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The paper presents the guidelines of a project of three italian Universities (Bologna, Siena, Trento) which aim is to 
integrate a multi-agent recommendation system that suggests educational resources to students into a mobile learning 
platform that supports mobile learning processes in a University context. The project covers three main areas. The 
first area is concerned with finding effective models for mobile learning. The second regards the evaluation of 
learning processes in mobile learning environments. The third focuses on the technological aspects of integrating the 
multi-agent recommendation system into mobile learning management system. The project has its foundations in the 
availability of significant experience on e-learning real processes, and on the availability of the source code of an e-
learning system developed in previous projects and currently used by different faculties. In this framework we will 
integrate InLinx, a multi-agent Web-based hybrid recommender system that provides a on-line bookmarking service 
in our m-learning architecture. 
 
1. Introduction 
 

Mobile learning is a field which combines two very promising areas – mobile computing and e-learning. Mobile 
learning could be considered any form of learning (studying) and teaching that occurs in a mobile environment or 
through a mobile device, like cellular phones, Personal Digital Assistants (PDA), smartphones, tablet PC etc. On the 
other side of mobile learning, we have e-learning, i.e., every educational process assisted by computers through the 
networks, and Internet in particular. M-learning has been considered as the future of learning or as an integral part of 
any other form of educational process in the future.  

As m-learning is quite a new domain, there is a lot of work and research that is presently going on. Specifically, 
people are trying to understand:  

• which learning models can help obtaining better learning processes when communication is mediated by 
mobile devices, and how the student mobility affects her/his learning process. 

• how it is possible to evaluate efficiency and effectiveness of learning processes based upon mobile 
technologies, given the physical limitation of mobile devices. 

• which services are useful for mobile devices, which is the enabling technology that can affect the wide 
diffusion of mobile learning. 

A mobile learning educational process can be considered as any learning and teaching activity that is possible 
through mobile tools, or in settings where mobile equipment is available. National and international researches in the 
m-learning field are geared towards some lines that we shall here overview. Different devices that exist and all the 
devices that are coming up on the market, with their limitations and advancements, provoke different ideas for 
applying them on learning, thus any device can mean different m-learning. Among the open problems, some are 
relative to the pedagogical use of mobile devices. Since the m-learning term appeared for the first time, some research 
has been done to investigate the cognitive and pedagogical aspects.  

Investigation had been done also on how useful mobile computing devices could be for reading or for workplace 
activities [1], on the basis of studying activity theory. Some authors [2] try to give directions to application designers 
for the areas, where the mobile devices should be most useful. Others [3] are trying to achieve conclusions by 
analyzing the theories of adult informal learning. In a few papers some interesting positive sides of using new 
technologies are underlined i.e. the participants are excited and want to try “new” things.  

Some findings show that introducing new forms of teaching (even if this means just using a standard tool for 
drawing on a PDA) make students spend more time in working on that subject, comparing to the other subjects.[4] 
The currently evolution and analyses of m-learning projects show many positive results. On the other hand there are 
some doubts if this excitement is, or is not, a temporary side effect. Most of the researchers think ([5][6]) that PDAs 
and other mobile devices should be seen more like extension, rather than replace the existing learning tools. Moreover 
not all kinds of learning content and/or learning activities are appropriate for mobile devices [7]. 
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The experience from years of development and use, the advance of technology, and the development of tools both 

for mobile services and e-learning techniques have resulted in a sophisticated, computer based m-learning system. 
However, there is still a lot of room for further development. Some of our current ideas toward the development of 
this field are discussed in this paper. In particular, we’ll present a project of our three Universities in which we want 
to use an existing Learning Management System and adapt it to the needs of mobility, having the source code of the 
system available. This mobile platform will be used to test principally new models for learning in mobile settings and 
tools for assessment of learning process through the use of mobile technologies. These objectives will be pursued 
through: 

• The adoption of a well tested e-learning platform adapted to the usage of mobile devices 
• Implementing mobile computing services in a University setting 
• Studying learning models linked to mobile technologies 
• Studying learning evaluation models based in an m-learning environment 
• Design and development of Learning Objects suited to mobile learning, together with services for evaluating 

their effectiveness 
• The experimentation of prototypes built in real learning processes 
• The integration of an hybrid recommendation system based on agent technologies able to effectively filter 

relevant resources from the Web, taking advantages of the shared interests among students. 
Designing applications for supporting the student on accessing Web information sources is one of the current 

challenges for the Artificial Intelligence community. Agent-based solutions represent a natural way of facing this 
problem, since the above requirements lead to software systems that autonomously react to user actions and 
continuously learn, from his behaviour. In particular, dealing with open and dynamic environments requires systems 
based on multi-agent systems technologies. By combining appropriately agents working cooperatively over space and 
time to solve a variety of complex problems, that are beyond their individual capabilities, multi-agent systems (MAS) 
are an important paradigm for building complex information systems, especially cooperative ones, that explicitly and 
systematically deal with aspects of cooperation and change. In this framework we propose to introduce InLinx, a 
multi-agent Web-based hybrid recommender system that provides a on-line bookmarking service in our m-learning 
architecture.  

