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ABSTRACT

The new framework introduced by the European Space for
Higher Education entails the reformulation of teaching
strategies, which must not only be based on the teaching
process, but also on the learning process. Given the importance
of teamwork in nowadays’ engineering labour market, we
propose a teaching-learning strategy, which applies a
competency-based education approach and aims to reinforce the
generic teamwork competence. Its foundations are drawn from
the research on agreement technologies and multi-agent systems,
which are key research topics in the field of Artificial
Intelligence.

General Terms
Agents, Internet and Distributed Computer Systems.

Keywords

Teaching-learning strategy, teamwork competence, multi-agent
systems, cooperative learning, continuous assessment, learning
management systems.

1. INTRODUCTION

In the convergence process to the European Space for Higher
Education, competency-based education has become particularly
relevant [1,2]. This new approach allows the student to acquire
specific competences related to a certain subject, and generic
competences common to several subjects of the curriculum.
From the latter group stands out the teamwork competence
[50], which pursues the development of cooperation between
students in order to achieve common learning results.

More specifically, the teamwork competence promotes
cooperative learning [3,4] over individualistic learning. On the
one hand, several studies show that the learning results are better
when the students are placed in a cooperative environment [3,4].
On the other hand, the labour market is being increasingly
oriented towards projects developed by multidisciplinary teams
that require teamwork skills. In practice, project-based subjects
allow the teacher to establish teaching-learning strategies based
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on cooperative learning, which reinforce the teamwork
competence.

Multi-agent systems (MAS) [5,6] constitute one of the current
research disciplines in Artificial Intelligence (Al) field [7].
These systems provide computational models based on theories
from sociology, psychology, economics and so forth. Therefore,
we argue that experiences obtained from this research field can
be successfully applied in the education context and learning
management systems.

The main objective of the present article is to explore a novel
learning-teaching strategy which is inspired by the research in
multi-agent systems. This strategy pursues the promotion of the
teamwork competence in project-based subjects. Since the
aforementioned competence is directly related to the use of
information and communication technologies (ITC) [8] in
Computer-Supported Collaborative Learning (CSCL) [9]
environments, our final research goal consists of the design and
deployment of the proposed strategy in a learning management
platform. More precisely, we propose the Sakai-based
PoliformaT? platform [10,11,12], which has been adopted by
the Universitat Politécnica de Valéncia (UPV) 2

The remainder of this article is structured as follows: Section 2
provides background on the main topics related to this article.
Section 3 describes the different phases of our teaching-learning
strategy, contextualizing the use of PoliformaT in each of them.
Section 4 shows a case study in which the described strategy is
applied to an actual subject. Finally, section 5 concludes and
suggests possible directions to extend the present strategy.

%https://poliformat.upv.es/portal
Ihttp://www.upv.es/
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2. BACKGROUND

Teaching-learning strategies pursue both specific and generic
learning results, such as teamwork. The learning level acquired
by the student is measured by the evaluation system defined by
the strategy. It is important to remark that not only the teacher
must evaluate the student, but also the student should provide
feedback about the teaching-learning strategy.

The work proposed in this article is supported by concepts
extracted from MAS theories, i.e. distributed systems composed
by autonomous entities called agents [5,6]. An intelligent agent
is an entity which bases its behaviour in theories from
psychology, economics, sociology, etc.; it is characterized for
being autonomous, reactive to changes on its environment,
proactive in the sense that it performs actions by itself to achieve
its goals, and social, since it cooperates with other agents to
reach its objectives. In the field of MAS, agreement
technologies® (AT) [13] provide computational models for
autonomous agents that act on behalf of human users, in
applications like electronic markets [14] or emergency
management systems [15]. Among the aforementioned
technologies, the following can be highlighted:

- Negotiation and Argumentation: Negotiation focuses
on concession and proposal strategies that aim to
maximize the preferences of the agents which take
part in the negotiation process [16,17], while
argumentation [18,19] allows agents to reason about
their preferences and discuss them according to facts,
beliefs, threats, and so on.

