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ABSTRACT 

In this paper we present some results obtained in an ongoing 
research project aimed at developing a collaborative 3D 
fantasy virtual learning scenario (which we have given the 
name Nucleo) for teaching subjects related to computer 
programming in engineering education and technical schools. 
Our system has three basic objectives. The first is to induce a 
change in the students' attitude towards study by placing 
them at the center of the learning experience. The second is 
to increase students’ motivation by bringing multimedia 
formats, content interactivity and the aesthetics currently 
preferred by engineering students into the learning scenario, 
while at the same time, maintaining a clear focus on the 
curriculum’s learning objectives. The third is to provide a 
learning environment that simulates the way people work in 
teams in a real-life professional context, focusing on 
developing basic teamwork abilities and important soft and 
social skills. The system is currently being tested as several 
engineering educational contexts to prove some basic 
hypothesis. Here we describe the main features of our 
system, the results obtained in three different cases of study 
and a discussion about what conclusions can be drawn from 
them.  

 

1. Introduction 

Computer programming disciplines are part of the curricula 
in several different Engineering Schools and also in many 
Spanish Technical Schools. However, we have detected 
deficiencies and problems with teaching these disciplines in 
the Computer Science School and in the Electrical 
Engineering School at the Complutense University of 
Madrid:  

 In the last five years drop-out rates have increased and a 
more and more passive attitude on the part of students in 
the classroom has been observed. There is a recent 
research tendency that insinuates the negative influence 
of students’ early exposure to multimedia and 
technological devices in this phenomenon [18] [32] [33] 

[31]. According to this school of thought, traditional 
learning formats are no longer appealing to young 
people.  

 Traditionally, very little attention has been paid to 
developing students' teamwork abilities, such as conflict 
management, handling of process coordination, 
communication among team members, task division and 
planning or leadership. Although the acquisition of 
these sorts of abilities is always desirable, they are of 
key importance in the domain of software engineering 
and information systems. The development of software 
is usually the result of the coordinated efforts of 
members of a team in which everyone plays a concrete 
role. Nevertheless, the computer programming curricula 
in our faculties is mainly focused on developing 
theoretical concepts and technical abilities. 

The Nucleo system uses a problem based learning (PBL) 
framework that is staged inside a virtual world of games and 
role plays, conceived to be applied in a blended learning 
setting. PBL has proven its efficiency over the years in 
helping to develop not only students' technical abilities but 
also teamwork skills [14]. Nevertheless, it is not easy to 
implement effective PBL, especially in non face-to-face 
settings, one of the main obstacles to overcome being the 
capacity to create effective group dynamics among virtual 
team members. Research literature on virtual learning teams 
indicates that there are a number of characteristics for 
successful, dynamic and high performance virtual teams. 
These include genuine interdependence, rotating leadership, 
high levels of trust in other members of the team, social 
communication, ability to work on a common group goal, 
and tools to support project management [14]. According to 
these works, it also seems clear that the feelings of belonging 
to a community lead to greater commitment, greater 
cooperation, and greater satisfaction. Nucleo applies four 
combined strategies in order to increase the effectiveness of 
the collaborative learning experience: 

 The learning takes place in the context of a multiplayer 
role game staged in a virtual fantasy world, with a 
twofold objective: first to enhance students' motivation, 
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forcing them to abandon their passive listening role 
(games and virtual worlds are increasingly being used in 
education [9] to engage students in active learning 
processes); and second, to create a propitious 
atmosphere that may lead to the creation of social and 
affective bonds among players, which leads to the 
formation of a community of practice [6].   

 Formation of heterogeneous teams, as an implicit 
assumption of collaborative learning is that students 
teach and learn from one another. The teams are formed 
around those students whose learning strategies are 
effective by using Vermunt's framework for learning 
styles [44].  

 Assignation of functional roles. Roles appear to be most 
relevant when a group pursues a shared goal requiring a 
certain level of task division, coordination and 
integration of individual activities [42], particularly in 
software engineering projects. On the other hand, roles 
are used in professional life (in fact, in the software 
industry they are of crucial importance), so this is also a 
way of training our future engineers in what it will be 
their required professional skills.  

 Dynamic reconfiguration of teams and rotation of roles. 
During the course students have the opportunity to 
belong to different teams and perform different roles in 
order to promote the acquisition of different abilities, 
and to confront them with the paradox of having to 
collaborate sometimes and to compete other times with 
the same people. 

The Nucleo system is used in a blended learning context for 
teaching computer programming disciplines and it is plugged 
to the pre-existing Learning Management System (LMS) in 
order to enhance both tools with complementary 
functionalities. The project is being developed following an 
iterative and incremental development process as a way of 
gradually verifying different sets of hypothesis.  In Phase 1 
several features concerning the instructional framework were 
tested and improved through the experimentation carried out 
in three different computing programming courses, two of 
which took place at the previously mentioned Engineering 
Schools at the Complutense University and one at a 
Technical School. This paper is mainly devoted to presenting 
the results obtained and analyzing the efficiency of the 
framework. This analysis considers how the framework 
influences the drop-out rate and motivation while 
maintaining the curriculum’s learning objectives, whether it 
really produces a change in the students’ attitude toward their 
own learning process, and whether the students' team work 
abilities are improved. 

The rest of the paper is structured as follows. First, in section 
2, some related work is reviewed. Section 3 presents a 
discussion over general issues concerning the approach 
taken. In Section 4 the Nucleo framework is described from 
three different points of view: conceptual, instructional and 
technological. Then the incremental project development 
plan is sketched along with the main hypothesis to be proved. 
In section 6, the three case studies and the experimental data 
obtained are described. Finally, some conclusions are 

presented, as well as the future work involved in the 
following project development phases. 

 

2. Related work 

The framework proposed combines several different existing 
approaches, specifically dPBL (distributed Problem Based 
Learning), CSCL (Computer Supported Collaborative 
Learning), and learning in virtual worlds or MUVEs (Multi-
User Virtual Environments).  There are a number of different 
applications belonging to these approaches that share some 
features with the Nucleo system. In this section we present 
some of the similarities, although as far as we know, Nucleo 
is a unique combination of all these approaches.  

PBL has been implemented several times in virtual settings 
for different domains, including for subjects related to 
software programming; just to mention a few that share some 
features with the Nucleo system: CROCODILE [26] is a 
multi-interface PBL system in which groups interact through 
shared virtual rooms. The interaction among the Nucleo 
community also takes place in a virtual world and the 
members of the same team interact within the limits of the 
virtual ship while the whole class interaction occurs on a 
virtual island (which may be comparable to CROCODILE 
virtual rooms, but addressing the two different levels of 
social interaction our system requires); STEP [41] is a dPBL 
environment that uses specialized tools to facilitate the 
execution of a set of individual and group tasks in which the 
resolution process of the proposed problems is divided. In 
Nucleo there are different tools assigned to different roles 
and the resolution of the problem is the underlying objective 
of different activities; Alien Rescue [2], like Nucleo, stages a 
problem based learning strategy in a fantasy world within the 
context of a game.  