The paper is organized as follows: first we will briefly present the three elements that in our opinion help to build 
a mobile learning environment, i.e., models, evaluation systems, and back-office tools. Next, we will focus on the 
evaluation of learning processes that offers interesting opportunities to introduce the need for personalized criteria; in 
fact, we consider fundamental personalized information classification and filtering facilities to use the huge amount of 
digital information according to the student’s personal requirements and interests. In this way, data can be obtained 
about which material is proving to be most effective in raising student achievement. Taken together with the profiles 
of student strengths and weaknesses, this may prove an effective tool for identifying which resources are most suitable 
for each student, giving them an individual program of study, tailored to their needs. The paper also introduces a 
paragraph that investigates how to smartly manage information using agent-based software systems and offers some 
useful links to related works. 
 
2. The three elements of building a mobile learning environment 
 

As said in the introduction, the aim of the project has three key elements. Firstly. we are interested into analyzing 
and viewing the system as whole and thus researching, whenever it would be possible, models that would allow us to 
individuate the relationships that connect those elements, as well as their knowledge value and reach. Therefore, the 
concept of model becomes the basis to connect the learning process with the languages, the methods, and the tools 
that are employed to implement and experiment the Virtual-Real Learning Communities. Such communities should 
deliver evaluations of the result of learning process and objective measurements parameters, which are (possibly) 
independent from the teaching contents .  

A second but not secondary issue is concerned with how to evaluate the m-learning tools and their model as a 
function of the induced quality in the learning processes. Talking about good quality in distance learning is 
undoubtedly a not easy task. Not easy for various reasons, first among everybody because has not closed the debate 
on what he understands, in more general sense, for quality of a formative intervention, with all what which this 
involves yet: didactic effectiveness, social and professional impact, investment, etc. We would like to assume for 
quality not as much the excellence as rather the management of a continuous process to approach the most possible 
the wished effect (for instance, what one wishes is learned) to real effect (what which has been learned). We call such 
systems closed ring, key element of this kind of systematic realignment is a constant monitoring aiming to the 
evaluation both of the users and of the whole process. The system of new generation which we intend to develop is 



based on the interaction of all the parts of the process, to give way to the distributor of the formative action, to 
monitor the process and to regulate it, when necessary, wished to redirect it adequately toward the effect.  

A key element for this is a constant monitoring, whose aim is to both evaluate users and the whole process. The 
new generation tool that we intend to develop is based on the interaction of all process components, so as to allow 
tutors to monitor and steer the process. In such way it will be possible to achieve a better coherence with the stated 
objectives, making therefore easier to reach the desired goals. Possible answers to these problems are presented in [8]. 
In the context of the present project we would like to highlight two particulars. First of all, the personalization of the 
tests is possible only in presence of a student model that memorizes a description of his expertise and brings up to 
date. Besides, the enlargement of the field of action of the evaluation, from the results to all the educational process, 
makes it possible the use a graph structure. 

As a third key element of the project, in order to support the experimentation of any tool or technique of m-
learning, a rather complex information system is necessary. Its role includes distributing didactic material, users 
identification and authorization, gathering of data relative to the user-system interaction, provisioning of mobile 
services, supplying statistics on level of usage and satisfaction etc. The main areas in which the mobile prototypes will 
be developed will use PDA, and portable devices in general, as mobile interfaces to the information system. At the 
current state of the project, three main areas are investigated : 

• The use of PDA as an enhanced organizer, by uploading/downloading data with the central system in 
order to align periodically or on demand the agenda of the user (teacher, student or other actors of the 
system) with all the academic appointments. This will imply the integration of the data schema of the 
agenda software of the portable device with the data coming from the central system. 

• The browsing of newsgroups managed by the central Learning management system (LMS) on the PDA 
screen, in case the user has no keyboard attached to the portable device, or the full interaction with the 
newsgroup in the other case. 