- Planning: This technique allows the agents to establish
a course of action in order to reach a set of objectives
from an initial situation [20,21].

- Organizations: Sets of agents that interact together to
coordinate their behavior and often cooperate to
achieve some collective goal [22,23]. The organization
assigns roles to agents in order to distribute tasks, and
imposes norms [24,25] to regulate the behavior of the
agents through sanctions and rewards.

- Reputation: Since agents can show opportunistic
behaviors, it is necessary to establish reputation
systems to determine the agents that are more suitable
to interact with. Reputation is defined by the society of
agents to acknowledge collaborative and correct
behavior [26].

Some agreement technologies are conceptually represented in
different works regarding cooperative learning and teamwork
[3,4]. Despite the fact that MAS have been employed in
education in order to implement intelligent tutoring systems
[27], develop specific parts of e-learning systems [28], and
simulate educational environments [29], as far as we know, the
experiences extracted from MAS research have not been applied
to design teaching-learning strategies to encourage teamwork.

3http://www.agreement-technologies.org/

Since our teaching-learning strategy is strongly related with the
ITC, we have sketched it to be supported by a learning
management system. For this purpose, we have chosen
PoliformaT [10,11], the UPV learning management system.
PoliformaT is based on the 2.6 version of the Sakai
Collaboration and Learning Environment [12]. This learning
management system was adopted by the UPV in 2006, and since
then, it has become a core element in the university, being used
by more than 38000 students, 2600 teachers and 1700
researchers in more than 40 degrees [10]. It integrates a set of
tools and services to reinforce learning through the Internet.

Although Sakai offers tools to facilitate research and project
collaboration, PoliformaT is strongly focused on learning
management. Hence, the environment is organised by subjects.
This way, teachers and students can access all the information
regarding their on-going subjects in PoliformaT. Students are
allowed to consult subjects’ contents, laboratory practices,
marks, and so forth, whereas teachers also have the possibility of
editing such contents and assessing the students. It also offers
tools to enhance communications between teachers and students,
like forums, chat rooms, and so on.

3. TEACHING-LEARNING STRATEGY
The proposed strategy is composed of the following phases: (i)
team formation, (ii) activity proposal, (iii) analysis and temporal
planning of the proposal, and (iv) team dynamics and continuous
assessment [34]. The learning results that we want to achieve by
applying this strategy involve the acquisition of both specific
competences related to a subject and generic competences
common to different subjects. The main generic competence that
is promoted by this strategy is teamwork. Moreover, it promotes
a set of generic competences known as human relations, such as
oral expression and leadership.

The following subsections describe in detail the different phases
of our strategy, contextualizing how PoliformaT (see Figure 1)
tools can be used and extended to support each of them.

3.1 Team formation

This first phase, which focuses on establishing work teams [52],
is organized in three steps: team building, roles assignment and
norms definition. Note that the team members get to know each
other and discover their own strengths and limits in this phase. It
should be also pointed out that the collective team identification
process [30] also starts during this phase. Social science studies
suggest  that  collective  team  identification  helps
multidisciplinary teams’ performance. Thus, the teacher should
foster practices that enhance collective team identification.
Next, we describe each step involved in detail.

22



Design and Evaluation of Digital Content for Education (DEDCE) 2011

Proceedings published by International Journal of Computer Applications® (1JCA)

poli (formaT)
@ Logout
2 Schedule
Add | Merge | Imeert | Flelds | Permissions
£} Home
Calendar by Month
EJ Announcements
EJ DD View [GCalendar by Manth = MaY 2011
| Assignments
7 Tosts & Quisaes < Previous Month | Today | MextMonth >
=] Gradebonk
= Drop Box printable Version
& Chat Room
(& site Info Sun Mon Tue Wed Thu Fri Sat
< Contents 1 2 3 4 5 3 7
GJ Messages
o Forums
B syllabus g E] 10 1 12 13 14
¥ Manzgement
@, palls
&2 section Info 15 18 17 e 19 20 21
[}
22 23 24 25 % 7 28
29 30 3 1 2 3 4
Legend

# Academic Calendar 2 Activity @ Cancellation

& Class section - L Class section 4 Clags section -

Discussion - Lab Lecture

$8 Clase section - Small W Class session S Computer

Group Session

¥ Deadline 0 Exam © Weeting

@ Mubtidisciplinary @ Quiz % Special event

Conference

B Web Assignment i E-Tutorship

Fig 1: The PoliformaT learning management system.