Also, several CSCL applications have studied the impact of 
team composition on the efficiency of collaborative learning: 
I-Help [19] identifies the four standard patterns of behaviour 
in collaborative learning (tutor, student, expert and fellow 
learner) using taxonomies; GRACILE [5] contains students 
tasked with the execution of specific learning activities based 
on the intentions of the group and the its common 
knowledge; In the work of [27] the complementary 
knowledge of individuals is taken into account when forming 
groups; In ¡Error! No se encuentra el origen de la 
referencia. and [10] considerations about the students' 
learning styles are considered in group formation using 
Felder-Silverman's learning style model; Finally in work [37] 
a model based on student personality and intelligence is 
proposed to make up the groups. As is described in section 
3.1, Nucleo uses Vermunt's framework both to form 
heterogeneous but complementary groups and to assign roles 
to individuals, by means of an adaptation process and a 
collaborative student model. 

Recently, the interest of virtual immersive worlds or MUVEs 
(Multi-User Virtual Learning Environments) to stage 
learning is rapidly increasing. A very similar pedagogical 
approach to the one taken in Nucleo is implemented in the 
Harvard University River City Project [35], a MUVE 



designed around topics that are central to biological and 
epidemiological subject matter. As visitors to River City, 
students travel back in time, bringing their 21st-century 
knowledge and technology to address 19th-century problems. 
River City is a town besieged with health problems, and 
students work together in small research teams to help the 
town understand why residents are becoming ill [12]. In the 
Massachusetts Technological Institute Revolution project, 
students experience history and the American Revolution by 
participating in a virtual community set in Williamsburg, VA 
on the eve of the American Revolution [34]. Other examples 
of the use of MUVE in education are: Atlantis Quest, a 
project developed by the University of Indiana for children 
between 9 and 12 [4], TappeIN [43] for teachers’ online 
professional development, or AquaMoose 3D [3], one of the 
first applications of MUVEs in education. There is now 
emerging a whole branch of applications based on the use of 
the Second Life environment [38] for educational purposes; 
over 400 universities and 4,500 educators participate in the 
Second Life Educators List (SLED) [39]. Another related 
project is Sloodle [40], which uses Moodle services and 
database through the 3D interface of Second Life. The 
Nucleo system is also an application that has an underlying 
LMS that provides tools, data and services. 

3. Discussion of the approach  

The work presented in this paper is a field study about the 
application of our Nucleo framework in programming 
courses. Nucleo is an innovative contribution to the field of 
virtual collaborative blended learning that can be applied in 
real and complex domains, with limited budgets, and while 
considering aspects such as the integration with pre-existing 
ICT infrastructure. This paper presents the results of three 
experiments conducted in three different real contexts, 
involving more than 250 students, who were tracked for a 
whole semester. Several assessment methods were applied in 
order to extract the conclusions presented, including two 
different ways of evaluating the students' knowledge (exams 
and deliverables), periodical satisfaction questionnaires and 
teachers' informal perceptions. From this data, our group 
draws some conclusions about the influence of Nucleo in the 
students’ motivation and their acquisition of technical and 
soft skills. 

It can be argued that an accurate measurement supporting 
such conclusions would require wider experimentation. For 
instance, evaluating the efficacy of games in terms of 
acquiring knowledge is a task that will engage the whole 
educational community for many years (studies such as [20], 
or [21]). In fact, this is one of the most polemical and 
difficult to achieve issues in the game based learning domain 
(see for example [20] [15] [45]). Although it is certainly 
beyond the reach of our possibilities to offer a categorical 
response to some of these key issues, we would like to 
support, with some discussion, the scope of the study 
concerns, the relevance of the samples, and the validity of the 
evaluation methods performed. 

At least in the Spanish higher education context, 
measurements of students’ knowledge gain are done through 
the results obtained from exams. Even though the 

effectiveness of this method may be debatable, it can be 
considered the most common mechanism to assess 
knowledge, and thus we have adopted it to evaluate this gain. 
As section 6 shows, more students that followed our 
experimental framework passed the final exam, and they 
obtained better marks on average than their colleagues who 
followed the traditional method. 

Another controversial issue about game based learning 
approaches is how to categorize them: is the game a carrier 
of the learning or is it a place where the learning takes place? 
According to several authors [13][11] the main difference 
between "edutainment" and game based learning is that, 
while edutainment games follow a format in which players 
either practice repetitive skills or rehearse memorized facts, 
educational video games "require strategizing, hypothesis 
testing, or problem-solving, usually with higher order 
thinking rather than rote memorization or simple 
comprehension. Characteristics of such games include a 
system of rewards and goals which motivate players, a 
narrative context which situates activity and establishes rules 
of engagement, learning content that is relevant to the 
narrative plot, and interactive cues that prompt learning and 
provide feedback." ([13] pp: 21). We certainly think that our 
approach presents all the characteristics necessary to be 
included in the second typology. Several features of the 
system presented in this paper support this claim: 

1. The game is set around challenging problems that 
require developing higher order thinking skills rather 
than memorizing concepts. 

2. The problems are conceived in such a way that require 
the development of a team strategy. For this strategy, 
the team members are provided with explicit guidelines 
that depend on the role they are assigned. 

3. The whole framework is staged in an immersive 
atmosphere and follows a fantasy narrative that situates 
the learning activity, in order to promote the 
development of social bonds that may lead to an 
improvement of the collaboration process. Several 
recent research works have defended the effectiveness 
of this strategy. Moreover, the educational community is 
beginning to consider MUVE's potential to create 
immersion atmosphere as tools worth testing, to the 
extent that the use of this sort of environments has 
multiplied in the last three years (see for example 
[15][16][21]). 

4. The learning content is relevant to the narrative plot. 
The students are provided with hints and guidelines to 
obtain the content that is relevant for the development of 
the missions. Therefore, knowledge is acquired in 
situation and is applied in context.  

5. The game includes a system of rewards and goals that 
motivate the players. In the Nucleo system, students' 
avatars get different distinctive physical features linked 
to their intellectual achievements in order to promote 
motivation by social recognition. The atmosphere of 
competition is enhanced by publishing individual and 
team rankings.  



6. Interactive cues and feedback are constantly provided 
throughout the development of the missions. The 
tracking system that the interconnection between the 
game and the LMS supports, helps in providing students 
with constant feedback and clues to solve the game 
challenges. 

