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Abstract—The European Higher Education Area, an agreement
by 29 countries to unite and harmonise qualifications and
Universities’ rapprochement to the real demands of the labour
market, will make a significant change in the traditional model of
teaching tools to carry out more personalised monitoring of the
student’s work, leading to the possibility of continuous
evaluation. The suitable use of Information and Communication
Technologies (ICT) can make a contribution to improving the
quality of teaching and learning. In this context, a self-evaluation
platform is developed using the technology of Intelligent Agents.
This system can be adaptable as it adjusts the various self-
evaluation tests to the student’s level of knowledge. Each student
has a profile and, depending on this, timing and interaction is set
by the agents.
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L

In June 1999, the E ducation M inisters from 29 European
countries met in t he Italian city o f B ologna t o approve t he
declaration for the convergence process towards the European
Higher Education A rea ( EHEA). 2010 w ass et asa f inal
deadlinet o f inalize thispr ocess which willa llowth e
unification of f undamental questions related to H igher
Education studies in the European Union.

INTRODUCTION

The basic aims set by the EHEA are the following:

e Create a system of university qualifications which are
compatible in all Europe, divided into two cycles

(graduate and postgraduate).

Use the same university credit system in all European
countries, based on the student’s efforts.

Promote s tudent and lecturer m obility in H igher
Education establishment.

Design a new teaching model focused on the student
who becomes the protagonist of his own learning.

Establish a high quality evaluation system based on the
student’s continuous work.

To achieve these aims, one of the most significant changes
in the EHEA is the new vision of the concept of learning. The
traditional U niversity system focused on teaching (by the
lecturer) w ill b ecome as ystem whichis focused ont he
student’s learning, t hrough t he us e of m ore a ctive t eaching
methodologies, more personalised monitoring of the student’s
work b yt he lecturer, and more i nvolvementa nd student
autonomy in the process of teaching and learning.
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Another s ignificant ¢ hange oft he E HEA c oncernst he
process o f e valuation. Traditional t eaching m ethods m easure
the s tudent’s | earning by us ing o bjective processes — both
written and or al — which ¢ annote valuate t he s tudent’s
continuous effort and have no clearly formative obj ective. In
thisne we ducational s cenario, thes tudent’s ¢ ontinuous
evaluation and the absence of a teacher are the main axes of the
formative process. The lecturer will assist and guide, designing
various activities focused o n acquiring the d esired 1 evel o f
competence. One technique which has formative characteristics
is a self-evaluation test. However, this type of assessment is not
very us eful asit cannotadapt to different student’s profiles.
Most software tools built to date which incorporate this type of
assessmenta ren ota daptedt ot hes tudent’si ndividual
characteristics nor do they allow the extraction of information
on student behaviour when sitting the assessment.

1L

We are familiar with software used in education which is a
combination of tools used didactically to facilitate and improve
the process o f't eaching and learning [1]. Numerous s ystems
have been de veloped but the results obtained w ere n ot t hose
hoped f or. Ther eason is thatm ost dono t havec learly
formative ch aracteristics and allow any kind o f programmed
activity to be carried out by the lecturer, despite the fact that
the student has not acquired the necessary knowledge to do so
in optimum conditions. M oreover, they consider that one
particular student’s level of knowledge will be the same as the
others in the group, regardless of work developed and personal
circumstances.

SOFTWARE IN EDUCATION: BACKGROUND

The m ain a im of't hese a pplications s hould e nable the
development o f initiativea ndt hes tudent’sa utonomous
learning through different tools which will allow him to check
his own work, t ake a dvantage ofhi s po tential ¢ apacity f or
learning and let him choose the tasks to do, how to do them and
the level of depth. Moreover, they should facilitate constructive
learning byt utoringt hes tudent’s actions pr oviding an
explanation of the mistakes committed and offering opportune
help and s upport. F inally, t hey s hould gi ve t he | earner t he
mechanisms tob e a ble top lan, regulate and e valuate hi s
learning [2].

