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by Pier Cesare Rivoltella
E-learning has his own history. In the Ninethies it was first introduced as a
support for distance learning processes. In those years the main variable to
consider was space: according a quite common interpretation, if one of our
evolution indicators is velocity, a clear discontinuity in it is the Internet. In fact
with the Internet we don’t need more to move ourselves in the space, but
“information arrives whitout we have to leave home” (Virilio, 2006). Quickly,
mainly in Higer Education, this idea was fostered with a new focus on sharing
and collaboration. The availability of a Learning Management System, allows us
an everywere and anytime communication, but also a deeper and more
meaningful learning experience: we learn downloading teaching materials,
discussing them with our colleagues; forums, chats, document sharing utilities
make possible this; students discover a new way for facing lessons and a easier
style for interacting with their teachers. In the middle of the last decade, social
networks changed teachers and students way of on line communication:
interaction and social participation becomes part of people informal activities,
at the same time the most used LMS features seem to be calendar and dowload
areas. This means that e-Learning presents a quite similar situation to that one
other learning environments assist to: a more and more wide gap between
formal and informal situations and learning activities. It seems that life is outside
school; and it is very difficult for teachers and educators change learning
environments so that they could be useful for learning experiences like those
ones people lives in his free time, discussing with other people, collaborating
with them, sharing ideas and contents.
If we think about this gap, we could find two main ways according to which
research and technology development try to solve the problem.
The first one consists in stressing formal elements and perspective. Universities
know that the only chance for them for teaching management and students’
learning control is LMS and CMS adoption. This means to think about two main
strategies.
The first one consists in blended solutions development: this is a marketing
strategy with which Universities, even if they remain really traditional, try to
seem modern and open to innovation. In most of these cases “blended solution”
means to provide courses with a download area, no more. The reason why could
be searched both on teachers and students side. Teachers are used to prepare
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presentations for enhancing their lessons: “Powerpoint Power” has become
really a must in this sense. On the other hand, students tend to develop a very
pragmatic way to learning: they do only what is good for them, no more than
what is strictly necessary. Donwload is one of the practices students consider
useful for them; it allows them to be sure that nothing of what teacher said in
the classroom is going to be losed.
The second strategy we talk about is to put in evidence the discontinuity between
new social practices and educational traditional ones. The debate about the
relationship bewteen University nad Society is basicly organized on two quite
different orientations. The first one think that University has to prepare people
to become professionals able to be active in their jobs; on the other hand, there
are some people criticizing this “for profit” education, preferring a different
orientation based on Culture and Citizenship (Nussbaum, 2012).
The alternative to this landscape is to try to introduce informal activities inside
LMS. In this case too, we have two main chances.
On one hand, traditional LMS are upgraded with new releases implementing 2.0
tools. In these cases LMS make available not only discussion boards, chats,
assessment tools (according what is usually done in E-learning), but also blogs,
wikies and so on, making possible that students could comment, tag and click
messages and contents posted in the on line environment.
The second chance is to transform LMS’s in Social Learning Environments. In this
case, instead of putting 2.0 tools into traditional on line environments, the whole
environment is built so that it could work as a Social Network: in the first case,
social networking is one of the features of LMS, in the second one learning
management is one of the features of the Social Network.
It is possible to make reference to a lot of studies about formal and informal
learning in Higher Education Learning Environments. Some of them are about the
utilisation of already existing social environments for formal learning: this is the
case of ELGG (Veletsianos, Navarrete, 2012), NING (Brady, K. P., Holcomb, L. B., &
Smith, B. V., 2010), or Facebook (Wang, Q., Woo, H.L., Quek, C.L. 2012). According
to Wang and colleagues (their research was held at Teachers’ training level),
Facebook can be used for teaching in three main ways: as an interactive LMS, for
fostering collaboration among students, for exploring apps that students could use
in their professional future. During this research the Facebook board was used for
information sharing and as a group calendar; each teaching session was set as an
event; finally, materials had to be uploaded on GoogleDocs and linked in Facebook.
In all these experiences, as researches show, it is possible to appreciate how using
social network environments could be possible a more active envolvemente of the
students (Webb, 2009); but on the contrary it is also possible consider social
integration and informal learning at university “is more for socialising and talking
to friends about work than for actually doing work” (Madge et alii, 2009). A second
trend inside the research is about the comparison between traditional LMS and
learning 2.0 for imaging how to develop LMS so they could be integrated with
some 2.0 functions and tools. For doing this it needs to compare what LMS don’t
have and 2.0 tools could provide them (Wilson, 2009). As we wrote above a first
strategy in this way is the implementation of 2.0 tools into traditional LMS. This

