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Abstract—This paper proposes an architecture to develop an 
e/m-Learning system with the following features: (1) learn-
ing paths that can be tailored to the user’s aims, which can 
be dynamically modified during the learning process to meet 
user needs; (2) in the context of m-Learning functionalities, 
contents that can be scaled and adapted to the user’s device 
and connection technology. As far as learning paths are 
concerned, learners are allowed to specify their initial target 
and, if they decide to study some issues at depth, they can 
gain authorization to redefine learning targets over time. 
This process is guided by a “Path Decision Module” based 
on Petri Nets, which checks the users’ learning level and 
consequently decides whether further learning materials can 
be faced or not. As for access to the system is concerned, the 
following scenarios are considered: UMTS (e.g.: for PDAs), 
DSL (e.g.: at home), WiFi (e.g.: within study lounges and 
libraries), wired/fiber (e.g.: within laboratories). In order to 
satisfy such heterogeneous requirements, contents are dy-
namically adapted to available technologies by means of on 
the fly data format conversions. The whole system relies on 
a hybrid LDAP-SQL database which uses directory services 
and relational databases. LDAP is used to store learning 
and assessment materials, whereas dynamic paths are stored 
in the SQL system. Analytical calculations are also pre-
sented which show the access time in each scenario and, 
consequently, if a certain activity can efficiently be carried 
out or not.  

Index Terms—e/m-Learning, personal targets, data format 
scaling, Petri Nets, LDAP-SQL. 

I. INTRODUCTION 
Advanced e-Learning systems must take many factors 

into consideration, such as functions offered the user, 
organization of contents and service fruition modalities 
[1]-[8].  

As far as functions are concerned, it is becoming more 
and more important to involve the user actively and to 
adapt the study process to specific needs. Not only does 
such a requirement imply a personalized and careful 
definition of learning paths, but also an efficient choice of 
assessment phases [9]-[13]. 

If subjects and contents are taken into consideration, 
whose management is the core of any e-learning system, 
among the many properties they should meet include 
clarity, completeness and their possible extension and 
integration with other learning sources. Of course, such 
features must be taken into great consideration when 
choosing the kind of database, for instance a relational 
system rather than an object-oriented or a multimedia one.  

As for accessing the e-Learning system, modalities 
should be as diversified as possible on the basis of student 
aims, ties, and timetables, as well as location and 
technologies at the user’s disposal. All such factors are 
decisive in order to reach a good compromise between 
quality of learning and studying conditions [14]-[19].  

In more detail, the following scenarios are taken into 
account:  

1. UMTS: used often when accessing the system 
through PDAs, for instance if some exercises must be 
realized; 

2. DSL: typically used when users access the system 
from a home setting; 

3. WiFi: quite common within a campus, in study 
lounges, and libraries; 

4. wired/fiber: generally used in the case of universities 
(for instance, in laboratories). 

 

In short, the entire architecture has been designed in 
order to meet the following requirements: 
Contents:   

i. first, according to user interests and purposes, users 
can define a personalized target or learning level;  

ii. moreover, in case individual users discover further 
interesting issues or more in-depth knowledge, the e-
Learning path can change accordingly over time.  

Access modalities:  
iii. in addition, learners are allowed to use different de-

vices and different connection technologies so the 
data is scaled and adapted for different situations. 

 

Taking all the above factors into consideration, the pro-
posed architecture consists of the following overlying 
layers:  

a) access to the system;  
b) testing module and learning path decision; 
c) data format adaptation module; 
d) database and organization of contents 

 

Personalized targets and individual interests can be 
achieved through modules (a), (b) and (d); the use of het-
erogeneous devices is made possible by modules (c) and 
(d). In more detail, the learning process is controlled by a 
Petri Net, which checks whether prerequisites have been 
met or not. As far as data scaling is concerned, it is ful-
filled by on the fly data format conversions. As for infor-
mation, the whole system is based on a hybrid LDAP/SQL 
database, storing learning and assessment material, as well 
as customized studying paths. Such operations are meant 
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to be tailored to different situations and last the whole 
lifespan of the learning process itself.   