ADb riefh istoricals ummaryo fth ea pplication of
Information Technology t o t eaching is s howed ne xt, s tarting
with th e most basic s ystems up to Intelligent Tutor S ystems
(ITS) devised in the 80s. We will later show some proposals
of thec urrentp erspective supportedi n instructive a nd

April 14-16, 2010, Madrid, SPAIN

IEEE EDUCON Education Engineering 2010 — The Future of Global Learning Engineering Education

863


mailto:mparis@udc.es�
mailto:mariano.cabrero@udc.es�

constructive di dactic approaches, no ting t he ¢ ontribution of
Intelligent Educational Systems.

The first t eaching s ystems u nder the na me o f Computer
Aided Instruction (CAI) appeared between the ‘50s and start of
the “70s. They provide information to the student in the form of
three ¢ ategories: (a) L ineal Programs, w hereby a Il s tudents
receive the same knowledge and in the same order. The
student’s pa rticular aptitudes a re not taken into a ccount. (b)
Ramified Programs, w hicho ffera 1ls tudentsth es ame
knowledge, but the order depends on their answers. These do
not take into account the student’s aptitude and the system acts
in the same way when given the same answers. (c) Adaptive
Systems whereby all students receive the knowledge adapted to
their ne eds, both the difficulty o fthe problem and the detail
with which they must answer. The problem with these systems
is that t hey ar e not valid for al | subjects and only acc epta
single an swer to a problem w hen in fact there may wellbe
several.

Int he © 80s,t hese type of s ystemse volvedt owards
Intelligent Tutor Systems (ITS), which combine techniques of
Artificial Intelligence (AI), psychological models of the student
and the expert, and theories of education. An ITS is an expert
systemin a s ubjectw hich a dapts th ¢ in formation to the
student’s needs. As the student’s learning process occurs step
by s tep, co ntinuousu pdating w ill be ne cessaryo f the
information stored in the ITS.

Int he © 90s,t he applicationo fA It echniquest ot he
development o f these s ystems 1 ed t o Intelligent Educational
Systems (IES). Unlike p revious models, | ES do not claim to
substitute a classic system of teaching and learning, but are an
alternative ¢ omplement t o i mprove t he quality o f teaching.
Depending o n t he s tudent’s own 1 earning, di fferent t ypes o f
IES are distinguished: (a) Intelligent Training Systems, based
ona ni nstructional focus inw hicht hel ecturer provides
continuous student feedback. Its main disadvantage is the
student’s passive role which can lead to the loss of motivation.
(b) A daptive H ypermedia Systems ( AHS),b ased ona
constructive focus, w hereby t he s tudent c hooses the route o f
his | earning f rom t hose programmed byt he lecturer. A's a
consequence of this amount of freedom, the student can lose
direction a nd not a chieve hi s aims. D espite being opposing,
bothop tions areva lid andne cessarya ndc an be
complementary.

Currently, gi ven t he e xpansion a nd f amiliarisation of't he
Web, under the name of e-learning systems, there are various
software s olutions designed mainly for s upporting un -staffed
teaching a nd 1 earning, a Ithought heys erve asa s upport
resource for t raditional t eaching i .e. platforms an d s oftware
systems which permit communication and interaction between
lecturers and students, access and sharing of contents, materials
and r esources, t he a pplication o f co-operative strategies o f
learning e tc., w hich s upport (to a large e xtent) the s tudent’s
formative p rocess. T he main inconveniencei s thelack of
adaptation to the ty pe of student involved in this in teraction.
Any e -learning s ystem s hould a dapt t he f orm, q vantity a nd
difficulty of content to the student’s qualification to motivate
both his progress and how he reacts when faced with obstacles.
Thus o ne must program s ystems which c an build a dynamic
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student’s profile which summarises his abilities and aptitudes
as regards a concrete topic.

III.

A student’s profile could be set up by unitinga piece of
data w hich reflects the student’s competencies as regards
concepts, proceduresa nd aptitudes f ora s ubject. S uch
information ¢ an be obtained e asily f rom e valuating va rious
objective assessments, such as examinations or tests and from
the 1 ecturer’s s ubjective e valuations sucha st he learner’s
participation in the classroom or in tutorials. This information,
clearly symbolical, could be used to personalize any type of
student evaluation assessment, adapting it to the level of
acquired knowledge a nd a ptitude. This applies in th e s ame
form as the design of self-evaluation assessments.