3.1.1 Team building

The teacher can allow students to build their own teams, or
he/she can form them by himself/herself. This last choice is
more adequate due to the fact that it makes it possible for the
teacher to establish work conditions similar to those found in the
engineering labour market, since students will probably join an
unknown team imposed a priori by their managers. Teamwork
allows students to reinforce their knowledge by means of
interaction, since their individual marks depend on the learning
results achieved by the team. The following criteria, which are
obtained from previously collected information (e.g. by means
of surveys and questionnaires) from other subjects, may help the
teacher to build heterogeneous teams (i.e. teams are comprised
of members from different backgrounds):

- Level of development of specific competences by the
students: This criterion is useful if the specific
competences of the subject are directly related to
specific competences from other subjects of the
curriculum.

- Level of development of generic competences by the
students: Includes competences like teamwork,
leadership, oral expression, etc. The objective is to
promote that the team’s heterogeneity facilitates the
learning of students with a lower level of development
of a certain competence, with the help of the most
advanced students, which constitutes one of the goals
of teamwork and cooperative learning.

- Previous experiences: They are taken into account to
avoid conflict situations caused by an incorrect team
formation.

- Complementary knowledge: Team diversity motivated
by the different areas of interest of the students, offers
complementary points of view that help to enrich
team’s knowledge.

To register the established teams in PoliformaT, the teacher will
use the Section Info tool, which allows defining different types
of sections (groups) and assigning students to them. More
precisely, the teacher should create a new section type work
teams, and then create a section for each team. Finally, he/she
will edit the students” memberships to assign each of them to the
section corresponding to their teams.

3.1.2 Role assignment

Work teams can be seen as agent organizations where every
student plays a specific role. These roles, which are initially
assigned when the team is built and imply the execution of a set
of tasks, will rotate between students during the development of
the activity, so that competences associated to the role are
evaluated for every student.

One of the students will take the leader role, assuming team
coordination that assures the proper development of the activity.
A second role, the spokesperson, will act as a link between the
team and the teacher. Its tasks include fixing meetings,
conveying decisions to the teacher, representing the team, and so
forth. The rest of the students will take the participant role,
which does not imply any additional obligation. The teacher,
who takes the homonymous role, supervises and controls the
work that is being carried out by the students.

Currently, PoliformaT supports roles which are focused on
controlling the access to the different tools of the system. These
roles are not visible by the students and they are only
changeable by the administrator. Hence, they are not suitable to
model team’s roles, (i.e. leader, spokesperson, etc.). As of
today, the only way for the team to inform the teacher about the
roles assignment is to send an informative message to the
teacher via the Messages tool. Nevertheless, we propose as a
future extension the introduction of a new tool that allows the
explicit definition of team’s roles.

3.1.3 Norms definition

Team formation is completed with the definition of norms that
govern team’s behavior. The teacher should urge the team to
discuss its own behavioral norms such as punctuality, respect for
the speaking turns and the rest of the members of the team,
obligations associated with roles, etc. It should be noted that
these norms only regulate internal team dynamics and they do
not affect teacher’s evaluation criteria. In MAS research, norms
have associated a reward system, where actions that are
beneficial for the team should be rewarded, whilst detrimental
actions should be sanctioned. These norms, and their associated
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reward system, will be lately included in a learning contract [31]
signed between the team and the teacher (see section 3.3).