The constant interaction among layers allows the 
system to adapt learning paths dynamically, with respect 
to both subjects and studying conditions. In particular, 
specific tests are constantly defined to keep improvements 
under constant check and the user has a certain degree of 
freedom in choosing access modalities.  

This approach could be of help in many fields, includ-
ing Computer-Aided Assessment, which, ranging from 
automated multiple-choice tests to more sophisticated 
systems, is becoming increasingly useful. With some such 
systems, feedback can be defined on the basis of both mis-
takes and actual achievements and can also be adapted to 
the natural mobility of many workers.  

More generally, these early considerations about access 
modalities can be of help in the context of heterogeneous 
learning/teaching methodologies. 

The paper is organized as follows: first, the proposed 
architecture is described from the user viewpoint and dy-
namic path decision (Section II). Afterwards, the whole 
architecture is presented and its components detailed (Sec-
tion III). In particular, the integrated e/m-learning schema 
is discussed with respect to data format scaling, testing 
phases and the underlying LDAP/SQL database technolo-
gies. Section IV presents analytical calculations of re-
sponse time on the basis of access connections, showing 
which parts of the e-learning process can be considered 
feasible in each considered scenario. 

II. MAIN ARCHITECTURE 
The proposed architecture is firstly described with re-

spect to I/O, then to the data flow which takes place over 
time among the four layers outlined in Section 1. The 
static behavior of the system is depicted in Fig. 1, whereas 
the dynamic process is represented in Fig. 2. 

Each layer will be expanded afterwards to discuss its 
components.  

A first, rough description of the whole architecture is 
shown in Fig. 1, where two main components are consid-
ered: the “User-System Communication Interface” (A) 
and the “Learning System Kernel” (B). 

 
Figure 1.  Main architecture 

The main aim of the first component is to facilitate data 
exchange between the user and the system. In this context, 
the word user refers to a student who queries the system 
during a learning process or asks for the availability of 
further services. Such functionality is represented by the 
“Query Layer” module (A1).  

The second role of the Communication Interface is to 
optimize the data exchange quantity and format between 
the user and the system to fit different connections and 
devices. This process is represented by the “Data Adapta-
tion” module (A2).  

As far as the Learning System Kernel is concerned, it is 
composed of: the “Testing Module/Path Decision” block 
(B1). Further services are placed at the student’s disposal, 
including a chat application for contacting teachers and 
other similar applications (B2). The third component (B3) 
is an integrated database that stores test and study files, as 
well as personalized learning plans and bookings of ser-
vices 

The overall process is the following: the user chooses a 
target, which is forwarded to the kernel. On the basis of 
the specified target, said module decides the initial test the 
user must undergo and successively suggests appropriate 
learning steps.  

Both the test and study files are consequently retrieved 
from the database and - as long as they are compatible 
with the e-Learning plan - adapted to the user’s device and 
connection technology.    

The dynamic definition of learning paths is a process 
that continues by means of further assessment phases and 
suggested steps. In case users decides to modify their tar-
get, they notify the system of the new information.   

In order to better explain how such process evolves 
over time (Fig. 2), let us define: 
• Ti the i-th target defined by the user, T0 being the ini-

tial target; 
• Lij the j-th learning level tested during the learning 

phase whose target is Ti; 
• Sij the j-th studying step suggested during the learn-

ing phase whose target is Ti 
 

When Ti (i= 0, 1.. n) and all the information about the 
user’s technology is forwarded from the external layer to 
the Testing Module. Said block then accesses the data-
base, retrieves an assessment test appropriate to Ti and the 
whole situation and proposes what to do to the user.  