• The browsing of the LMS web pages where it is possible to download the educational material and 
consult it with specific viewers (at the moment, those related with the Office™ suite and with Acrobat™ 
PDF format) 

All this work will imply the adaptation of current dynamic pages that build the LMS to the mobile devices, by 
reviewing all the graphics, the different alignment of video elements, the adaptation of contents of the various pages 
of the LMS to the screen of different PDAs. Furthermore, we are experimenting techniques for guaranteeing the no 
messages are lost even when the device is out of coverage. 

From this point of view, the project attempts to interconnect m-learning technologies with e-learning, and e-
learning is in turn always more integrated in the information systems of academic institutions. The huge amount of 
data collected by this information system regarding user interaction with the system itself and with other users will 
constitute the base for feeding InLinx, the hybrid recommendation system we want to test in mobile environment. The 
idea is that a multi-agent recommendation system that suggests interesting educational resources to the users of the 
system will be extremely useful, and that mobile technologies will improve the communication between the system 
(and its InLinx component) and the end-user.  

 
Fig. 1: A general schema of the prototype 



In fact, information filtering systems can help learners by eliminating the irrelevant information, operating 
like mediators between the sources of information, the LMS, and the learners. Personalized filtering should be also a 
process of filtering based on not only the long-term interests, but also the short-term requirements. For these purposes, 
we consider relevant the integration of an hybrid recommender system that combine content analysis and the 
development of virtual clusters of students and of didactical sources. This information management system provides 
facilities to use the huge amount of digital information according to the student’s personal requirements and interests. 
In this way data can be obtained about which material is proving to be most effective in raising student achievement. 
Taken together with the profiles of student strengths and weaknesses, this may prove an effective tool for identifying 
which resources are most suitable for each student, giving them an individual program of study, tailored to their 
needs. Moreover, InLinx can find application in any context in which the group collaboration is a requisite, and we 
believe that a Web-based learning system is an ideal application domain. E-learning systems, and LMS in particular, 
are nowadays a key element in the learning processes that take place at Universities, and they are widely investigated 
in literature [9], [10], [11], [12]. Several implementations are available on the market, like for instance 
LearningSpace™, WebCT™, Blackboard etc. [13]. They are in the middle of a transformation from simple support of 
on-line learning (like in the case of LMSs) into real information systems (Learning Information Systems -LIS). As 
such, they integrate many components of the wide spectrum of a formative action [14]. Our project needs to integrate 
such systems with our project’s specific mobile-computing requirements. This means that we have to focus mainly on 
two points: on the one hand we have all the administrative and back-office processes of a Faculty (e.g. exam 
registration, didactic design, theses management, bookkeeping of teachers activity, University marketing etc.).  

On the other  hand, research attempts to focus on the technological evolution that brought to people mobility 
and mobile terminals (PDAs, pocketPCs, cellular phones, smart-phones, tabletPCs etc.) that are now present in every 
day’s life. These tools are an interesting for a LIS, since they allow the various actors (such as students, teachers, 
administrative personnel etc.) to have a mobile platform that keeps them in touch with the LIS wherever they are. The 
possible applications are therefore very many: we can for instance think at the possibility for a secretary to 
communicate with mobile-technology enabled students, or at possible mobile collaboration among teacher and 
students within a course framework (our research will explore this aspect).  

Some work has been done on Learning Management Systems, but the idea of a University Information 
System having a mobile component that belongs to the skeleton of the Information System is still in its infancy. It is 
therefore clear that it is not possible to be concerned with single classes of actors without considering the whole 
picture, since LIS aggregates users with different roles. The focus therefore moves from a system dealing with 
“courses” to a system that deals with “virtual communities”. A virtual community is a highy generalized 
communication space. In such way, a course given by a professor, a conference, the group of students working on 
their thesis under the supervision of the same advisor and a group of students collaborating on a project are all 
instances of the idea of virtual community. A virtual community can be supported at various levels by mobile 
technologies. LIS, in our definition, become computerized tools that give various kind of services to virtual 
communities. Such services can be adapted to the special needs of a given community. One research aspect of the 
present project is therefore linked to virtual communities and info-mobility related to learning: we intend study and 
experiment how activities of an e-learning portal can be integrated with the emerging mobile technologies. The 
research group will use an already existing community-oriented e-learning portal that has been in use for some time to 
integrate and test mobile technology and related methodologies.   