4. The Nucleo project  

4.1 Nucleo conceptual framework 

PBL was proposed by Neufeld and Barrows [29] in the 1970s 
for university courses and since then, has gradually spread to 
many other knowledge domains [8]. According to Barrows 
[7], PBL can be explained as “the learning that results from 
the process of working towards the understanding or 
resolution of a problem.” This approach is usually case 
based, small group, self-directed learning, in which a group is 
given a specific problem to solve. Instead of an expert, the 
group has a tutorial leader or facilitator who shares 
information and guides the group through the learning 
process. In sum, PBL learning is a process of building on 
prior knowledge, problem solving, the use of critical thinking 
approaches and reflection [25]. This self-directed, collective 
approach is a very different way to teach compared to 
traditional lecture-based approaches.  

Educational literature has shown the benefits of using PBL 
and other approaches that promote active collaborative 
learning to improve students’ thinking skills [23]. It has been 
demonstrated that it leads to deeper levels of learning, critical 
thinking, shared understanding, and long-term retention of 
the learning material. Furthermore, collaborative learning 
also provides opportunities for developing social and 
communication skills, acquiring positive attitudes towards 
co-members and learning material, and building social 
relationships and group cohesion [22]. Despite all these 
advantages, it is not easy to implement a PBL approach 
effectively, especially in virtual learning environments or 
even in blended learning environments, where the richness of 
personal interaction among members is more limited than in 
a face to face setting. Two of the reasons are: 

 It relies very heavily on group dynamics for its success. 
Group cooperation and cohesiveness have been 
identified as key factors [6].  

 Social interaction appears to be the key to collaboration 
[17]. Nevertheless, just placing students into groups and 
giving support to some kind of communication among 
them does not guarantee the emergence of the social 
interactions that lead to effective collaboration. 

In Nucleo, as is done in most PBL environments, learning is 
structured around the resolution of "real world", complex and 
ill-structured problems, which have to be solved by 
collaboration among the members of small teams. The main 
differences between Nucleo and a classical PBL approach are 
the following: 

The first important difference is that in Nucleo the "real 
world" is a fantasy world. Therefore the practical 
programming cases around which the learning is structured 
follow the narrative of the game’s back-story. The game 

metaphor takes the student to Nucleo, an artificial universe in 
peril of extinction. The survival of this entire world lays on 
the students' shoulders. In order to confront the menace, they 
are trained in the weapons of knowledge. The training 
simulates a real attack from the enemy (in the form of a 
mission), which the aspirants must repel by clustering in 
small combat units (usually composed of 3 or 4 members). 
Students’ avatars play the role of these champions and their 
type of participation, duties, and skills in the crew are 
conditioned by their role. The different crews compete to 
obtain the best solution. At the end of the training period, 
only the best will reach the grade of Paladins. We have found 
that presenting this scenario at the beginning of the course 
certainly intrigues the students, thus inducing a change in 
their attitude (they turn from passive listeners to active 
warriors within the game atmosphere). Also the structure of 
the game provides the motivation and the urge to solve the 
problems and the characterization makes the player's role in 
the narrative believable, therefore facilitating the learner's 
immersion [36]. The idea of embedding a PBL approach in a 
game to create a immersive fantasy atmosphere has also been 
used in several learning applications, such as Alien Rescue 
[2], River City [35] or Atlantis Quest [4].  

The second important difference is that Nucleo seeks to 
increase the effectiveness of collaboration by improving 
group dynamics. The system includes an adaptation module 
in order to form heterogeneous teams and assign internal 
roles. Similar approaches have been taken in [1], [10] and 
[37] but using different conceptual models to group the 
students. In addition, in Nucleo, teams and roles are 
reassigned dynamically after every mission, in order to 
enrich the social interaction and give the student the 
opportunity to handle different responsibilities and duties, 
while they get different perspectives for solving the problem. 

The rationale for organizing teams according to 
heterogeneity in ability is defended in several research works 
[30]. The classification of students in Nucleo is performed by 
means of Vermunt's Inventory of Learning Styles [44], a 100 
question inventory which students must complete before 
starting the course. Vermunt's framework was specially 
conceived for university students and is really more of a 
classification of students according to the strategies they 
usually employ when learning, rather than a learning style 
classification as it is usually understood. Vermunt classifies 
students into four types depending on the attitudes they adopt 
in five different areas of learning. These four learning styles 
are: meaning-directed (MD), application-directed (AD), 
reproduction-directed (RD), and undirected (U). Those 
students who are able to self-regulate their learning processes 
would benefit from a loose teacher strategy. This is usually 
highly correlated with MD and AD patterns. On the other 
hand, students without this ability would need stronger 
teacher control and guidance. This corresponds to the RD and 
the U patterns. Therefore, we try to group the more 
autonomous students together with those who require 
stronger leadership throughout the learning process, 
implicitly assuming that this way of grouping will be of 
advantage to every member of the team and that the students 
will learn from and teach one another.  



We also have correlated Vermunt's resulting profiles with the 
three Nucleo roles and embedded them in the metaphor 
atmosphere (i.e. Captain of the Crew, Knowledge Integrator 
and Chief/Head of communications). The Captain is in 
charge of project planning and monitoring project progress, 
the Knowledge Integrator is in charge of supervising and 
making sure that all team members acquire the knowledge 
required, and the Chief/Head of Communications is in charge 
of managing the communication between team members and 
the tutors as well as managing conflicts among team 
members. The design of the specific responsibilities linked to 
these roles makes them inter-dependent as a means to 
encourage collaboration in pursuing a common objective, 
thus fostering group cohesion and responsibility. In this 
sense, roles appear to be most relevant when a group pursues 
a shared goal requiring a certain level of task division, 
coordination and integration of individual activities [42]. On 
the other hand, roles are used in professional life (in the 
software industry they are of key importance), so this is also 
a way of training our future engineers in what it will be their 
required professional skills.  

4.2 Nucleo’s instructional approach 

As has been said in the previous subsection, in Nucleo the 
learning process is structured according to the classical PBL 
schema. Knowledge is gained through collaboration 
procedures designed to solve ill-structured, open-ended 
problems. The difference is that problems in Nucleo are 
embedded in the game narrative (they are called missions) 
and solving them is part of the game.  

Thus, within the game context, a mission (which is really a 
complex practical case immersed in the game narrative) is an 
event in the competition to become a Paladin. It simulates a 
real risk situation which Paladins must solve in the fight 
against the enemy, and teams compete among themselves to 
obtain the best solution.   

The learning process follows a cyclical structure: 

 A course is made up of several missions determined by 
the tutor. Each mission represents a learning objective 
included in the curriculum.  