PoliformaT does not support the definition of team’s norms and
its associated reward system in a native way. Therefore, if
students were to define these elements for their team, they
would have to inform the teacher by means of a document in the
Drop Box tool or a message via the Message tool. Albeit the fact
that this solution may partially provide support for norms, we
argue that a PoliformaT’s extension would be more suitable for
this task. For instance, this extension could suggest pre-defined
types of norms and pre-defined types of sanctions, and allow
students to change/accept/deny these norms when decided by the
team. The teacher would be informed by the tool about changes
in norms since they will be used to evaluate the students.

3.2 Activity proposal

In this phase, the team members and the teacher will perform a
negotiation process to define the activity. The teacher can come
up with three different alternatives: (i) allow the students to
propose an activity according to the subject’s specific
competences (fully negotiable activity), (ii) propose a predefined
list of activities with negotiable aspects (partially negotiable
activity), or (iii) propose fully defined activities (without
negotiation, which would omit the present phase). Regarding the
first cases, totally and partially negotiable, it must be taken into
consideration that the teams may be heterogeneous, which may
cause an unavoidable conflict of interests.

The divergence of interests among the team can be associated to
the content and the extent of the activity, temporal constraints,
or the different aspirations of the team members regarding the
evaluation of the activity. The team should organize meetings
prior to the negotiation with the teacher in order to identify
compatible and incompatible interests and define proposals that
satisfy the preferences of all the team members. This way, the
team can plan the negotiation by previously establishing a
ranking of preferences about the acceptable activity proposals.
To do so, the students can rely on team dynamics processes like
brainstorming [32], negotiation [16], voting [33], etc.

Afterwards, in the meeting with the teacher, the student playing
the ’spokesperson’ role will bring up the negotiation according
to the agreements established in the team meetings. Note that a
meeting can be considered as an academic tutoring session [35].

As it can be observed above, this step mainly involves
negotiation among team members and the teacher. The decision-
making process may be carried out face-to-face (i.e., on-site
education [36]) or remotely (i.e., distance education [37]). In the
first case, team members negotiate in person and hence, they
may not need the support of a learning management system.
However, in the second case it may be useful to use some of the
tools provided by PoliformaT like the Chat Room and Forum
tools. This type of negotiation may be further enhanced by the

inclusion of tools like the ones found in group decision support
systems [38] (e.g., voting systems, videoconference, shared
blackboards, etc.). In any case, the final agreement should be
reflected in the learning contract, which can be stored in
PoliformaT by means of a shared document.

3.3 Analysis and planning of the activity

In this phase, the team must face up the planning of the activity
by identifying the tasks to be performed and establishing their
temporal scheduling. The planning process will be supervised
and validated by the teacher, who will be in charge of validating
the resulting plan.

3.3.1 Task identification

To ensure an adequate development of the activity, the team
should split it in a set of tasks. A task is a process that involves
all the members of the team and is interrelated with the rest of
the activity through its inputs and outputs. To define these tasks,
the team should identify the following aspects:

- Objectives: Definition of the task’s goals and the work
to be developed in order to reach them.

- Effort: This estimation assesses the duration of each
task and the workload to complete them. These values
approximate the weight of each task in the context of
the activity.

- Products: They determine the results of the task, and
have a double utility on the educational field. On the
one hand, they constitute the outputs of the task,
which will be reused as an input by subsequent tasks.
On the other hand, they are support elements for the
assessment process, since they provide objective
evidences of the work developed within the team.

- Precedencies: The team must establish the precedence
relations among the tasks. To do so, the inputs of each
task must be detected, i.e. the products required to
start the development of the task.

Finally, compulsory coordination tasks will be scheduled in
order to share the latest developments, and to argue about the
state of the activity. Consequently, teamwork dynamics are
guaranteed.

3.3.2 Scheduling of the tasks

This stage can be carried out in a semiautomatic way, by using
planning tools for teaching-learning activities [39]. These tools
establish a temporal planning of the tasks according to the
duration, resources and precedence constraints set up, which
allows detecting the sequence of tasks whose delay would
provoke a delay in the completion of the activity. From the
temporal planning obtained, the team members may negotiate its
details in order to adequate the plan to their preferences.