CREATING A STUDENT’S PROFILE

A computational model of a student’s p rofile whichi s
dynamically adaptable a nd u p-to-datec anb es etu p by
evaluating various self-evaluation tests and analysing how this
is confronted and how to solve the problem [3]. As a g eneral
rule, t raditional t eaching i s divided i nto va rious s essions or
seminars w ithat eacher,a ndt hese are accompaniedb y
complementary activities which aim to strengthen, consolidate
and am plify t he f undamental concepts presented ine ach
session. Taking th is in to consideration, a s tudent’s profile
wouldb em adeu p of twoc omponents: (a)a particular
component, w hich i s obtained from t he s tudent’s kno wledge
and aptitude for a concrete topic; and (b) a general component,
which is the calculation of all the particular components of the
student’s profile.

General Particular
Component Component
(Subjects) {Topics)
Student’s Profile
Figure 1. The components of the student’s profile

The r ationale behind ¢ onsidering t his double ¢ omponent
stems from the fact thatthe student maybeveryable ina
concrete topic (as he has been successful in tests) whereas he
lacks knowledge in other areas. Considering purely the general
component of his profile, h is k nowledge w ould be 1 ow and
consequently, f urther t ests wouldno tbe difficult. Thus
challenges wouldn oti ncreasean dh e could become
demotivated. In the same way, if the successful result of a test
raises the general component of his profile considerably, later
tests would be more challenging even when the student has not
shown a highl evelo fc ompetence. T hus,t he general
componento f as tudent’s p rofile m easures h is g eneral
competencei nt hes ubjecta ndt he particular component
measures hi s 1 evel of kno wledge and a ptitude i n e ach topic
(Fig. 1). The former is upd ated w hen t he s tudent 1 ogout t he
system and its value is calculated as the average value of all
profiles in each topic. The latter is updated after answering any
test belonging to a given topic. The score of a test is a linguistic
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label r epresenting t he number of ¢ orrect/incorrect q uestions
answered and the student’s b ehaviour whilst s itting the t est.
Table 1 shows how the student’s current profile is updated by
this score.

TABLEL  UPDATING STUDENT’S CURRENT PROFILE BY A TEST SCORE
Current Score of self-evaluation test
profile Very high High Medium Low Very Low
High High High High Medium Low
Medium High High Medium Low Low
Low High Medium Low Low Low

To obtain an initial s tudent’s profile, one can consider the
mandatory realization of a number of non adapted tests. This
initial p rofile would b e constantly modified d epending o n
results obtained i n a dapted t est: correct/incorrect q uestions,
consuming time to solve it, time to answer each question. This
type ofte stw ould bes etu pa utomatically b y s electing
questions whose level o f d ifficulty suits the actual student’s
profile: de pending on his particular level of knowledge a nd
errors committed when doing previous tests on the same topic.
Once the test is corrected, the system shows the corresponding
feedback and updates the student’s profile (Fig. 2).

‘ Previous I

wsts |0 /)| Feedback ‘
U L
P | Ny Make &
knn;wle:se |—|,/ Adapted test |—‘/ Correct

~ 1
N
-9

=/ o

update !

Student’s
preferences

Student’s
profile

Figure 2. Three steps to personalize the construction of self-evaluation tests.

IV. COMPUTATIONAL MODEL OF THE SELF-EVALUATION
PROCESS

As we have seen, in the new scenario created for the treaty
of Bologna, e valuationi s a process w hich ¢ ontinuously
measures the student’s effort. W e have mentioned the use of
self-evaluation as sessments, adapted to thes tudent’s ] evel
qualification, as a means of evaluating acquired knowledge and
help study. In this sense, we have developed a self-evaluation
software tool, based on Intelligent A gents t echnology, which
can au tomatically g enerate at est based ona personalised
profile [3].