 
Figure 2.  Main architecture: I/O data flow over time 
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On the basis of the test results, a learning level Lij is de-
cided and the Path Decision Module is notified. Said 
module then accesses the database and retrieves a learning 
step Sij that is appropriate to Ti, Lij and adapted to both the 
user’s devices and access technologies.  

Sij is finally proposed to the user and the process con-
tinues with further testing phases and definition of further 
learning levels and steps (j = 1,.. m for each fixed i). 

III. MAIN ARCHITECTURE EXPANDED 
In this section, the architecture in Fig. 1 is refined and its 
components discussed separately. The proposed approach 
can be described by means of the 4-layered architecture 
in Fig. 3, which is increasingly enriched from the left to 
the right.  
The vertical axis on the left reflects the classification in 
Fig. 1. On the right, all the components are expanded and 
represented with respect to their interaction and to the 
data flow which takes place among them.  
The main purpose and features of each block and its sub-
modules are described in the following.  

A. User-System Communication Interface  
The User-System Communication Interface must carry 

out the following tasks:  
1. receive the user’s requests (initial target and succes-

sive ones) and forward them to the Testing Module. 
All such requests are meant to be events that must be 
relayed to the system; 

2. receive the suggested assessment tests from the Test-
ing Module and return the results;  

3. receive the suggested learning steps from the Path 
Decision Module and allow the user to access the 
study material;  

4. manage access to auxiliary services;  
5. transform all such requests and answers based on the 

user’s devices (mobile, PDA, laptop, etc.). In other 
words, make the user and the system communicate 
on the basis of the user’s device (“Device Interpreta-
tion”); 

6. adapt learning data to the user’s device and access 
technology to meet the learner’s requirements and 
optimise the overall process (“On the Fly Data Con-
version”). 

Note that task 5 concerns the management of queries 
and data with respect to the user’s device and that it is 
accomplished by the Query Layer. Task 6 concerns data 
optimization on the basis of network access technology 
and is fulfilled by the Data Adaptation module.   

In more detail, the problem of converting data on the 
basis of available devices has not been mentioned yet. 
However, when talking of a data format, two different - 
even if not independent - operations must be distin-
guished: first, data transformation due to the type of de-
vice (Data Interpretation on the basis of device); second, 
data format optimization due to the type of network con-
nection (Data Adaptation).  

As for data interpretation, the system must communi-
cate on the basis of the user’s device. Consequently, the 
user’s data must be converted into a format that both the 
front-end to the system and the database can understand. 
This process lasts the entire lifespan of the learning pro- 

 
Figure 3.  Main components of each layer 

cess and can easily be done by means of XML conver-
sions. As a matter of fact, this is a straightforward, general 
and effective way of exchanging data between heteroge-
neous environments. 

As far as the Data Adaptation module is concerned, in 
order to optimize response time in each scenario, and es-
pecially in order to support m-Learning, the following 
guidelines must be taken into account: first, it is essential 
to reach the best trade-off among the user’s actual needs 
with respect to the quality and quantity of data, as well as 
response time; second, information must be adapted to 
available technologies (PDAs versus laptops, etc.). 

Developing such a system involves at least two aspects: 
first, information must be represented at different levels 
using different formats; second, an access methodology 
must be designed for filtering data on the basis of the 
above criteria. This is accomplished by the On the Fly 
Data Conversion Module, which retrieves data in its origi-
nal format and scales it so as to adapt it to the kind of net-
work access technology and device.  

Some considerations about these issues are the core of 
Section IV.  

B. Path Decision and Assessment Module  
As discussed in the description of the whole architec-

ture, the main role of this layer is to be aware of the user’s 
aims, check his/her learning levels, and consequently de-
fine a tailored study path.  

The main idea is the strict interaction between the Path 
Decision/Assessment Layer and the database. As a matter 
of fact, the database stores both assessment and study ma-
terial which are selected from the database on the basis of 
the user’s goals and actual achievements.  