 Each mission is composed of several activities. Usually, 
the end of each activity is marked by the production of a 
certain result (usually in the form of a conceptual model 
or schema for the solution, a report, a document, etc.) 
which has to be delivered to the "Sages" for evaluation. 
The resulting products of one activity often work as the 
starting point for the next one to be performed. 

 Before starting a new mission, the teams are reviewed 
and, if necessary, re-configured. The same process is 
applied to the roles the individuals hold within the team. 
Re-configuration of the teams and re-assignation of the 
roles depend on the results obtained in the previous 

missions by means of an adaptation cycle and a user 
modelling process. Belonging to different teams and 
performing different roles enriches social interaction 
and gives the students the opportunity to see the solution 
from different perspectives. 

 At the end of each mission, the solutions are evaluated. 
In the evaluation not only the technical quality of the 
solution is considered, but also how the members of a 
team have perceived the performance of each individual 
regarding the fulfilment of his/her duties within the 
team. In order to increase the competitive atmosphere, 
individual and group rankings are published at the end 
of every mission. Also, students' avatars are rewarded 
with physical distinctions linked to their intellectual 
achievements, as social recognition seems to be a very 
powerful motivation in multi player environments [6]. 

The Nucleo system is used in combination with on-site 
classes (blended learning approach) as a way to manage 
distant interaction and collaboration among team members. 
The process starts from the delivery of each new mission. 
The students receive a notification about the new mission, 
their new team and their new role. The environment provides 
for two virtual scenarios to address the two levels of social 
interaction; the interaction among the whole class (including 
the tutor) and intra-group interaction. They both provide 
social tools (forums, notice boards, chats, file sharing, blogs 
and wikis) in order to facilitate collaboration, and the 
different roles and teams have restricted access to areas and 
services. Figure 1 shows the ship where intra-group 
interaction takes place, and the whole island. 

. 
Figure 1. Ship and island of Nucleo. 

4.3   Nucleo architecture 

 The Nucleo system is designed as the fusion of three main 
elements: a Learning Management System (LMS), a Multi-
User Virtual Environment (MUVE) and an adaptation 
module (see Figure 2). 



In the last few years, in spite of the high costs of deploying e-
learning systems, LMSes have been widely adopted as virtual 
education tools at universities and training centres. This is 
probably due to the fact that LMSes offer a series of 
significant advantages when managing an ample training 
context: they are flexible enough to allow the implementation 
of different teaching strategies; they support a very rich level 
of interaction among tutors, students and student teams; they 
allow the reuse of learning resources in the shape of 
fragments (i.e., learning objects) or even complete courses; 
they implement administrative tools able to communicate 
with other applications (i.e. ERP), and the path to 
interoperability is open. But even though most LMS 
platforms for higher education now offer multiple 
functionalities for implementing different educational 
approaches –like forums, chats, file sharing, etcetera–, it is 
quite frequent to use them exclusively as repositories of 
contents in which the subject matter is basically static 
(MSword files or PowerPoint slides) [24], their user 
interfaces are not very appealing and they offer very few 
opportunities for adaptation. On the other hand, it is also true 
that learning environments using MUVE technology, in 

which social interaction modes and contents are very rich, 
seem to be very restrictive as repositories of contents and 
almost completely inoperative when managing some typical 
processes in an integral management of learning, such as 
maintaining students' historical records or performing 
administrative tasks. The Nucleo system uses Moodle 
services, tools and contents, covered by a virtual reality 
“skin”, with direct access to its database. Figure 3 shows how 
the forum and learning activities stored and managed through 
Moodle are displayed and used through the virtual learning 
space. This means that the data generated during the learning 
process is stored directly in the centralized system, and is 
also managed in a centralized way, with all its subsequent 
benefits. We are using the Multiverse platform [28] facilities 
to generate the MUVE. 

The adaptation model in Nucleo aims at improving teams' 
efficiency, which would produce a comprehensive 
improvement in the learning process and a lighter teaching 
load for the tutor. With this objective in mind, we are using 
two combined strategies: the formation of heterogeneous 
teams and the assignment of functional roles. The groups and 
internal roles are determined by means of the student profile. 
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Figure 2. Reference architecture for the Nucleo system. 



In the construction of the student model the result of the 
Individual Learning Style (ILS) [44] is considered: a 
questionnaire filled out by the student at the beginning of the 
course, which is distributed and evaluated through the LMS, 
and is maintained through a user-modelling process that takes 
into account three different data inputs: the results obtained 
on the missions, the peer-evaluation the students get and how 
often the students make use of the system tools. The 
adaptation cycle follows the same cycle the learning strategy 
does: in every mission, teams are reconfigured, and roles are 
reassigned.  

 

5. The project development plan 

To increase the cost efficiency and optimize the educational 
value of our system, the development project follows an 
iterative incremental software process. We have designed 
four different phases in order to gradually prove different sets 
of hypotheses. Therefore, every new phase relies on the 
proven set of hypotheses from the previous one:  

 Phase 0: Documentation and research in order to define 
the pedagogical strategy and the instructional design of 
the system. This was a purely documental phase with 
zero investment in software development. It was aimed 
at researching the different pedagogical and 
technological strategies for e-learning systems in order 
to determine the instructional design of our system as it 
is presented in sections 3.1 and 3.2. In this phase the 
basic pedagogical hypotheses were also outlined as well 
as the back-story and the game narrative. 

 Phase 1: Proof of concept. This phase required minimal 
investment in software development as it made use of 
free collaborative software to support the learning 
environment (we used Google social tools). It was 
aimed at verifying the main hypothesis on which the 
system relies. The experimental results obtained in this 
phase are presented in section 5. 

 Phase 2: Proof of the effectiveness of the virtual 
scenario. The main objective of this phase is to verify 
the impact of several aspects of the 3D virtual scenario 
and the avatars on students’ motivation. In order to find 
a lower budget compatible with our defined objectives, 
we decided to use a free game engine with plenty of 

graphical resources (Multiverse [28]) and to use these 
resources in prototype construction. 

 Phase 3. Development of the beta system. In this phase 
a complete system will be developed and distributed for 
beta testing in different learning contexts. Due to its 
great requisites in development effort and investment, 
we want to assure and refine certain key functionality 
features in the previous phases.  

 

6. Case  studies 

With the aim of obtaining information about the effectiveness 
of the instructional framework we designed an experiment 
that involves three different case studies concerning 
computer programming subjects in engineering education in 
three different educational contexts: two at the university 
level and one at professional training. The two at the 
university level used the programming language C++ and 
involved over 60 and 110 students respectively; the one at 
professional training used Java and had just 15 students. All 
of them took part in a four-month learning period, although 
the students in two of the experiences had a previous period 
of four months with a standard learning approach. 