is what the main LMS producers (i.e. Blackboard, the most worldwide used LMS
in Higher Education) did: the result is a REAL (Rich Environment for Active Learning)
too complex and more tools provided than students and teachers need. A second
strategy is to develop new LMSs with a design and functions quite similar to social
network’s ones: this is the case of environments like Twieducate or Edmodo; both
of them are inspired by the most diffused and used social networks (Twitter,
Facebook) integrating in the same environments both social tools and formal ones.
Traditional LMS
Provider-centric
Complaince-driven
Formal
Programmes & Events
Structured Delivery
Controlled Content
My Learning Plan
Online
Reported
As its provided

LMS 2.0
Learner-centric
Context-driven
Informal
Content & Collaboration
Unstructured Access
User-Generated Content
My Network & Resources
Mobile
Rated
As I Want

Figure 1 – Traditional and 2.0 LMS (Source: Wilson, 2009)

Finally it’s possible to build up LMS whose design is inspired by social networks.
This is the case of Scholar, developed by Bill Cope and his staff at the Illinois
University at Urbana-Champaign: in it the emergent logic of tagging and rating
is used for promoting peer reviewing processes among students, regulating
papers publication and providing to the students itselves a first space into which
manage their professional profiles. In Italy, during last academic year (20122013), with my collaborators at the Catholic University of Milan, I developed a
little project for testing one of these Social learning Environments developed by
some researchers1 of the State University of Salerno, whose name is Live Campus.
Our experience was quite different from that of our american (and Salerno)
colleagues: students didn’t want to share their social lives and so formal and
informal activities remained almost separated.
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Pier Giuseppe Rossi

The volume is organized into two sections. The first one is dedicated to contributions on Intelligent tutoring systems and, generally, on the use of Artficial Intelligence to support learning, while the second presents articles not related to
a specific topic.
In the first section we have: (1) “ITS as a replacement for the teacher or as a
teaching support?” in which the history of ITS in the last 20 year is described
along with a solution created within the European project I-TUTOR. Then we
have the contriibution (2) “An Intelligent Agent for tutoring activities in e-Learning” in which it’s presented an Intelligent Tutor Agent called TutorBot that allow
“a natural language communication between the learner and the agent. (…) Another main aspect is the integration of TutorBot within an Adaptive Search Engine
(ASE) that makes possible to search for the answers, to be given to learners, on
external resources, for example Google”. In the third contribution (3) “A multiagent approach to online threaded discussion tutoring”, in order to assist the instructors in this task, it’s proposed a possible solution that might consist in a
technological artifact which could support the tutoring process at different levels.
The fourth contribution (4) “Combining Semantic Web and Educational Data
Mining to Improve MOOCs” is focussed on the role of Data Mining in the field of
education and, specifically, on the analysis of how DM can foster the quality of
MOOC. The last contribution (5) “Massification and personalization, the apparent
antinomy of the MOOCs”, comes back to the previous topic, the MOOC, that, according to the author, “represent an extraordinary context to validate original
personalized learning strategies. The tracking of interactions produced by massive learning communities enables the crowdsourcing and offers new features
based on models of probabilistic analysis”.
The section dedicated to the articles not related to a specific topic, but connected
to technologies, presents a contribution about the Motus project (6) “How technologies in the classroom are modifying space and time management in teachers’
experience?”. The paper analyzes how the presence of technologies in the classroom is changing the modalities with which teachers move in the space-time of
the classroom and act in it. The contribution that follows (7) “The Laboratory For
Inclusion Project (LAB-INT). Screening on learning to learn: inclusive educational
approaches to support study methods in Primary School” describes the role of
technologies and of the lab-int lab in the inclusive practices. (8) “The Neurodi-

9
© Pensa MultiMedia Editore srl
ISSN 2037-0830 (print)
ISSN 2037-0849 (on line)