Moreover, thanks to the bookmark sharing and recommendation facility, InLinx contributes to human 
collaborative works: it supports group collaboration among people involved in a work process, independently of time 
and space distance, and learns from positive and negative experience in group practice. 

In its first version, InLinx has been designed as a tool to be used within a group of people sharing common 
interests or working domain. In origin, it was thought for a researcher group: researchers increasingly choose the Web 
as primary source where finding resources inheriting their research context. Typically, researchers need to be updated 
about publications of new papers in their field of interest (see InLinx paper recommendation tool) and they also need 
to share the most interesting resources with other individuals of the group who are interested in the same domain (see 
InLinx recommendation tool). 

But InLinx can find application in any other context in which the group collaboration is a requisite, like a 
Web-based learning system [15]. 
 
3. Evaluating mobile learning settings 
 

The experience from years of development and use, the advance of technology, and the development of 
authoring tools for questions and tests has resulted in a sophisticated, computer based assessment system. However, 
there is still a lot of room for further development. Some of the current ideas for development are discussed in the 
remainder of this paragraph. In line with many writers in the field of assessment, we distinguish three types of 
assessment:  



• diagnostic assessment; it provides an indicator of a learner’s aptitude for a programme of study and identifies 
possible learning problems;  

• formative assessment; it is designed to provide learners with feedback on progress and informs development 
but does not contribute to the overall assessment;  

• summative assessment; it provides a measure of achievement or failure made in respect of a learner’s 
performance in relation to the intended learning outcomes of the programme of study.  
The most common distinction in the literature is that made between formative assessment and summative 

assessment. A formative computer-based test is described as one where the results of the test do not contribute to a 
student’s final grades. Instead, the student’s scores are used to assist in improving the student’s learning, often by 
identifying weaknesses in the student’s knowledge and understanding of a given area or by helping them to identify 
and correct misconceptions. In a similar way, lecturers can also make use of the results obtained to help them improve 
their teaching by identifying areas that students have found difficult to understand. Nonetheless, in many assessment 
activities the difference is not so evident. 

A primary aim of assessment is provide the necessary information to improve future educational experiences 
because it provides feedback on whether the course and learning objectives have been achieved to satisfactory level. 
Yet, it is important that the assessment data be accurate and relevant to effectively make informed decisions about the 
curriculum. [16]. As just introduced in the introduction, formative assessment can also be used to help bridge the gap 
between assessment and learning. This may be achieved particularly where assessment strategies are combined with 
useful feedback, and integrated within the learning process [17]. 

This feedback need not be limited to correct/incorrect responses, but can include detailed textual feedback 
about answers and the topic area of the question. Formative assessment can assist in consolidation of learning, and in 
identifying weaknesses in assumed understanding. We think that it would be helpful to be able to deliver the same 
questions in a number of modes. For example, help mode, exercise and exam, with the test author being able to 
configure this to their own requirements. The help mode supports students when they start out on their learning; 
accordingly, the questions are delivered with maximum feedback including hints, visible marking on screen and the 
chance to reveal a correct answer. Exercise mode restricts the help to just visible ticks and crosses on screen for right 
and wrong responses. Finally, exam mode presents questions with no option for revealing answers and no 
ticks/crosses appearing.  

Our summative strategy consists of two phases: the former to find the approximate student level, the latter to 
give the student the right mark using a set of questions customized on his capabilities. The preliminary examination 
contains for every subject two or more questions for each difficulty level. The score obtained by the student in the 
first test is used to choose questions to propose in the second test. Using this technique we can build a test which is 
not redundant (due to the adaptively) and the same firs test set for every student, so we can get data on the quality of 
the items. Diagnostic assessment is quite similar. In particular, the two-session strategy is the same. The main 
difference is that it is taken before starting a course, to decide what kind of resources will be used. In this case, the 
system knows nothing about the student’s knowledge; it also records the scores of every answer, so the system can 
use them when it needs to explain a topic already scored. 

When an exam session is completed, we will have a score for every candidate and for every question. To 
obtain a human-understandable mark we used a function depending on two parameters α and p. We used this function 
in a large number of real cases and the experimental data showed that the choice of α is important to obtain well-
distributed marks. This value can be adjusted after the test correction, in response to the candidate’s answers. 
Moreover, useless items may be discovered. The value p is used to give full marks.  