In this section we describe the three different case studies in 
the following terms. The first sub-section describes the 
common goals for all the cases. Afterwards, the case studies 
themselves are described separately, together with the results 
obtained in each study. 

Figure 3. Moodle forum and event panel 
displayed in the Nucleo environment. 

6.1 Goals of the experiment 

The main goal of the experiment is to gather information 
about the effectiveness of the instructional framework 
developed in the following terms: 

1. In order to evaluate the effect of the Nucleo approach on 
student's attitude towards study, we measure different 
issues related to student participation. 

2. In order to evaluate Nucleo efficiency, we compare the 
marks obtained in the same exams by students who have 
participated in the experiment with the ones obtained by 
students who followed a classical instructional 
approach. 

3. To measure the impact of the proposed learning 
framework on student motivation and drop-out rates, we 
compare the drop-out rates for the classical teaching 
approach with those for Nucleo. 

4. In order to verify the accuracy of Vermunt's model for 
assigning the functional roles, we measure students’ 
satisfaction with their peers, in terms of how their 
teammates perceive the fulfillment of their 
responsibilities. Team formation relies primarily on the 
assumption that there is a student with good learning 
practices who plays the role of the captain of the crew, 
and who is responsible for distributing and planning the 
teamwork. This figure is of key importance for the 
team’s performance, so we measure whether Vermunt's 
ILS really identifies strong students accurately by 



verifying if MD and AD students get better marks than 
the other profiles. 

5. We evaluate the perception that students have towards 
the effect of the framework on the development of soft 
and teamwork skills by means of a questionnaire the 
students are asked to fill out. 

 

6.2 First case study: teaching programming 
fundamentals at the Electrical Engineering 
School  

The course "Programming Fundamentals" (PF) is offered in 
the first semester as an optional subject during the second 
cycle in the Electrical Engineering School at the 
Complutense University. It is aimed at teaching some 
computer programming basics (i.e. algorithms, program 
design, coding) to electrical engineers, using C++ as the 
programming language. 

The traditional approach is structured in three hours per week 
of non-practical lecture sessions in a classroom where no 
computers are available for the students' use. Nevertheless, 
the students may optionally take another complementary 
subject called "Programming Laboratory" which consists 
exclusively of practical work with a computer on a two hour 
per week basis. At the beginning of the course, the lecturers 
highly recommend that the students take both courses in 
parallel in order to complement the theoretical and the 
practical work. Although this is a non-compulsory 
recommendation, it is usually followed by around 60% of the 
students. 

The evaluation of the students in the traditional approach 
compiles the results obtained from the final exam and class 
work. The class work takes into account the participation in 
common discussions and the marks obtained from solving 
several practical cases proposed throughout the course. These 
practical cases are usually solved individually. The exam 
makes up 60% of the final grade, while all the rest of the 
work makes up 40%. 

Academic 
year 

Students 
enrolled 

Sitting 
the  exam 

Course 
passed  

Average 
mark 
(over 10) 

2005-06  115 43 30 5,1 

2006-07  110 33 24 5,0 

Table I. Statistics about the last two years of PF courses. 

Table I shows the statistical results obtained the past two 
years in the PF course. In 2005-2006 only 26% of the 
students enrolled passed the course, and in 2006-2007 this 
rate decreased to 21%. The drop-out rates were also very 
high: 62% of the students abandoned in 2005-2006 and 70% 
did the same in 2006-2007. The teacher, the syllabus and the 
examination method were the same both years. 

In 2007-2008, the Nucleo experiment was performed in the 
PF course with 60 students. The new learning scenario was 
presented at the beginning of the course. The students were 

initially puzzled and reluctant to participate even if 
enrollment was only for volunteer students. As a result of 
this, the class was divided into two groups: around 63% 
chose the traditional learning approach while 37% 
participated in the Nucleo experiment. The Nucleo students 
were told that the results of the work done in the experiment 
would mean a 40% share of their final mark, the same as the 
class work in the traditional group. This data is reflected in 
the first column of Table II. 

Group Enrolled 
students 

Sitting the 
exam 

Drop-out over 
enrolled 

Traditional 38 13 65,79% 

Nucleo 22 20 9,09% 

Table II. Statistics of students getting to the final exam in the 
2007-08  PF course. 

The Nucleo students had only a two hour on-site session 
every two weeks and they were excused from attending the 
theoretical lectures. These sessions were aimed at 
coordinating the different groups and having a shared 
discussion about the requisites of the missions proposed. 
Contact among the members of the teams mainly happened 
through a common virtual space provided with social 
software and collaborative tools (such as document share 
facilities, post, discussion forums and blogs). We used the 
free software facilities provided by Google groups for this 
purpose. All the Nucleo participants shared a common space 
that simulated the Nucleo Training Academy. All the public 
information was published in this space and each team had its 
own private group where the teacher, i.e. the Sage, was 
invited. The goal of these coordination spaces was to boost 
the feeling of community and therefore to enhance 
collaboration within the groups, between the groups and with 
the teacher. 

The Nucleo teams were organized according to the rules 
expounded in section 3.2.2 and the team members were 
assigned a role with specific responsibilities (see section 
3.2.3). All the teams had a leader (a member of the Evian 
tribe) with a high MD punctuation according to Vermunt's 
ILS. 

The experimental course was made up of four missions. All 
the missions were highly demanding for novice 
programmers, considering that no theoretical lectures were 
given to group members. At the end of every mission, the 
groups were ranked according to the quality of the solutions 
delivered and so were the individuals in order to promote 
motivation through competition and social recognition. The 
individual rates were calculated by taking into account two 
inputs: the score obtained by the team and an individual score 
that every member obtained from their teammates’ 
evaluation. In this peer-evaluation the responsibilities for the 
fulfillment of every role were assessed. 

Table II and Table III reflect the comparative results obtained 
by students following both approaches. 



Group Pass 
exam 

Average mark 
(over 10) 

% pass over 
enrolled 

Traditional 7 4,67 18,42% 

Nucleo 13 5,73  59,09% 

Table III. Statistics of students passing the 2007-08 
of PF course. 

As explained in sections 3.2.2 and 3.2.3, students were 
categorized into three different tribes (Evians, Ruks and 
Exters) depending on the results they obtained from the 
initial learning style questionnaire. Every member had to 
perform different duties inside the team depending on the 
tribe he was assigned to. At the end of each mission, students 
were asked to evaluate their teammates, taking into account 
several issues concerning the fulfillment of their assigned 
duties. Table IV reflects the marks obtained in the final exam 
by the Nucleo participants according to the tribe they 
belonged to and the average punctuation obtained by each 
tribe according to the perception of their teammates. 