Università di Macerata - Italy

10

dactic. Mind and body between Pedagogy and Neurosciences” represents “an
interesting contribution of neurosciences to the recent studies in the field of education through which, today, we know that the brain makes the reality of the
past and weaves a tapestry that combines feelings, information and experiences”.
Finally (9) “Transmedia Digital Storytelling to Match Students’ Cognitive Styles
in Special Education” presents the digital storytelling, that is the narration supported by new technologies and distributed across different multimedia platforms end could be a possible “simplex” didactic methodology.
The overview on the topic of ITS shows a sector which is deeply evolving and of
great interest. Maybe it could be proper to speak about AI supporting learning,
rather than about classical ITS, since many of the contributions present models
and artifacts that seem to provide teachers and tutors with a support in their action. In the same way, even if addressing different topics, the second section of
the volume shows the more and more pervasivity of technologies that modify
postures and modalities run by the teacher in the didactical daily routines. Anyway, the analysis of the relations between teacher and students are present both
in the first and in the second section of the volume and this aspect underlines
how, today, the attention to technologies has overcome the student centered
approach that has characterized the last years didactics. The educational relation,
the interaction teaching/learning and the didactical mediation propose themselves as central themes.
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abstract

The analysis of Intelligent Tutoring Systems over the last 20 years has moved on
from seeking solutions in which the project design was closely linked to a knowledge
of the discipline, to solutions that were more and more focused on emotional factors, on ill-defined problems and domain and, last but not least, on aspects connected to the sustainability of teaching. Equally, if the one-to-one model, typical of
the tutor in a classic teaching situation, was initially seen as the reference, the class
today is seen more and more not just as a more economical solution, but as a device
offering advantages also from an educational point of view. Two further aspects
have entered the pedagogical debate and are influencing the project design: a
greater attention to the dialectic between teaching and learning, and to in-itinere
regulation. Shulman (1987) and the movement promoted by him, teacher thinking,
have highlighted the importance of teachers’ thought and have shown how teaching
does not derive from learning in a deterministic way. On the other hand research
in a Francophone context on practical analysis has underlined how many teachers’
decisions made in itinere cannot be defined during the project design, but may depend on the evolution of the system and on the structural coupling (Varela, 1996;
Begg, 2002; Proulx, 2008) between subject and environment, or rather, in the case
of education, between teacher, student and class. What guidance can we draw from
this for ITSs? Within the perspective described above, the paper analyses the plugin made in the European project I-TUTOR to support the work of teachers and to
foster student’s learning. The plug-in are objects where the presence of the component of artificial intelligence are highlighted. Finally, the first data gathered from
the pilot project are also provided.
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1. ITSs in the 1990s
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The history of ITSs started in the 1960s and their evolution went hand-in-hand
with that of learning machines and with research into artificial intelligence. In
the 1980s there were significant contributions from J. Brown (1982), who first
introduced the term ITS, and E. Wenger (1987). In the 1990s many of the products still used today were designed. K. Van Lehn made an important contribution
with the creation of ANDES, an ITS dedicated to the learning of classical physics
(Schulze, 2000). The characteristics and aims of ANDES are common to many of
the ITSs worked out in those years. ANDES, still used today in various American
colleges and universities, allows the student to acquire the basic elements of
classical physics. Its platform is very wide since it includes all those students in
the bridging years between high school and college. Worked out on the basis of
the cognitive, rule-based model1 it offers the student problems and comments
step by step on the student’s activities. If the student is in difficulty, it formulates
questions to set him/her on the right track or provides suggestions. The student
can insert graphics and algorithms, explaining his/her choices, he/ she can dialogue with the system, ask questions and request help. The ITS structure is complex and requires a long time to create.
Many of the characteristics that have favoured the success of ANDES are typical
of the ITSs at the present time: a well-defined and structured domain, problems
with a solution known to the person setting them, and a wide platform of recipients that is stable over time. There are therefore a large number of recipients –
students who have yet to enter college or who attend the first years of college and
who have to acquire basic knowledge. The presence of a very wide target guarantees a return on the investment, which is necessarily high for creating the device.
There are some ITSs, similar to ANDES, constructed for other domains. These include Cognitive tutor (Algebra), Wayang (Mathematics), Project Listen (Reading),
ASSISTments (Mathematics), Crystal Island (Microbiology), BILAT, Interview (A
Military Simulation), and Helicopter Pilot.