The database schema will be discussed in Section C, 
however, in order to describe the process, it is briefly 
summed up below.  
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Its contents can be represented by means of a network 
of issues, levels and prerequisites. Consider issues Il and 
Im and suppose they are related (such as derivatives and 
integrals) and meant to be worked with at a given level 
(such as a course of Mathematics at a high school).  

For the sake of simplicity, suppose Il and Im can be con-
sidered steps of the learning process.  

Suppose that facing step Im after step Il requires prereq-
uisites p1, p2, ..pk.     

This kind of algorithm can be represented by means of 
a Petri Net [20]-[23], which acts as a traffic light between 
a learning step and the successive one. 

In this approach, the Petri Net’s places are testing 
phases (prerequisites), and its transitions are studying ma-
terials. A transition is enabled if all the required prerequi-
sites have been fulfilled.  

In other words, the architecture in Fig. 2 hides a cycle 
that guides the assessment phase and the possibility or not 
to proceed to further steps. 

Since the system is adaptive, contents are put at the 
user’s disposal on the basis of his/her device and access 
technology.  

C. Information System Layer: why LDAP/SQL  
As far as the underlying e-learning information system 

is concerned, its architecture has been designed keeping in 
mind that two kinds of information are involved:  

i. e-learning and assessment material, which is not 
meant to be frequently updated (named static data);  

ii. personalised learning paths and assessment results, 
which are time-varying (named dynamic data); 

 

It must also be noticed and considered that e-learning 
information can be represented by means of a hierarchy of 
subclasses; for instance, from a subject to its specific is-
sues.  

These requirements suggest the use of a hybrid database 
structure for data storage: an LDAP directory service [24]-
[25] for static data and a relational DBMS for dynamic 
information. 

LDAP provides both a model and an implementation 
tool that is particularly suitable for web-based e-learning 
applications, both from the data representation viewpoint 
and for an efficient web-based access.  

As a matter of fact, it is scalable, extendable and opti-
mised for reading operations, so it is particularly suitable 
for static data. It also supports standards and interfaces of 
many multimedia broadband applications and integrated 
access to e-learning services. 

Another important feature is that LDAP represents in-
formation by means of a hierarchy of classes using very 
flexible schemata. In the considered environment, this 
implies at least three advantages.  

First, the knowledge that a person acquires on a specific 
subject can be organized in an LDAP tree as follows: the 
nth-level class describes the subject in general; the nth+1-
level classes represent related subjects, issues and related 
issues, documentation and assessment material, prerequi-
sites, learning paths, and assessment tests.  

Learning and testing material, as well as paths and tests, 
are divided into as many subclasses as the number of tar-

get levels provided for. In this way the middle layer can 
access the correct material.  

As for the second advantage, LDAP was built for the 
integration of distributed environments, so it also suits the 
distributed location of documentation very well. As a mat-
ter of fact, for applications such as international remote 
education, e-learning information is distributed by nature.   

The third advantage concerns schema management. The 
schema of the e-learning database is likely to be modified 
or augmented during its life cycle as, for instance, due to 
the addition of new kind of media or information de-
scribed by different properties. A relational system, in 
traditional settings, does not allow efficient schema revi-
sion. Such operations involve high costs in terms of redes-
igning existent schemata, reloading data and verifying that 
original constraints and relationships on data are pre-
served. LDAP, on the contrary, offers high flexibility in 
modifying data structures. 

As far as the dynamic part of the database is concerned, 
it mainly concerns the time-varying personalised learning 
paths. In more detail, the dynamic database stores infor-
mation about the users and their individual learning 
phases, such as targets, suggested steps and actual 
achievements.  

Other information involves auxiliary services and their 
booking.  

In this case, an SQL database is more suitable. As a 
matter of fact, such models are optimized for read-
ing/writing operations and time-varying data.  

