their efficiency.
Afterwards, in Section 4 we present the implementation of the system. Finally,
in Section 5 we present our conclusions.

2 Improving the Basic Structure of Discussion Forums

The current section describes how a market-oriented methodology can be applied
to optimize the performance in a discussion forum. In particular, we present the
main ideas to provide incentives to the users.

2.1 Paying for Good Answers (without Money)

First of all, let us remark again that the utility obtained by receiving the answer
to a question (strongly) varies from user to user. Thus, the number of different
resources may be, eventually, equal to the number of users, so it can be huge.
In this case, the system will not be able to decide, in general, which user is the
best choice to answer a concrete question. To overcome this difficulty, the system
should dynamically classify users based on the quality of their effort generating
answers. By using classes of users at different levels, the system can determine
the suitability of a given user to answer a question of another given user. Let
us remark that the quality of the effort of the generation of information does
not only depend on the knowledge of the users, but also on their willingness to
transmit their knowledge.

It is important to point out that, since we are dealing with knowledge, it is
impossible for a user to know with full certainty whether her question requires
the help of an expert, or only that of a not so skilled user. Thus, not much



improvement of the efficiency could be obtained by allowing the questioner to
choose the type of user that should answer her doubt. On the contrary, the
system must provide a mechanism of distribution of questions to decide which
type of users should answer each type of questions.

Another important point is the fact that the quality of the resources, that
is, the quality of the received answers, is not known a priori. In other words, a
user asking a question does not know how good the answer is until she obtains
it. In fact, she can get disappointed with an incomplete/erroneous/bad answer.
Analogously, a user answering a question cannot know the quality of her answer
until the other user studies it. Thus, it is not possible to set the price of an
enquiry a priori. Actually, the receiver of the resource should be the one who
fixes the price she will pay. Obviously, if money is the scarce resource that enables
access to information then the buyer of the resource will try to pay as few as
possible, arguing that she was not satisfied with the answer. This problem can be
overcome if the paid money does not perceptibly modify the future capacity to
buy new knowledge. In order to do so, the units paid by users will be potentially
inerhaustible, as we will comment below.

The main reason for including prices in our approach is to give incentives
to the providers of knowledge. Thus, when a user gets satisfied with an answer
then the provider of the answer should receive an incentive. As the only resource
available in the system is the educational effort, such incentive should be given
in terms of it. Since the users will not be allowed to choose the type of users to
answer their doubts, the system will have to appropriately award incentives to
users, both by providing and by restricting the access to educational effort. If a
user provides answers that are positively perceived then:

— The system will try to help the user to get her future doubts solved. As
she has proved that she has valuable knowledge, her future questions will be
shown to more expert users. Thus, she will subsequently obtain satisfactory
answers with a higher probability.

— As she has proved that she has valuable knowledge, the system will also try
not to show her easy questions in the future. By doing so, she will be able
to save her effort for those questions that really require her skills.

In order to obtain such behavior, users will be split into classes according to
their education efforts in the past. Each time a user posts a new question, it
will be initially shown only to the users belonging to her own class. If after a
period of time (depending on the class) the question is still unanswered then it
will be forwarded to the next level. If the question is not answered there, it will
be forwarded again and so on until reaching the highest level. So, easy questions
will be usually answered before they reach the expert level. This is so because,
as we remarked before, the user providing an answer to a question may improve
her reputation by getting into a better group.

Note that, by using this mechanism, we encourage that the questions are
answered by those users that are the most appropriate to do it: Users with
medium command answer the questions of beginners while experts answer both
the questions of the medium users and the ones from beginners which could not



be solved by medium users after the corresponding delay. That is, questions are
answered by the less skilled users who can correctly answer them. Therefore, the
scarce resources of the system (that is, the effort to create valuable information)
are exploited in an efficient way, keeping the most valuable resources for the
specific questions that really need them.

Let us remark that the underlying idea of this method consists in restricting
the access to educational effort while not restricting the access to the information
itself. In fact, in our implementation anybody have access to the full repository of
questions and answers (moreover, standard SQL queries are available for search-
ing the appropriate information).

2.2 Structuring Users in Classes

Many discussion forums (e.g. [12]) allow users to be structured in different
classes. However, this distribution usually depends on the interest of the users on
different topics. In our discussion forum, the distribution of users among classes
does not depend on their interest on specific topics, but on their previous effort
generating information for other users. Each group is a set of sorted users (ac-
cording to the amount of gained points). So, the set of guru users is made of
the u; best users of the ranking, the set of expert users is made of the next ug
users, and so on. As it usually happens in knowledge communities, the amounts
of users in each class should follow a pyramidal structure. Thus, the condition
u < ug < ...<u, will be considered.