2. Advantages and limits in the “well-defined” approach

The strength of ANDES and of similar ITSs is also their weakness, since the complexity and the ability to incorporate a wide domain of knowledge have the following corresponding features: (1) the large amount of work to elaborate the
products, (2) the one-to-one link between ITS and a specific domain (ITSs are
1

“The rule-based (RB) model is set on rules that should be followed by the student step by step
during the development of the problem. Each action receive a feedback according to the correct
modality/ies to execute the task itself, modalities that must be all foreseen, and in the same way
possible errors must be foreseen. The model is thus used in the solution of problems that can
be structured in well-defined steps provided that those steps also allow solutions to be easily
identifiable and verifiable.” (Paviotti et al., 2012)
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very rigid) and (3) the structuring of activities around a well-defined problem.
By well-defined problems we mean problems in which the choice of the solving
process is implicit in the task. Domain and well-defined problems are not connected on a one-to-one basis. Also in well-defined domains (for example, classical
physics) it is possible to construct problems that require the students to elaborate
heuristic characteristics – ones that can be solved correctly by following different
paths, some of which may not have been foreseen by the person setting the
problem. However, there are also ill-defined domains and in this case it seems
simpler to attribute ill-defined tasks. One might think of law (for example, the
preparation of a defence in a court-case). One of the first ITSs in the ill-defined
category – CATO [Aleven] – was elaborated for this sector.
The ITSs of the ANDES generation have had a lot of success and there is documented research that has proved the advantages in the learning of students who
have used the artifacts described, compared with classes that used traditional
methods […].
Certain problems have emerged, however, linked to the following:
– the time and the expenditure required for creating them;
– the difficulty of reusing in other domains objects from an ITS that is strongly
rooted in a specific discipline domain; reusing them could enable the resources needed for implementation to be reduced;
– the type of skills and abilities acquired.
The first and second of these problems have been explored by Van Lehn, who
tried to use the ANDES objects in a domain, statistics, different from the one for
which ANDES was constructed. He has described in various works the advantages
and the difficulties encountered in this process (Chi, VanLehn, 2007; Van Lehn,
Chi, 2007b).
More generally, various strategies have been worked out to reduce the work
needed to construct an ITS (Aleven et al., 2009). We would mention, for example,
the use of the constraint model2 instead of the rule model and the use of author-systems, for example CTAT (Aleven et al., 2009), which allows even those
who do not have suitable IT tools to construct ITSs by recording, step by step,
the paths created, both correct and incorrect.
The third problem, which relates to the types of skills and abilities promoted by
working with classic ITSs, has caused two further issues to emerge: (1) What are
the problems underlying students’ difficulties? What is the range of skills that a
student should acquire as necessary in the modern world? Are they all promoted
by ITSs based on the solving of well-defined problems?
Two paths, essentially, have been explored to find answers to these questions.
The first one focuses on problems the students meet in learning, many of which
2

A cognitive model used frequently in ITSs is the constraint-based model (Mitrovic and Martin,
2007; Mitrovic and Weerasinghe, 2009). “Whereas rule-based models capture the knowledge
involved in generating solutions step-by-step, constraint-based models express the requirements
that all solutions should satisfy”. (Aleven et al., 2009, 34). Constraint-based modelling (CBM)
“consists of specifying sets of constraints on what is a correct behavior or solution rather than
to provide an explicit task model. When the learner violates a constraint during a task, the CBM
Tutor diagnoses that an error has been made and provides help to the learner regarding the violated constraint.” [Nkambou et al., 2010, 86].
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are connected to their motivation, self-confidence, method of study and attention span (and therefore not dependent on the discipline);
The second concerns strategic skills whose development may be promoted by
working on ill-defined problems and domains. Ill-defined problems require the
student to have skills and abilities that are different from those required by welldefined problems (for example, the skills linked to problem posing, to decisionmaking, and to the ability to standardize a situation).
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3. Paths explored after 2000