3.3.3 Plan monitoring and validation

The teacher will supervise the planning process and negotiate
some of its specificities to guarantee a successful development
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of the activity. For this purpose, the following aspects will be
verified by the teacher:

- Activity splitting: The division in tasks and the agreed
precedence relationships will be revised by the teacher
in order to check if they are appropriate for the
activity.

- Effort estimation: The teacher can adjust the duration
of the tasks if the team has not performed a realistic
estimation.

Once the plan is validated, the teacher will negotiate with the
team to schedule a set of checkpoints in order to assess the
development of the activity (see subsection 3.4) and the
performance of the team.

Finally, the teacher and the team will sign a learning contract
[31]. This document reflects the agreements reached until this
point. By this contract, the team commits to accept the
established norms (see subsection 3.1.3) and the agreed plan,
while the teacher assumes the responsibility of guiding the
activity development in order to ensure that the team members
achieve the expected learning outcomes.

This phase may be semi-automated by the inclusion of planning
and scheduling tools. Even though PoliformaT does not include
this kind of tools, there are several research projects that have
studied the application of these kinds of techniques to
educational domains. More specifically, we have been involved
in AdaptaPlan [39,40], an educational system which is able to
plan the academic year of a subject according to the available
learning objects, teaching resources, temporal constraints, and
students’ preferences. We argue that some of the techniques
designed for this project can be used to enhance the
functionalities offered by PoliformaT.

3.4 Team dynamics and continuous
assessment

In this phase, the team faces up the actual development of the
activity. The teacher will encourage the use of argumentation
mechanisms between students, to ensure that each proposal is
justified through argumentative dialogues [18,51]. Throughout
this phase, the teacher will carry out the continuous assessment
process, while the students will provide feedback to evaluate the
teaching-learning strategy at the end of the activity.

The purpose of the evaluation is to assess the learning of the
students [41]. Recent works [42] expose the need for a
continuous assessment by the teacher. The present work
proposes three different evaluation mechanisms in each marked
checkpoint (see subsection 3.3.3), dealing this way with the
continuous assessment of the activity:

- Ateam member, randomly chosen (it is not mandatory
that this student is currently playing the role of
spokesman) by the teacher, will present the current
state of the team’s activity to the teacher and the other
teams, who may ask for clarification at some point of
the presentation. The presentation will be used to
evaluate the whole team, ensuring this way that the
team members are fully committed with the activity
and team dynamics are followed instead of group
dynamics, as discussed in [43].

- The teacher will be reported about the execution of the
assigned roles in the team by means of anonymous
surveys that will be distributed among team members.

- The teacher will evaluate the objective evidences
obtained so far, i.e. the products of the completed tasks
until the present checkpoint (see subsection 3.3),
which represent the productivity and efficiency.
Additionally, these products help the teacher to
determine whether deadlines are met.

Once the checkpoint is passed, the roles defined will rotate
among students. Moreover, the following evaluation
mechanisms  will be applied throughout the activity
development:

- Definition of reputation systems [44,45] to assess the
teamwork competence. The students will evaluate the
development of the teamwork competence by means
of anonymous surveys. This will allow building global
reputation rankings concerning the cooperation level
of the students. Using this kind of systems,
collaborative work is promoted as an important aspect
among students’ education and evaluation.
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Fig 2: Dialogue between team members and the teacher to determine team’s norms.

- Introduction of an incident management system
that will be responsible of quickly informing the
teacher in case of the infrigement of a norm by
any team member. For instance, each time a norm
violation is reported, the teacher could be
informed by means of an email.

The last step consists on evaluating the strategy followed by the

teacher, thus obtaining feedback that will be used to refine this
teaching-learning strategy in its following iterations. For this
purpose, each student will fill in a set of individual surveys. This
process, combined with the students' academic performance in
the activity, will be taken into account to refine this teaching-
learning strategy in future activities.