To compose tests easily from a set of items and correct them, the system uses normalized questions and 
manages the item weighting: when an author creates a course, he sets weights that will influence the automatic item 
selection and the scoring algorithms. Some of the available forms of assessment strategies included in the proposed 
system are:  

• true/false, 
• multiple-response question; it is defined as a question in which the candidate is required to select two or 

more correct answers from a list of options. Both the number of correct answers and the number of options 
may vary. We consider the following three principle modes: i) constrained selection: the student is forced to 
make a prescribed number of selections, usually the same as the number of correct answers; ii) partially 
constrained selection: the student may make any number of selections up to the number of correct answers; 
iii) unconstrained selection: the candidate may make any number of selections up to the maximum number of 
options,  

• extended matching item and drag and drop question types share the same process of selection. In either case 
the student is required to select a number of items from a list then enter or move them to their correct 
positions. Thus the candidate must make two selections - which item and where to put it. The scoring 
simplest form considers a positive score allocated for each item correctly positioned,  

• image hot spot, 



• code writing. 
The process of assessment involves gathering information from a variety of sources to develop a rich and 

meaningful understanding of student learning. Modern computer assisted assessment packages are capable of storing 
and analysing vast amounts of information on student learning. With appropriate analysis this data can be used to 
identify the strengths and weaknesses of individual students and match these to learning resources that meet their 
needs. 
 
4. Agent-based Information Management 

 
Perhaps the most general way in which the term agent is used is to denote a software-based computer system 

that enjoys the following properties: autonomy (agents operate without the direct intervention of humans or others, 
and have some kind of control over their actions and internal state), social ability (agents interact with other agents/ 
humans via some kind of agent-communication language), reactivity (agents perceive their environment, and respond 
in a timely fashion to changes that occur in it), pro-activeness (agents do not simply act in response to their 
environment, but they are able to exhibit goal-directed behaviour by taking the initiative) [17].  

There are many possible applications of software agents. The literature identifies application areas where 
agent technology is, or will be, used, for example, systems and network management, mobile access/management, 
mail and messaging, information access management, electronic commerce, and so on. For the objectives of the 
presented paper, we consider information access and management, where software agents should help users not only 
with search and filtering, but also with categorization, prioritization, selective dissemination, annotation and 
(collaborative) sharing of information and documents. 

So, if the objective is to build a personal assistant who is collaborating with the user in the same work 
environment, then, we could introduce the interface agents metaphor, that is “computer programs that employ 
artificial intelligence techniques in order to provide assistance to a user dealing with a particular application” [18]. 
Moreover, when the agent should have access to at least one, and potentially many information sources, and should be 
able to collate and manipulate information obtained from these sources in order to answer queries posed by users and 
other information agents, then we introduce the information agent metaphor [19], [20], [21]. 

The information sources may be of many types, including, for example, traditional databases as well as other 
information agents. Finding a solution to a query might involve an agent accessing information sources over a 
network. A number of studies have been made on information agents, including a theoretical study of how agents are 
able to incorporate information from different sources [22], [23], as well a prototype system called IRA (Information 
Retrieval Agent) that is able to search for loosely specified articles from a range of document repositories [24]. 
Another important system in this area is called Carnot [25], which allows pre-existing and heterogeneous database 
systems to work together to answer queries that are outside the scope of any of the individual databases.  

Moreover, intelligent information agent should exhibit the two following main features: 
• cooperation: is the agent able to cooperate with each other for the execution of their tasks? Consider, for 

example, service brokering, matchmaking, negotiation, collaborative (social) filtering and the application of 
stemming techniques from the domain of human-agent interaction 

• adaptation: is the agent able to adapt themselves to changes in networks and information environments? 
Consider, for examples, learning personal assistants on the Web. 
Next, we introduce how InLinx intends to gather different agent-based modules helping the user to classify 

domain specific information found in the Web and saved as bookmarks, to recommend these documents to other users 
with similar interests and to periodically notify new documents potentially interesting, and provides immediate 
portability and visibility from different user locations, allowing to access the personal bookmark repository just using 
a web browser through the Learning Management System pages. For each user the system manages a specific user 
agent. 
 
5. E-learning recommender 

 
An ”e-learning recommender” is a recommendation system that would recommend a learning source to a 

learner based on his profile, and based on tasks made by other similar learners. The similarity of the learners could be 
established using user profiles, or could be based on common previous access patterns. In principle, there are two 
major parts in the design of such a system: a ”learning” module that learns from past access patterns and infers an 
individual or common access model; and an ”advising” module that applies the learned model at given times to 
recommend sources. There are many ways to implement this process, such as data clustering, association rule mining, 
or collaborative filtering, etc [26].  