From 2000 onwards, designers’ attention therefore moved on to emotional aspects and methods of interaction. Attention to emotional aspects led, on the
one hand, to examining the facial reactions and the eye-tracking of students performing a task and, on the other, to developing agents expert in communication
and functional in motivating, by supporting, for example, digital tutors with different characteristics. At the same time, studies focused on meta-cognitive components and on self-regulated learning.
A broad line of research also opened up on ill-defined domains and problems.
Lynch, Ashley, Aleven and Pinkwart (2006) have highlighted how strategies in the
well-defined sector are different from those used in the ill-defined one and have
suggested some guidelines for constructing ITSs in ill-defined problems, such as:
– the use of weak methods in which the models function as “a guide but do
not require strict adherence to its contents”;
– the use of processes and supports in which “in general, any decision support
system could qualify as a discovery support model so long as it helped the
users better understand the domain and did not supplant their own actions”.
The following belong to this category: (1) the Discovery Support systems that
“operate by providing the user with support as they work on a task in an unconstrained domain”; (2) model explorations, and (3) model building;
– the use of case-studies. The authors mention, for example, how this kind of
strategy is at the basis of CATO, the ITS mentioned above, used in training
law students;
– peer collaboration. “Existing collaborative ITSs have provided this support either by casting the system as collaborator, or by using the system to facilitate
interactions among human peers” (Lynch et al, 2006).
As Conati (2009) emphasizes, each ITS has 4 main components: pedagogical model,
student model, domain model, communication knowledge. “It should be noted
that not all ITS include the four components mentioned above, and that each component can be present at various levels of sophistication” (Conati, 2009). If, in the
ITSs based on well-defined problems the domain model has a privileged role, in
ITSs based on ill-defined problems the pedagogical aspects have a greater space
and the feedbacks place more attention on meta-cognitive processes – a support
that “does not require a detailed model of domain expertise” (Conati, 2009).
In 2011 Joshua Underwood and Rosemary Luckin, of The London Knowledge Lab,
drew up the report “What is AIED and why does Education need it?” which aimed
at capturing the changes in the ITS sector from 2000 to 2011 (Underwood and
Luckin, 2011; Underwood and Luckin, 2011b).
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From the report we can deduce the asymptotic process between research in the Artificial Intelligence for Education sector and that in the Education sector (Table 1).
Before

After

•

Support for 1-to-1 learning

•

•

Support for learning in tightly defined

•

Support for personal, collaborative and
social learning

domains and educational contexts

Support for open-ended learning in illdefined domains across varied physical and
social cultural settings and throughout the
lifetime

•

Support for knowledge acquisition

•

Support for knowledge construction, skills
acquisition and meta-cognitive, motivational
and affective support

•

Small-scale systems and laboratory

•

evaluations
•

Focused analysis of relatively small

Large-scale deployments, evaluations in real
settings and learning analytics

•

quantities of experimental data

Discovery and learning from educational
data mining of large amounts of data
captured from real use

•

Constrictive technologies and Interfaces

•

•

Designing educational software

•

Accessible, ubiquitous, wireless, mobile,
tangible and distributed interfaces
Designing technology-enhanced learning
experiences

Table 1 - Movements in focus of AIED research 2000-2010 (Underwood and Luckin, 2011)