Finally, once the activity development has concluded, the
teacher will give a final mark to each student on the team,
according to his/her specific evaluation criteria. To do so, the
teacher will take into account the continuous assessment
performed and other factors such as each student’s context,
attitudes and behaviour, class presentations, punctuality when
delivering tasks, etc.

Opposing to the previous phases, this phase is almost fully
supported by PoliformaT. Currently, PoliformaT offers
Gradebook, Announcements and Polls as three of its core tools.
First, the Gradebook tool can be used to perform a continuous
assessment, setting a mark after each checkpoint is reached.
Second, Announcements can be useful to remind the date of
checkpoints or for alerting in case that an unexpected situation
occurs. Third, the teacher is able to present the team with
surveys (by means of the Polls tool) for different purposes, such
as evaluating other teams, teammates or even the teaching-
learning strategy that has been applied by the teacher. Finally, it
should be highlighted that reputation and incident management

systems are not currently supported by PoliformaT. Thus, it
could be necessary to extend this learning management system
in that direction.

4. CASE STUDY

In this section, we expose the application of our strategy to an
actual subject. More precisely, we have considered the
Intelligent Recommendation and Decision Support Systems
(SIRAD) subject, which is part of the MSc in Artificial
Intelligence, Pattern Recognition and Digital Image® at
Universitat Politécnica de Valéncia. Note that our strategy is
currently at an exploratory stage, so this case study should only
be considered as an illustrative example and not as an exact
trace.

This subject, which offers a vision of the different reasoning
models that are used in Artificial Intelligence systems, focuses
on the development of a project by teams of three or four
students. However, the current learning results of the subject are
related only to the subject’s specific competences. According to
the European Space for Higher Education, generic competences
such as teamwork should also be assessed within university
subjects. Thus, we have selected this subject to develop the
illustrative example depicted in this section.

*http://www.popinformatica.upv.es/iarfid.html
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Fig 3: Dialogue between team members and the teacher to determine the activity proposal.

not only to allow the teacher to assess the subject’s specific
competences, but also to facilitate the evaluation of the generic
teamwork competence. From this point, we will assume that all
the dialogs carried out in each phase of the strategy (both among
students and between team and teacher) follow a turn-based
protocol, where all the students are equally treated. However, it
would be possible to assume any other dialog protocol.
Following, we detail the development of the different phases of
our teaching-learning strategy applied to the SIRAD subject.

Table 1. Academic profiles: Values range from 0 (lowest) to

10 (higher)
Bob Alice Chuck | Dave
Academic Expertise field Networks | Al Al Databases
info Average 1 5 2 1
number of
examination
sessions
Artificial 9 7 7 8
intelligence
subject mark
Final degree 10 7 10 9
project mark
Abilities Oral skills 1 1 5 8
Leadership 1 9 0 9
Previous 5 0 9 3
teamwork
experience
Beliefs Cooperative 8 5 8 9
student
Motivation 9 3 9 8
Preferences Works on YES NO YES YES
weekends?
English 9 9 4 6
speaking skills
Goals Expected mark 8 5 10 10

The teaching-learning strategy starts with the team formation
phase. The teacher builds a team composed by the students
Alice, Bob, Chuck and Dave. The teacher will have built
personal profiles of the team members by means of surveys and
questionnaires. These profiles describe their current
development of certain generic and specific competences in
terms of academic grades, abilities, beliefs, preferences and
goals. As it can be observed in Table 1, the students have
different objectives and expertise fields, configuring in this way
a heterogeneous team.

Initially, the team assigns the leader role to Bob, while Alice
assumes the spokesperson role, and Chuck and Dave act as
participants. Afterwards, they propose the set of norms (see
Figure 2) that will govern the team’s behaviour from now on.
Once the students have reached an agreement about the team’s
norms, Bob will prepare a learning contract that will have to be
validated by the teacher.