Designing applications for supporting the user on accessing Web information sources is one of the  current 
challenges for the Artificial Intelligence community. As just introduced in the previous paragraph, agent-based 
solutions represent a natural way of facing this problem, since the above requirements lead to software systems that 
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autonomously react to user actions and continuously learn, from his behaviour. In particular, dealing with open and 
dynamic environments requires systems based on multi-agent systems technologies. By combining appropriately 
agents working cooperatively over space and time to solve a variety of complex problems, that are beyond their 
individual capabilities, multi-agent systems (MAS) [27] are an important paradigm for building complex information 
systems, especially cooperative ones, that explicitly and systematically deal with aspects of cooperation and change.  

In this paper we propose to introduce InLinx, a multi-agent Web-based hybrid recommender system that 
provides a on-line bookmarking service in our m-learning architecture. InLinx combines content analysis and the 
development of virtual clusters of users and of information sources that provides facilities to use the huge amount of 
digital information according, for example, to the student’s personal requirements and interests. Detailed information 
about InLinx technical characteristics can be found in [15]. 

The module includes a process of classification and recommendation feedback, in which the user agent learns 
from the student and adapts itself to the changes in user’s interest; this gives the agent the chance to be more accurate 
in the next classification and recommendation steps. Then, as more students use the system, the more next agent’s 
actions will be accurate.  

Our experimental tests produce several reasons to expect that the use of InLinx promotes student information 
management. First of all, we have tested the classification process. It achieves good results already from the first uses 
of the system without a formerly training due to used text-learning techniques (stop-list filtering, stemming algorithm, 
VSM representation and TF-IDF term weighting) and because of fixed category profile never substituted in the 
student prototype.   

Secondly, to evaluate the collaborative recommendation techniques we have considered different initial 
student profiles. The executed tests have highlighted the several components influencing the choice of 
recommendation receivers: 

• student interest in the category of recommended resource, 
• confidence level between students, 
• relation between the class prototype of recommended resource and the class prototype of other categories. 

The performed experiments have showed that the system respond to the “gray sheep problem” common in a 
pure collaborative recommendation system, that is, also a student with dissimilar interests respect to other students 
will be able to receive recommendation. 

Moreover, we can consider that in the used test environment each classification produces about two 
recommendations, showing the importance of the collaborative component of the system. 

Finally, to evaluate the content-based recommendation techniques we have considered the knowledge needs 
of a student surfing the Web to find detailed information about a specific subject. For example, we have considered 
several issues of on line journals from the web site of the Kluwer OnLine (http://www.kluweronline.com). Our 
classification algorithm executes ad hoc classification respect to student prototypes, to consider that they can 
dynamically change over time. So, it is possible that the same document is proposed in two different category for two 
different students. We have tested InLinx using some issues of  “Data Mining & Knowledge Discovery” journal when 
students have already saved their bookmarks and the system has updated prototypes and student profiles. 

Currently, we are working in order to improve the flexibility of InLinx (both in a functional aspect and a 
structural one, adopting solutions for user modeling capable of capturing not only structural but also semantics 
information) so that the system could be suitable for an open environment composed by heterogeneous users with 
miscellaneous interests. 

On the system facet, InLinx responds to the request of widely accessible information services, available both 
to developers and users, and to the ubiquitous computing and communication challenge. 

In fact, traditional browser bookmarks lack of immediate portability and visibility from different user 
locations. InLinx allows to access to personal bookmark’s repository from anywhere in every moment, without any 
software installation. You only need an Internet access point, being a PC as well a mobile device. So, access to your 
personal and shared data becomes independently of the platform on which the system is executing. 
 
Conclusion 
 

In this paper we present the general idea that a Learning Management System is much more than a system 
used in educational contexts to let users interact or exchange material. We believe that a LMS is a base from where a 
lot of extensions could be added in order to fulfill the complex needs of a University institution. We have first 
extended the Learning Management System at our disposal to mobile technologies, allowing users to interact with the 
systems and its users using mobile devices like PDAs, cellular phones etc. This extension arises the problem of new 
learning models that we must deepen in order to understand if the media changes the way we improve our knowledge 
learning from a computer. Another extension of a LMS we present in this paper regards the integration of a multi-
agent recommendation system, which aim is to collect data about the users’ behavior and preferences and then suggest 
them educational resources. InLink has an hybrid approach, it is able to effectively filter relevant resources from a 
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wide heterogeneous environment like the Web, taking advantages of the shared interests among users without losing 
the benefits provided by content analysis. 
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