Let us remark that by structuring classes through the ranking system a user
can, after some time, either improve or fall in the hierarchy. For instance, in the
case that a user reduces her activity, she will be overtaken by other more active
users. Therefore, even if the points each user owns to acknowledge other users are
inexhaustible, these points can actually affect her. Let us remark that, however,
the effect of acknowledging others has a minimal repercussion if we consider
them individually. In a system with thousands of users, giving points to some
other specific user will not have, in general, a perceptible effect on the ranking
of the specific user who gives them. Nevertheless, the result of the simultaneous
delivering of points of all the users of the system yields a competitive environment
as a whole.

Let us note that, by using this method, the incentive for a user to reduce the
points she gives to others is very low, because what can actually constrain her
access to the resources is mainly the activity of others. This is specially clear if
we compare this method with a method where the units each user delivers are
erhaustible and each user is forced to pay fixed amounts of units before accessing
the information provided by another user. Let us also note that structuring
classes by fixed intervals of points (for example, users in the range 1000-1500
are located in the medium class) leads to the same competitive behavior: even if
the points cannot decrease and degradation is impossible, quality of the accessed
information effort can fall. The reason is that what is really important about
being in a given class is not the name of the class but the set of mates one has
in the class.



It is important to remark that the distribution of users among classes is
dynamically done by taking into account their behavior. However, when creating
a forum for the first time there is not information about the previous behavior
of the users. In that case, the administrator of the forum can choose between
assigning the same initial level to all the users, or creating some initial classes
based on her knowledge about the users. Note that, in many situations, the
administrator can have information about the skills of some of the users. For
example, when creating a new forum on a specific research topic, the set of guru
users can be easily obtained by considering the publications of the users about
this concrete research topic.

3 Adaptive Capabilities of the System

In this section we briefly comment how to adjust certain parameters in order
to minimize the mean time required to satisfactorily solve the questions. The
interested reader can find more details in [15]. The main parameters to be dy-
namically adjusted are the waiting times, that is, the times questions need to
stay unsolved at each level before forwarding them to an upper level. We will
denote by t;; the time that questions of users of level ¢ remain in level j before
forwarding them to level j+ 1. Let us remark that these values should be neither
high nor low. On the one hand, if they are very high then the response time will
unnecessarily increase: If a question is not solved in a reasonable time then it
will probably not be solved in any time. On the other hand, if the time is very
low then the probability to receive an answer at each level is very small. Hence,
upper levels would receive more questions that needed. In fact, the frequency
of questions can saturate the upper levels, reducing the overall efficiency of the
system. In this case, the response times would be increased as well. In the rest
of this section we comment how to compute appropriate intermediate values for
the waiting times.

The factors we will use to optimize waiting times ¢;; will be controlled by
users statistics. These data can be automatically obtained by the system without
affecting the normal performance of the application. Let us suppose that there
are n levels of users in the system. Then, for 1 < i < n we need to compute
the frequency f; of generation of questions of users belonging to level i. Besides,
we use a set of random variables to codify the time needed for questions to
be correctly answered in a given level. That is, discrete random variables &
describe the time required for a question coming from users of level i to be
solved by users of level j, assuming that the frequency of questions arriving at
level j (both from level j and other lower levels) is k. Let us remark that the
frequency of incoming questions influences the response time. This is so because
a high value implies that users of class j will waste a lot of time just reading the
upcoming questions. So, their efficiency answering questions will decay.

By considering the previous data, we can compute the probability p;;r+ that
the random variable &;;, takes a value less than or equal to ¢, that is, p;ji
will represent the probability that ¢ units of time have passed. So, the following



equality holds: p;ji = Prob(&ix < t) = Zi:o f(z), where f is the probability
density function associated with &;;. In the following we will denote by p;;;, the
probability of answering in level j a question initially placed at level i, assuming
an input frequency k. That is, p;; stands for pjjke,; -

By considering the previous random variables, the real frequency of questions
arriving at each level can be computed. Basically, the level ¢ will receive those
questions generated at that level as well as those questions coming from lower
levels that have not been successfully answered in the previous levels. Thus,
if we denote by g; the frequency of questions arriving at level ¢ then we have
9i = 2 1<j<i [i " Ij<p<i(1 = Djkg, ). Note that g; depends on other values g, so
it is defined in a recursive fashion. This recursion is well founded because when
g; depends on g we have k < 1.

Finally, in order to compute the mean response time for users of level i,
we add the mean times needed to obtain the answers at each level from i to
n+ 1, weighting this time with the probability that the question is satisfactorily
answered at this level. Due to lack of space we do not show the formula computing
it, but it can be found in [15]. Then, the problem of deciding the best waiting
times is reduced to obtaining the best values to optimize the formula.