 Evians Ruks Exters 

Average 
exam mark 

6,66 5,36 5,53 

Peer-
evaluation 

9,375 7,954 8,24 

Table IV.  Final exam marks (out of 10) and peer-
evaluation results obtained by the different tribes (out of 
10). 

6.3 Second case study: teaching C++ 
programming at the Computer Science 
Engineering Faculty  

The annual course “Laboratory of Programming II” (LP2) is 
offered in the second year of the three-year Computer 
Science Engineering degree. The laboratory is held in 
conjunction with two more theoretically-oriented courses: 
“Object-Oriented Programming” and “Data Structures”. 
Thus, one of its main goals is to provide students with the 
practical knowledge related to these courses. In addition, the 
course is also oriented to providing a way of improving 
students' capabilities in terms of carrying out a complete 
development project in small teams.  

The traditional approach adopted in the LP2 course includes 
a 1-hour lecture session per week in the classroom and 2 
hours per week of supervised work in the laboratory. The 
work in the laboratory consists of several practical 
programming cases that apply the theoretical lessons. It is 
estimated that in order to pass the course, students need at 
least five additional hours per week of work on their own. 

The evaluation of students in the traditional approach 
includes a final exam and class exercises. Laboratory work is 
mandatory and makes up an additional 10% over their score 
in the final grade. 

Over the last years, this course has suffered from worrying 
drop-out rates and very low marks. Table V summarizes 

some statistics about recent courses in LP2. The data cast 
average figures of 77,33% for the drop-out rate and 5,02 on a 
scale of 0-10 for the mark of the students that attended the 
exam. It needs to be remarked that group B is the one 
preferred by students who combine their studies with a part-
time job and by those repeating the course. For this reason, 
its drop-out rate is usually higher (78,83%) and the marks 
lower than in the corresponding A group. 

Academic 
year 

Enrolled 
students 

Sitting 
the exam 

Passing 
the 
course 

Average 
mark 

2005-06 A 93 22 6 4,53 

2005-06 B 57 13 8 5,02 

2006-07 A 106 24 14 5,28 

2006-07 B 65 14 7 4,90 

Table V. Statistics about traditional LP2 courses. 

Given these facts, the lecturers of the 2007-08 course decided 
to try the Nucleo approach in both groups, offering the 
students an optional participation in the experiment. 

While in the traditional approach, students organized 
themselves into groups of two members where they chose 
their team partner and organized their own work, the Nucleo 
students were organized in groups of three students where 
roles and responsibilities were assigned by the lecturers. 

As in the previous case studies, the Nucleo groups shared a 
central coordination space (i.e. a Google group) with the 
lecturer, as well as another space dedicated to their internal 
coordination (where the Sages where also included as guest 
members). No group spaces were provided for traditional 
students (only the usual support of the Learning Management 
System provided by the University for all students and 
subjects). 

Five practical assignments were proposed to the students 
during the course (both to the traditional and to the Nucleo 
students). At the end of each of them, the students had to 
deliver the software code and its related documentation in 
order to get an evaluation from the lecturers. For the 
traditional students the mark obtained by the group was the 
same mark assigned to the individuals. The Nucleo 
individual mark was scaled by a factor that took into account 
the way their teammates evaluated the fulfillment of their 
duties in the team as performed in the previous case study. 
The rankings obtained by the teams and the individuals were 
published in the common space. 

With this setup, Table VII summarizes the results of the 
experiment at the end of the course. This table makes a 
distinction regarding the real number of students that initially 
attended classes versus the number of students that were 
officially enrolled in the course (see Table VI). It has been 
observed that some students enroll in the course but never 
attend classes at all. This can be due to several reasons: they 
enroll to complete bureaucratic requirements, find a job, or 
prefer to go directly to the final exam in September. These 
figures correspond to the “Initial drop-out”. The “Traditional 



students” and “Nucleo students” consider only those students 
that actually enroll in practice groups. 

Group Enrolled 
students 

Traditional 
students 

NUCLEO 
students 

Initial 
drop-out 

A 101 42 27 31,68% 

B 74 26 17 41,89% 

Table VI. Statistics about enrollment in the 2007-08 
course of LP2. Students attending the course are in the 
columns “Traditional students” and “Nucleo students”. 

 

Group Drop-out 
over 
enrolled 

Drop-out 
over 
attending 

Sitting the 
exam 

Passing 
the exam 

Average 
mark 

% pass over 
attending 

A 
traditional 

77,03% 59,53% 17 13 5,26 30,95% 

A Nucleo 14,81% 14,81% 23 16 5,46 59,26% 

B 
traditional 

92,73% 85,00% 4 4 6,13 15,38% 

B Nucleo 10,52% 0,00% 17 17 4,96 52,94% 

Table VII. Statistics of students passing the 2007-08 
course of LP2. 

 Evians Ruks Exters 

average exam 
mark A 

5,87 4,9 5,7 

average exam 
mark B 

5,3 4,3 5,5 

peer-evaluation A 6,9 7,4 7,1 

peer-evaluation B 9,5 8,2 7,68 

Table VIII. Final exam marks (over 10) and peer-
evaluation results obtained by the different tribes (out of 
10). 

Table VIII reflects the average figures obtained by the three 
different tribes, both in the final exam and in peer-evaluation. 

To finish, we would like to make some remarks concerning 
this case study. The first one is that we found a strong 
resistance from the students to change to the new method 
because they perceived that Nucleo would mean more 
personal effort and would make the subject more difficult to 
pass. Our first intention was to apply the Nucleo method 
without offering the possibility of following the traditional 
approach. Nevertheless, we abandoned this idea after 
receiving plenty of angry complaints, because we found that 
true commitment was significant for the success of the 
experiment. The second issue worth mentioning is the 
motivation coming from social recognition. Although in the 
traditional approach the best practices got extra points, 
students were usually not motivated to work for them. On the 
contrary, the Nucleo students competed among themselves 
just to be the best in the course, which seemed to have a 
fairly positive influence on their motivation.  

6.4 Third case study: teaching Java 
programming at a Technical School 

The third case study was carried out at an official Spanish 
Technical School, during the second year of Network and 
System Administration. During this second year the students, 
who had already acquired some programming fundamentals 
in C during their first year, learn Java language for system 
programming and study low level aspects such as threads, 
monitors (semaphores) and sockets. 