The connection between the LDAP and the SQL data-
bases are LDAP object identifiers which, as identifiers of 
subjects, issues, etc., are used as key information that de-
fines dynamical paths and assesses tests results. They are 
also used in the joint navigation of LDAP and SQL data. 

IV. ANALYTICAL CALCULATIONS 
Some considerations will now be made on the basis of: 

(a) scenario, meaning connection speed; (b) some learning 
contents and their dimensions; (c) minimal QoS required 
for a learning activity to be carried out efficiently.    

As for connection speed, four situations are considered 
(Table I). In this context, download speed should be more 
properly called goodput, i.e. throughput at the application 
level.  

TABLE I.   
SCENARIOS AND CONNECTION SPEEDS 

Scenario Technology Download 
speed (peak) 

with PDAs UMTS 1 Mbps 
study lounges, 
libraries (lap-
tops) 

WiFi  5 Mbps  

at home (lap-
tops, desktops) 

DSL 7 Mbps 

laboratories 
(laptops, desk-
tops) 

wired/fiber 10 Mbps 

 
The contents considered in this model are summed up 

in Table II: exercises, lecture notes and seminars, all of 
which are meant to be downloaded and used off line.  
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TABLE II.   
DIMENSIONS IN KB OF LEARNING DATA 

Data Dim(MB) 
exercise 1 

lecture notes 5 
seminar 10 

 
QoS thresholds are indicated in Table III, where three 

online activities are considered: following a lecture 
through videoconference, taking an exam on the Internet, 
and brainstorming with fellow students. The threshold 
indicates the minimal connection speed required for the 
acceptable fruition of the online learning material.  

TABLE III.   
QOS THRESHOLD 

Activity QoS threshold (Mbps) 
lecture 1 

examination 6 
brainstorming 8 

 
The above parameters are approximate. Nevertheless 

these considerations and the following calculations are 
meant to guide the user in choosing the appropriate learn-
ing conditions. The considerations above are formalized in 
Fig. 4.5, which shows the download time in the four sce-
narios and the activities that are feasible or not.  

As for Fig. 4, The x-axis represents learning data and 
scenarios, and the y-axis represents download time. 
Within each scenario, the blue area (the first one in the 
row) represents exercises; the purple area (second in  the 
row) represents lecture notes; the yellow area (third in the 
row) represents seminars.  

Comparing the four scenarios of UMTS, WiFi, DSL 
and wired/fiber, an exercise can be downloaded in 8 
(UMTS, 1Mbps), 1.6 (WiFi, 5 Mbps), 1.1 (DSL, 7 Mbps) 
and 0.8 (wired/fiber, 10 Mbps) seconds respectively. Lec-
ture notes require 40, 8, 5.7 and 4 seconds. A seminar 
requires 80, 16, 11.4 and 8 seconds.  

As far as Fig. 5 is concerned, following a lecture is 
hardly feasible with an UMTS technology, but it is feasi-
ble using the others. 

Taking an exam can be done efficiently with a good 
DSL and fiber connection, whereas UMTS and WiFi are 
not acceptable.  

Brainstorming activities are only be effected with a 
wired/fiber connection. 

 
Figure 4.  Download time 

 
Figure 5.  Feasibility 

V. CONCLUSION 
In this paper, a three-layered architecture was discussed 

for an e-learning system where users are allowed to spec-
ify their goals and redefine them during the learning proc-
ess. The proposed architecture is based on an LDAP-SQL 
information system which interacts with an assessment 
and path decision module. Said block suggests appropriate 
steps, retrieved from the database, based on the user’s 
actual achievements.  

Computations were also presented to assist the student 
select the information that can be effectively downloaded, 
as well as activities that are feasible or not in the consid-
ered scenarios.  

Future work will be devoted to the application of the 
proposed architecture to the TELEDOC2 project, whose 
objective is to define specialized learning paths for Infor-
mation and Communications Engineering PhD students 
and to make them accessible through multimedia services. 
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