In the activity proposal phase, the teacher decides to allow the
team to propose an activity related to the specific competences
of the SIRAD subject. The team will follow a brainstorming
process (see Figure 3) to define an activity that satisfies the team
members’ preferences. Initially, Chuck proposes an activity
which is subsequently refined by Alice. After being informed
about the agreed activity (“Integrating the Fast-Forward planner
[46] with a group recommender system”), the teacher ensures
that it adjusts properly to the specific competences of the subject
before approving it.

Concerning the analysis and planning phase, the students
initially split the activity into six different tasks (see Figure 4),
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which involve analysis, design, development, verification,
presentation and evaluation of this activity. Once the tasks have
been identified, the team carries out the temporal scheduling, as
depicted in Figure 4. Following, the team negotiates the
scheduling details in order to accommodate their preferences.
For instance, Alice does not want to work at weekends, so the
team accepts this adjustment with the condition that all the team
members work on the activity during the week.

Once the teacher agrees with the planning, she establishes
several checkpoints in the calendar which will serve as
evaluation points and role-changing events within the team.
Lastly, the teacher and the team update the learning contract
with the planning of the activity.

The team starts to work cooperatively on the activity during the
fourth phase of our strategy. Once the first checkpoint is
reached, Chuck is randomly chosen as the oral presenter of the
activity status. The teacher asks him about the current state of
the activity, and gathers evidences, by means of PoliformaT’s
Polls tool, which shows that the work is not being developed as
expected.

Then, the teacher uses this testimony and the information
gathered through the reputation system and the incident
management system to determine which members of the team
are not performing as expected. Additionally, the different
surveys will also reflect how the students have performed the
different roles and their associated competences. Then, the
teacher arranges a meeting with the team to point them out the
shortcomings of their work and encourage them to improve their
team dynamics and generic competences.

After the checkpoint, the roles inside the team are shifted by the
teacher. Chuck and Dave will play, respectively, the leader and

spokesperson roles, while Alice and Bob will assume the
participant role.

From this point, the team takes into account the teacher’s
recommendations and starts improving team dynamics. The
activity development continues until the final checkpoint, in
which the teacher gives the final marks to the team members,
according to the evidences gathered by means of PoliformaT
throughout the whole activity development. Hence, the
information available in PoliformaT may be seen as a teaching
portfolio [47] of the activity.

5. CONCLUSIONS AND FUTURE WORK
This article has explored a teaching-learning strategy aimed at
reinforcing the teamwork competence in project-based subjects.
This teaching-learning strategy is based on experiences drawn
from agreement technologies, one of the current research topics
in Artificial Intelligence and multi-agent systems. It allows the
design of activities for teams of students and their continuous
assessment by the teacher throughout the learning process.

The teaching-learning strategy is strongly related to the
information and communication technologies. Hence, we have
analysed the application and possible extensions of the Sakai-
based PoliformaT learning management system to each phase of
our strategy.

As for future work, several directions appear to be promising:
applying the present strategy in an actual educational
environment such as the SIRAD subject (as proposed in the case
study); suggesting extensions to the PoliformaT learning
management system to meet the requirements detected in the
present article; or developing our own set of Computer-
Supported Collaborative Learning tools in order to support it,
allowing the teacher to supervise the activity and evaluate the
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progress of both the teamwork competence and the rest of
specific competences.

Moreover, we believe that our teaching-learning strategy can be
extended to satisfy special educational needs [48]. These needs
include giftedness, learning and communication challenges, and
behavioural and developmental disorders. This way, we pursue
the adaptation of our teaching-learning strategy, allowing
students with special educational needs to integrate within a
work team and successfully acquire the subject’s generic and
specific competences.

Finally, we also propose the adaptation of our teaching-learning
strategy to deal with off-campus education, also known as
distance education [49] or external study, which brings
students and teachers that are separated by geographical distance
the possibility to collaborate in the same team. Currently, the
proposed strategy includes some on-site phases, so our goal is to
adapt these phases to allow the teacher and the team to choose
between carrying them out on-site or off-campus.
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