Technical School (TS) education in Spain has a different 
objective from university studies and students choosing this 
course of study show remarkable differences from those 
attending university as well. TS is conceived as more 
practical training, and the number of students per class is 
significantly lower than at the University. The average 
student is not usually conscious of the importance of active 
working. In fact, the students who typically enroll in TS have 
less initiative and a no-effort mentality. They assume that 
instructors should teach them everything without having to 
put in much of an effort themselves, and they usually feel 
frustrated if this does not happen. This means that students 
demand a lot of help from the teacher while they are solving 
their class assignments, and a lot of time is wasted while they 
are waiting for attention. 

Students in TS have more supervised classes per week than at 
the University. Specifically, the subject where the experiment 
was carried out consists of 8 hours per week and students 
usually do not work too much at home. Therefore, only 2 or 
3 of those hours are used for theoretical lectures. The rest of 
the time is used by students to solve the proposed tasks and 
exercises in class. Student interest, assignment solutions and 
work attitude make up 30 or 40% of the final mark, which it 
is obtained by means of sitting a written exam. 

Since practical aspects of the subjects are so important in TS, 
and require so many class hours, student motivation is 
crucial. It should be noted that the students have access to 
their computers throughout the class, so during the 
theoretical sessions, the teachers must fight against more 
attractive distractions such as web browsing or videogames. 
Only when they have a clear interest in the subject will they 
be able to resist these temptations; otherwise the teacher’s 
efforts are useless and the student will pay no attention to the 
explanations. 

The third case study was carried out in this context, with only 
15 students. During the first 4 months, a traditional class 
approach was used. Two or three hours were used for 
theoretical aspects of programming, and a set of exercises 
were proposed to be solved in class. Although no restrictions 
about cooperation or external help where imposed, students 
tended to get lost rather quickly and more often than not they 
just waited to copy down the teacher's solution, playing an 
absolutely passive role in their own education. Only two 
students (13%) demonstrated enough interest to work out the 
assignments. The others argued that they were too difficult 
and did not even try to solve them. It is important to notice 
that a great deal of effort was made to make exercises 
motivating by including simple games to interest them, such 



as tic-tac-toe, four in a line, Tetris and Sudoku. At the end of 
this 4-month period, six students did not attend classes 
regularly (40%), and sometimes only five students (33%) 
went to class. Finally, only four students passed the exam 
after this period, although the exam exercises were very 
similar to the assignments proposed and solved in class. 

The next four months only the Nucleo approach was used, 
giving the students no other alternative method. All students 
were categorised, and four teams were created, one with 
three members, and the others with four. The decision for this 
irregular distribution was the previous knowledge of 
attendance: to avoid faulty groups formed by absent students, 
those who did not usually go to class were assigned to the 
groups of 4 members. As in the previous case studies, the 
social software offered by Google was used as a way to 
promote cooperation and facilitate communication. 
Nevertheless, being a full-time classroom course, these tools 
were used as a document repository (including the log files 
required) instead of a way of keeping the students in contact. 

The classroom dynamics experienced an incredibly positive 
change once the Nucleo approach started. The previous 
passive attitude became active participation in every mission. 
All teams delivered the exercises on time. It is worth pointing 
out that, during the first four months, the students usually 
complained that exercises were too complex to be solved all 
alone. However, in the PBL setting proposed with Nucleo, no 
theoretical classes were given and, even so, the students 
searched for information and reached successful solutions for 
missions that were quite complex. This shows that the 
students were more involved in their own learning and 
Nucleo had a positive effect on their participation. 

Regarding class attendance, the week after Nucleo started, 
every student attended class, which was something that had 
never happened in the previous semester. Although later on 
some of the students started to miss class again, statistically 
the high rates that were common during the first four months 
were never reached again (we averaged 12 students per 
session during the second semester). This fact may be 
explained due to the social pressure of belonging to a team 
that needs you. In fact, a student who finally decided not to 
take the examination, continued going to class to take 
advantage for the next year. Given these facts, it seems clear 
that the Nucleo set improved the students' involvement, 
attitude and motivation.  

Unfortunately, motivation and participation do not always 
mean better scores. Only five students (one more than in the 
first four month period) passed the first exam, although in the 
second exam the number increased to nine. Once again, the 
difficulty of the two exams was quite similar to the missions 
proposed. 

Concerning the accuracy of Vermunt’s classification, this 
case study is quite different from the previous ones because 
the number of students was small, and we already had had 
contact with all of them for four months, eight hours per 
week. Vermunt’s test is supposed to be useful as a way to 
pseudo-automatically identify functional roles, but this is not 
needed when you already know the people to be classified. 
Despite this, we also used Vermunt’s classification in this 

case study in order to confirm our preconceived ideas, 
showing that in this case it was quite accurate (the MD 
students were in fact the strongest students with a correlation 
of 80%).  

7. Discussion and future work 

The first two case studies were conducted in similar 
conditions and contexts. The target groups were university-
level engineering students, the courses had had similar drop-
out rates and low marks over the last two years, and the 
experiment was conducted in a similar way, with some of the 
students following a traditional teaching approach and some 
voluntarily participating in the Nucleo approach. 

The conclusions that can be drawn from the experiment are 
also similar. The statistical data shows with a significant 
difference level of .95, that the drop-out levels are highly 
reduced among the participants in both experiments while the 
rate of students passing the exam rises. In the first case, 
65,8%  drop-outs in the traditional approach versus 9,1% 
obtained in the Nucleo approach, and 72,3% versus 7,04% 
for the second case (the average rate of the two groups A and 
B analyzed). Also, in the first case, 59,1% of the students 
who followed the Nucleo approach passed the exam while 
only 18,4% of the traditional set did. Similarly in the second 
case these rates are 56,1% vs 23,2%. In terms of the average 
marks obtained by the students who followed the two 
different approaches, the statistical data does not show a clear 
difference. Although the marks obtained in the Nucleo set 
were slightly higher in both case studies, there is no 
significant statistical difference because dispersion levels are 
also very high. No clear conclusions can be drawn either, in 
terms of the accuracy of Vermunt’s classification. Although 
in the first case study the Evian tribe (MD and AD students) 
obtained better marks and better peer punctuation, the 
difference was not significant. In the second case study, the 
data is even more confusing as none of the tribes obtain 
clearly higher values than the others. Nevertheless, the 
students appear to be happy with the roles assigned and the 
clear distribution of responsibilities, and found it was 
positive for completing the work. 