The multi-agent s ystem d eveloped uses a set of agents to
manage the self-evaluation process, from the moment when the
system is accessed, passing through the process of generating
the test, to the moment when results are given. Fig. 3 shows the
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organisation of agents which carry out these tasks and which
are described below:

Interface Agents: interact directly with the User. These
are classified as Student interface A gent and G eneric
Interface Agent.

Intermediate Agents: carry outt het asks r equested
through t he us eri nterface. They ar e cl assified a s
Student Agent, Authentication Agent, Corrector Agent,
Adaptor Agent, and Monitoring Agent.

Information A gents: the Database A gent ac cesses the
information stored in databases.

The main functionalities of the agents are detailed below:

e The Interface Agent allows th e s tudent’s interaction
with t het ool. Twot ypesc anb e distinguished: ( a)
Generic Interface Agent, for s tudents w ho ha ve not
been authenticated, its aim is to negotiate access to the
system for a User who is not authenticated, (b) Student
Interface Agent, for a uthenticated u sers, its aimis to
allow the student to do a s elf-evaluation test, i nform
himo ft he result, s how t he m istakes a nd gi vet he
feedback to improve his level.

The Student Agent maintains th es tudent’s p rofile
during the interaction with the system. I'ts aims are to
inform and design the student’s profile.

The Authentication Agent controls a student’s access to
the tool and ensures he is identified until he has
finished the interaction. It must check if the student is
authenticated or not. W hen the Authentication Agent
authorises access, a Student Personal Agent is created.

The Correction Agent corrects s elf-evaluation t ests.
For th is, it analyses a nd ¢ ompares th e in formation
received from each of the student’s answers, and the
information stored in the database. It must correct and
obtain the test result.

The Adaptor Agent generates s elf-evaluationt ests
adapted tot he student’s pr ofile. I te ndeavourst o
choosea hosto fq uestions andc reatet he self-
evaluation test.

The Monitoring Agent supervises the student’s activity
when he does the self-evaluation test. One of its aims is
to obtain the parameters o f monitoring which depend
on the difficulty and complexity of the topic of the test,
1.e. the maximum time to do the test, the time for each
question, etc. A nothera imis tom easureth ese
parameters a nd give i nformation o n the student’s
behaviour whilst sitting the test.

The Database Agent manages an d centralisest he
access to information which is stored in the database. It
must pr ovide i nformation on the User or on the test
which  will becr eated: questionsav ailable,
configuration of the test and parameters to measure.

Each agent is assigned a set of sub-task and interacts with
others agents to achieve his goals.
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Figure 3. Organization of Multi-agent system.

= Ask for in formation o n th e q uestions: t he Corrector

V. IMPLEMENTATION OF THE SELF-EVALUATION TOOL Agent asks the Database Agent for the data necessary to

To im plement the self-evaluation tool, a W eb ap plication correct t he t est, a nd when the t esti s co rrected, t he
has been developed whereby the agents’ platform is situated. Corrector Agent sends the results to the Database Agent
The gl obal architecture of the system is composed of a Web so that these are stored in the database.
client (abrowser with which th e s tudent in teracts), a Web = Carryouta correction: the Corrector Agent sends t he
server, and a database, as the multi-agent systemis an extra test resultsto  the Student Agent, charged w ith
component of this architecture as shown in Fig. 4. Through the maintaining the particular ¢ omponent of s tudent’s
Web interface, s tudents interact transparently w ith th e multi- profile belongs to a current topic. Also sends them to the

agent s ystem. T he s erver collects information generated by Interface Student Agent, charged withs howingt he

interactions of the multi-agent system and databas.e,.from mistakes a nd gi ving t he feedback t o i mprove level o f
agents and from s tudents. It processes and presents it inthe

form of dynamic Web pages. student.
SERVER ST UDE NTS Student Corrector Agent Database Agent Student Agent
Interface Agent . X
WE B PAGES BRO WSER Ask for correction " A;I: :E;i:[loer;\izlri‘:n
AGENT'S e ORI e
PLATFOR M T [Send results of correction
JADE
Send results for updating particular profile
L javacooe fH—— gk -
> DATABASE ‘ |
——— /