Let us finally remark that it is also interesting to reduce the variance of
response times among different levels. That is, it is interesting to try to obtain
similar mean response times in all the levels. One could argue that if the mean
response times are the same for all classes then it is not relevant the class a
user is located in. So, there is no motivation to answer the questions of others.
However, this is false. If the variance is low, it means that the mean response
times are similar for all classes. In each class, the considered response time is
the mean time for all the members of the class. So, if a user inside a class learns
and improves her gkills, there will be a time when her questions will be harder
to be answered. As a whole, the mean response times of the class could remain
the same, but her own response times could grow. So, the only way for this
user to keep her response times will be to pass to the next class. Therefore, the
incentives for users to answer questions remain even if the variance is low. That
is, a reduction of the variance of response times does not eliminate the incentives
for users to improve their classes.

4 Implementation Details

In this section we describe our implementation of the system. In particular, we
will comment on the technologies we have used during the development of the
system. Moreover, we will also describe the different views available in the sys-
tem. First, let us consider the technologies used to construct the implementation.
In order to improve the portability and reusability of the system, open source
systems have been used as much as possible. More specifically, we have used the
following:

PHP: Most web pages of the system have been implemented by using this
interpreted language.
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Fig. 1. User point of view of the forum

Apache: Our server application uses it to serve the web pages.

MySQL: All the information available in the discussion forum is managed by
using it.

QK SMTP Server: We have used it as smtp server to send e-mails directly
from the local host to the mailboxes of the receivers.

JavaScript: This programming language - interpreted by the browser - was
used as complement of PHP to implement certain peculiarities of the discus-
sion forum.

After introducing the basic technology used in the implementation, now we
will concentrate on the views provided to the user. Thus, now we briefly present
the main screens of the application interface. Moreover, we will outline the be-
havior of the hierarchical forum. First, let us focus on the view shown to normal
users. Before granting users with the capability of posting messages, a welcome
screen requests for a registered user name to enter the forum. As usual, a login
and a password are required. If the user does not posses a registered user then
she may check in at the system by accessing the Get Registered functionality. As
it is usual, we also offer the possibility to Remember Password. Let us remark
that a help system is always available for the user. In particular, it explains
how to create a new account, how to solve problems with a previously created
account, etc.

Once within the forum (see Figure 1), the user can change the personal data
associated with her account, or she can actually uses the forum. In this case,
she can access the themes exposed on the forum by pressing on any of the titles
exposed in the tree. She can also search for specific topics (see Figure 2), create
new questions, answer previously created questions, etc. It is also possible to sort
the messages according to desired criteria (date, level, author, etc.). Besides,
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Fig. 2. Searching messages in the forum

the user can search messages by using either fast queries (by title, author or
contents) or advanced queries. In addition to the previous options, the user can
also request to receive an e-mail every time an answer to a specific topic is posted
in the forum. By doing so, we provide an alternative way to check the status of
a given question.

Now we focus on the application view for the administrator of the system.
Although the system can adapt itself automatically, we also allow the adminis-
trator to monitor the evolution of the system. In particular, she receives alerts
each time a relevant change happens in the system. The available options include
reading the help system, removing users and discussion threads (to protect the
system against illegal or undesired uses), adjusting system variables, and ob-
taining statistics about the use of the system. Let us briefly describe the most
relevant features:

Queries The most typical queries needed by the administrator are predefined
(questions accomplished in the later month; registered users; percentage of
answers not punctuated yet; requesting consultations on given punctuations;
etc.) Moreover, the system also allows to introduce any SQL query against
the database. By doing so, we provide a great flexibility to the administrator,
as she can access any information available in the system.

Graphics The system also allows the generation of special graphics to improve
the readability of certain statistics. In particular, predefined special graphics
include the following: Number of users per level (see Figure 3, left); num-
ber of messages per level; average days to punctuate a question per level,
comparison between the questions and the answered questions (see Figure 3,
right); average number of days to answer questions; and number of days to
answer each question.
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Fig. 3. Graphical statistics provided by the system

Help In addition to the standard help pages of the system, the system also pro-
vides help on the structure of the database’s tables. Let us remark that this
information is very important to allow the administrator to use SQL queries
against the system database: In case the administrator has no information
about the internal structure of the database, she cannot take profit of all the
advanced queries available by using SQL queries.

5 Conclusions

A market-oriented implementation has been presented to improve the perfor-
mance of discussion forums. The main idea underlying our tool is that questions
should be answered by the less qualified users who are still able to solve the prob-
lem. By doing so, the effort of more experienced users is saved, so that they can
use it for answering those questions that really require their advance knowledge.
In order to achieve this objective, users are dynamically distributed in groups
according to the capabilities that they have shown by answering the questions of
other users. If a user has a new question then she initially posts it in her group.
If after a certain amount of time nobody answers the question then the question
is moved to a higher-level group. Let us remark that the system dynamically
changes the group of each user by taking into account the perceived quality of
their answers.

We would like to point out that we have already provided an implementation
of a discussion forum based on the ideas presented in the paper. In fact, in the
previous section we have commented some of the characteristics of the system
we have implemented. In particular, we have described both the technologies we
have used and the main functionalities we provide.
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