The third case study presented was conducted in a very 
different context, with pretty different targeted students. 
Although the experiment was less statistically rigorous, it can 
be considered more "personal". The group was less numerous 
(only 15 students participated) but the teacher had 
considerable personal contact with them. In this third case the 
participation in the Nucleo set was compulsory during the 
second semester while everybody followed the traditional 
teaching approach during the first semester. In this case, the 
teacher's perception matches up with the data of the two 
previous ones: the drop-out rates (measured in terms of class 
attendance) were significantly reduced and students’ interest 
increased (less time wasted on videogaming and browsing, 
and everybody turning in assignments on time). 
Nevertheless, only a slight difference in the rate of students 
passing the exam was observed (26,7% vs 33,3%). The 
teacher also observed that Vermunt’s classification was quite 
accurate regarding his previous conception of the students' 



attitude (he had dealt with the 15 students during a whole 
semester on an 8-hour per week basis). 

Concerning the evaluation of the improvement in the 
acquisition of soft and teamwork skills, according to the 
registered data, virtual collaborative learning tools are used 
three times more frequently, if we compare the game setting 
to the use of the previous LMS setting without any sort of 
gaming strategy behind it. Of course, this only means that 
students interacted more (which is a way of developing social 
bonds and practicing communication skills) but does not 
necessarily imply the development of soft skills. 
Nevertheless in all three cases a final questionnaire was filled 
in by the Nucleo students at the end of the experiment. This 
questionnaire sought to gauge how the experience was 
perceived by the students compared with a traditional 
learning scenario. 95% of the students found the experience 
"very positive", remarking that it helped them to acquire a 
more active attitude towards their study and that it had helped 
them to practice teamwork abilities and communication 
skills. In addition, most of them found this was a more 
motivating way of learning and, even though it had involved 
a considerably higher amount of effort than a traditional 
approach, they would repeat the experience.  

Finally, there are also some drawbacks in applying this 
method that are worth being mentioned. In the first case 
study we observed that many of the students focused mainly 
on learning the concepts that they were interested in, so their 
final acquisition of knowledge was quite irregular. They were 
experts at managing some advanced programming features, 
while they had not acquired some of the basic concepts. We 
tried to correct this problem in the next two experiments 
(cases 2 and 3) by giving basic theoretical lectures once the 
mission was solved, thus obtaining better results.  

Although cases 1 and 2 have shown the positive influence of 
the method on drop-out rates and on the number of students 
passing the final exam, it can be argued that there are many 
factors that may have influenced it besides the pedagogical 
approach. A key fact can be that the experiment was 
conducted with volunteer students, and thus it may have 
attracted the more motivated students. Also, the teacher's 
attitude might have been different and more enthusiastic with 
the new experiment setting than with the traditional scenario. 
Nevertheless, we can now provide new evidence from recent 
experiments that would contradict these hypotheses. 
Concerning the influence of the experiment attracting the 
already more motivated students, this year we are performing 
a new experiment for the subject “Fundamentals of 
Programming”. First of all, although the general tendency in 
the last five years has been a gradual decrease in the 
enrolment (and neither the teacher nor the course curriculum 
has changed during this period), this year (2008-09) 
enrolment has increased by 35%. Also, the Nucleo 
methodology has become compulsory and thus followed by 
all the students in the class. So far and with more than 75% 
of the course completed, only 9% of the students have 
withdrawn, while the average rates in previous years for the 
same period reached an average of 45%. Concerning the 
issue that the teacher's attitude may have been different in the 
two learning settings presented (traditional and Nucleo), it is 

more difficult to offer any objective measurements. Even so, 
the same teacher has been in charge of the FP course during 
the last six years and she has permanently been worried and 
concerned about improving high drop-out rates. Some other 
motivation techniques such as more practical works or plain 
PBL were applied in previous years without any significant 
results. In the last two years, she has only been involved in 
the Nucleo experiment. Over these six years, she has also 
participated in several official Spanish Innovative Programs 
for teaching and learning, and she has always obtained 
excellent results in the students' annual evaluation. 

It is very difficult to evaluate the pedagogical effectiveness 
of videogames and immersive worlds, even more if complex 
topics with real students in a pre-existing setting are 
considered (as happens in the Nucleo context) Nevertheless, 
as previously mentioned, this is a generally open issue for 
this type of systems (as confirmed by the extensive study on 
the research literature on the subject that can be found in 
[20]). 

In addition to the previous argument, the third experiment 
showed a similar tendency, even though in this case, 
participation in the experiment was compulsory. Finally, we 
have also observed that the internal organization of groups 
into students who are not close mates makes for a neat 
division of responsibilities but also leads to a certain lack of 
communication. Some students focus only on their assigned 
issues and largely ignore what their mates have done. This 
also shows that in some cases the student with the role of 
knowledge integrator did not really fulfill the duties of the 
role. 

To sum up, all three case studies where the Nucleo approach 
was applied show very promising results in terms of the 
objectives pursued, particularly in increasing the students' 
motivation, shifting their attitude towards a more active role 
and improving communication skills and teamwork 
capabilities. Nevertheless, the experiments also drew the 
conclusion that several issues should be improved and 
reviewed. Firstly, Vermunt's learning style classification 
framework for assigning functional roles in a team does not 
show enough reliability. Therefore in the next phase, we are 
considering including individual personality traits as 
proposed in [37] to improve the accuracy of the model. In 
addition, the students pointed out that they would rather 
choose the physical appearance of their avatars instead of 
being assigned to a fixed tribe. In the current experiments the 
tribe and the physical configuration were linked to the 
functional roles assigned by means of Vermunt’s 
categorization. For the next implementation, this will also be 
taken into account since students will be able to select their 
own avatars even though their responsibilities will still be 
assigned by the system. This is expected to improve the 
students’ immersion in the metaphor. Finally, concerning the 
functional roles, we will try to fix the weaknesses in the KI 
role through the inclusion of certain activities designed to 
monitor the fulfillment of this role's responsibilities. 

In the next semester the 3D world will be introduced to frame 
the instructional design and new experiments will be 
conducted in the same contexts, with the improvements that 



we have detected in Phase 1. Also, our intention is to 
determine whether it is worth it to fully develop a 3D 
scenario that contributes to the learning immersion, thus 
improving the motivation for social recognition through the 
avatar's physical change. 

Summarizing, even though we are aware of the limited scope 
of our experiment (it cannot be compared in budget or in the 
number of people that may constitute the target audience, 
with the Virtual Leader project [45], for example) we are 
convinced, based on the arguments provided, that it has 
brought a small light to a very difficult problem we have 
been facing in our software engineering schools for the last 
years. After testing our framework in three different real 
context situations, we have obtained promising results that 
induce us to think that this method may bring an overall 
benefit for our students' education, which has led us to keep 
on researching and enhancing our system. Like Galileo, we 
say, "Eppur si muove" , and yet it moves... 
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Figure 1. Ship and island of Nucleo. 

Figure 2. Reference architecture for the Nucleo system. 

Figure 3. Moodle forum and event panel displayed in the Nucleo environment. 
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