Figure 4. Global Architecture

. . . Figure 5. Interaction diagram to carry out a correction
Fig. 5 shows the interactions between a gents to solve the £ & i

request to obtain the result of a self-evaluation test, and how

updating the particular component of student’s profile: Fig. 6 shows the i nteractions between ag ents w hen t he

= Ask for correction: the Student Interface Agent receives ~ Student wishes to exit to the system and the general component
the request and sends it to the Corrector Agent. of student’s profile is updated:
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Request to exit: the Student Interface Agent receives the
request to exit the tool and sends it to the Student Agent.
Collect p articular ¢ omponents o fp rofile: th e Student
Agent ask the Database Agent for information about the
particular profile in each topic.

Update g eneral p rofile: the Student Agent compute a
new general profile from particular profiles and send it
to the Database Agent.

Student

Student Agent
Interface Agent :

Database Agent

Collect particular
L componenets of profile
-

Request to exit

Information about
particular components

Update the general
component of profile

Exit

Figure 6. Interaction diagram to update the student’s profile

The im plementation o f this architecture impliesth e
integration o f different t echnologies. F irstly, t he m ulti-agent
system is modelled by the IDK, tool o fINGENIAS [4], an
agent methodology which extends MESSAGE and establishes
how a Multi-agent System has to be modelled and integrated
with the “best p ractices” o f e ngineering. The tool uses the
Agents’ platform JADE compliant with the FIPA standard.

Secondly, the Web application is developed in J2EE. For
this, Apache technology known as STRUTS is used, following
the Model-View-Controller pattern of architecture.

Finally, information o n the s tudents and the pr ocess o f
self-evaluationi ss toreda ndm anaged in a database
implemented with MySQL.

VL

The EHEA p roposes a teaching m odel w hich i s s tudent
focused, as the evaluation will undergo a substantial change as
will t he s tudent’s 1 evel of k nowledge, effort and ¢ ontinuous
work. To carry out the changes considered by the EHEA, one
must provide all the necessary help, not only to the students,
but also to the lecturer.

CONCLUSIONS

Self-evaluation is a process which starts with an assessment
intheformo f atest and e nds w ith i nformation on errors
committed. This type of assessment is beneficial both for the
student and lecturer. For the student, a test result is an objective
evaluation of the level of kno wledge, un derstanding, mastery
and progress reached in the subject, which allows him to direct
his 1 earning. I nt urn,t he lecturer ¢ an ga thers ignificant
information on th e d egree of s atisfaction of th e in itially s et
aims, which will e vidently depend on teaching s trategies and
resources.

To resolve some of these needs, a self-evaluation tool has
been developed which allows thes tudent toe valuate hi s

978-1-4244-6571-2/10/$26.00 ©2010 IEEE

learning pr ocess, he Iping hi mt o ¢ heck and ¢ onsolidate hi s
acquired kn owledge a nd m otivating hi mi n hi s se arch f or
further knowledge. This tool can be adapted for each student,
which s atisfies a s eries o f objectives. Firstly, it g ives the
student a flexible and dynamic way to e valuate his level of
knowledge and kno w w here he m ust im prove. S econdly, it

involves a nd m otivates t he studenti nhi s own p rocess of
learning. Thirdly, a nd la stly, it f acilitates th e ¢ ontinuous
monitoring and evaluation of s tudents by t he I ecturer, t hus
alerting him to c ompetencies w hich will be more difficult to

acquire.

The tool uses a M ulti-agent S ystem to build a student’s
profile based ont her esultso ft he self-evaluation test.
Moreover, it records student interaction with the tool, generate
adapted t ests, an d ch oose questions (and level of d ifficulty)
which will be part of the test.

Therefore, b y using this tool, the s tudent will be able to
control, verify and promote learning through the self-evaluation
tests adaptedt o h is profile a nd f romt he i nformation of
feedback generated by the agents once the test is corrected.
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