4. Teaching sustainability

A careful reading of the table highlights an obvious theme that is present at various points and lies almost right at the bottom of it: the role of the teacher. A
deterministic vision of the relationship between teaching and learning is often
present in classic ITSs, and reference to the centrality of the student is connected
to this. Many studies over the past 30 years have shown how teaching requires
the student’s active participation and therefore does not derive mechanically
from the teacher’s activity (as instructivist proposals would want), but they have
also shown how this autonomous activity can be promoted by the scaffolding
role of the expert (Vigotski) and by devices put in place by the teacher. Moreover
teaching does not have the student as its sole reference since it is based on
processes of mediation between scholarly knowledge and the student. If attention to learning has, rightly, allowed instructionist approaches to be superseded,
having the centrality of the student as sole reference may hide either an obvious
fact (the aim of school is in any case learning), or a demagogic approach (undervaluing the teacher-student-knowledge triangle and the asymmetry between
teacher and student). Many of the operational models, suggested by the adaptive approach and by personalization, take into account this view. Equally, certain
research, for example that of Ploetzner (2011), highlight the centrality of the mediation of the teacher.
Another element that has been widely investigated, especially in French research, is in-itinere regulation (Vinatier and Altet, 2008). The dialogue between
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a project and an act, and the teacher’s ability/need to reorganize in itinere his
or her own project, do not always spring from a lack in the design.
Still in relation to in-itinere regulation, a further aspect must be highlighted.
While providing, in the design stage, for alternative directions that a problemsolving path might follow, there is nevertheless a point of view at the basis of
the various tracks. It identifies a field, in the Gestalt sense – a phenomenic space
that starts from certain presuppositions and from a shared language. The student’s difficulties very often arise from not being inside this point of view and
this determines why he or she does not empathise with the teacher and with
the path, not because of the difficulties connected with the specific theme. The
student’s distance depends on his/her history and on his/her experiences and
varies from case to case. It cannot be predicted.
Thanks to in-itinere regulation the teacher often perceives the missing links and
the obstructions and manages to carry out those changes, even minimal ones, that
are necessary so that the proposed activity has “a meaning” for the student. It is
not surprising, as Graesser already highlighted in the 1990s, that the more prepared students, those in tune with the teacher’s logic, those who know how to
ask “the right questions”, benefit most from classic tutoring (Graesser et al., 1995).
One final observation relates to sustainability. Many courses, even university ones,
are organized by the teacher in a short period of time preceding the start of the
course, during which he/she creates a broad-based design that he/she will then develop during the course. Then, each year, the courses are partly modified and although similar contents are repeated, changes are made because of research carried
out. This operational mode does not fit in easily with the classic ITS types.
Does it make sense to organize “intelligent” tutoring in a situation that provides
for in-itinere regulation, where a limited time is allotted to the course design,
and in which the teacher modifies his/her own course each year?

5. A project proposal

There are two motivations spurring us on to give a positive response:
– it is now the practice to structure courses, both in universities and in schools,
by setting up different devices, structured and synergic, and even face-to-face
courses make use of online activities and learning environments. It is not always easy, however, for the teacher to create environments that are not simply
repositories or spaces of information. If one wants to perform more complex
activities, the problem of sustainability arises, meaning that the teacher’s work
increases and he/she does not always have the necessary time;
– in online courses the tutors’ work is wide-ranging and differentiated and we
move from routine activities (reminding students of due dates and replying
to requests of a bureaucratic nature) to supporting the various students with
personalized actions;
– online environments, both in face-to-face and distance learning courses, allow an amount of data on students’ behaviour to be collected, but this mass
of information is not always manageable and usable by the teacher and by
the student. The data is there, but for it to be used, it must be elaborated
and analyzed.
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The I-Tutor, for intelligent tutoring of online courses, was born out of these considerations. Financed by the European Union, its aim is to construct artifacts that
will support the work of physical tutors, in some cases interacting directly with the
student, and in others supplying representations or sending notifications to the
tutor and to the student to highlight critical situations or to suggest perspectives
for intervention. In particular, the activities carried out by plug-ins are as follows:

1. mapping the concepts present in the environment writings. A second plug-in
constructs a two-dimensional map of the main themes dealt with in the course.
The words are distributed on the map according to a logical proximity logic, always deduced from the text and the position of the concepts on the map suggests the relationship between these. Identification of the concepts emerges
from the automatic analysis carried out with statistical algorithms of the texts
present in the environment and of a database hidden to the students and prepared by the teacher. In addition, the map has a depth, meaning that it is structured in four levels. By clicking on each area of the map, that is, on a keyword,
the keywords connected to it that specify its territory emerge, going deeper and
deeper and analyzing the various aspects of the concept. The fourth level, on
the other hand, enables you to read directly the texts relating to the conceptual
space of the relative area. The map (Fig. 1) is intended both for the student and
for the teacher/tutor.
Using the map, the student can go through the themes of the course with a different perspective from that of the curriculum and going over them again and
again can suggest relationships between concepts.
The teacher/tutor, on the other hand, can check, from reading the map, the completeness of the course that has been designed.
As well as the general map of the course, the plug-in creates a personalized map
of each individual student. The areas where students’ productions may be located are coloured on the general map, so that the way in which his/her writings
are distributed can be viewed.

Figure 1. Conceptual Map
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2. analyzing the tracking data with Education Data Mining techniques, to compare the behaviour of the individual with that of the class. As previously stated,
a lot of data is supplied by an LMS tracking system but it is not always usable and
does not always supply information, if it is not compared with reference values.
In the project we decided to analyze tracking data relating to 22 variables. The
system calculates 4 clusters for each variable, which contain groups of students
with similar characteristics in relation to the variable analyzed. The highlighted
clusters become references for the student (which cluster they belong to) and
for the teacher/tutor who can thus understand the structure of the class and the
positioning of each student (Fig. 2). Multiple displays of the graphics are shown.
There is an overall view (the position of the various intervals, their minimum,
maximum and median value, and the number of students associated to each
cluster), a timed view to see how the class evolves in relation to the specific variable, and a radar-type graph display allowing many variables of the same student
to be associated in one single view, and linking them. If the system highlights behaviours that are lower or higher than defined targets it sends an alert to the
teacher and, in some cases, to the student.
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3. automatically sending to the student explanations and instructions about routine aspects. The plug-in analyzes the student’s question and searches in the environment for the answer. From the analysis of student-tutor interactions in 8
Master’s courses, with over 700 students, activated by the University of Macerata
between 2008 and 2011, it emerged that 58% of requests to the tutor are related
to information already present in the environment. Inserting faqs does not solve
the problem since the student “does not trust the machine” and wants direct information. Therefore a system that sends the student personalized replies may
reduce the tutor’s workload so that he/she can dedicate his/her time to tutorial
activities of more importance to the learning path.

The plug-ins comply with the following constraints:
– they do not require intervention from the teacher during the project, nor do
they require an activity linked to the domain, but they operate automatically
and with a content-free logic;
– they supply updated information in real time and therefore follow dynamically the course as it evolves, thus responding to the in-itinere regulation requirement;
– for textual analysis, they do not use semantic tools, but only statistical ones.
In this way one is not linked to specific languages and the plug-ins can be
adapted for the European context where there is a wide fragmentation of
languages. Initial piloting was carried out in Italy, Greece and Hungary, and
therefore not just with three different languages, but also with two types of
alphabets;
– they operate with non-proprietary environments, but ones that are widespread in schools and universities and are therefore already familiar to teachers and tutors. It is not surprising that the prepared plug-ins operate in
Moodle (although in future they may be prepared so that they can dialogue
with different LMSs).
Clearly, the flexibility of the system, which is not limited either by the domain nor
by the type of students, makes the response supplied more “generic” and it is precisely for this reason that its use is envisaged as a support and not as a replacement
for the tutor. In the end it is the teacher/tutor or the student who decides how to
use the suggestions and the displays that come from the intelligent system.

Conclusion

Research in the sector straddling Education and AI over recent decades has supplied some interesting input for research in the two sectors. Equally, EDM has
contributed not only with operational tools, but by operationalizing the various
processes, it has allowed theoretical aspects to be studied in more depth and
opened up new work and research prospects (Romero and Ventura, 2010). The
point of view which researchers in the United States and Canada have started
from has always been slightly different from the European standpoint where less
homogeneity in curricula, greater linguistic fragmentation and greater attention
to pedagogical-teaching aspects have created smaller spaces for developing ITSs
linked to specific domains.
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Over the past few years the greater integration of AI sector research with educational aims, as J. Underwood and R. Luckin (2011) remind us, is favouring new
directions and new approaches in constructing intelligent supports for education.
If, at first, research was aimed at constructing artifacts dedicated to specific disciplinary domains and at supporting students in solving well-defined problems,
since 2000 research projects have shifted their interest onto emotional and motivational aspects and onto self-regulated learning, on the one hand, and onto
ill-defined domains and problems, on the other. A further step is to understand
whether the intelligent applications for education can also take into account initinere regulation and teaching sustainability. Constructing applications that require very little initial work for the teacher, that supply the elements for in-itinere
regulation, that operate with widespread environments and can be used in different domains, is a further prospect for research in the sector.
Clearly, the role of the artifact is changing, as are the teaching interaction characteristics that are created in its use. If a classic ITS replaced the teacher and the
interaction was student-machine, the intelligent plug-ins that supply modellings
of the path and of class and student behaviours, described in the contribution,
are mediators between teacher and student; they promote a reification of the
interaction itself, with the representations displayed, and they support, and do
not replace, tutor and teacher in the teaching activity.
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abstract

Giving that to design an efficient e-learning environment, in addition to contents
and technological infrastructure, it is necessary to focus on tutoring strategies; in
this paper the analysis focus on the use of intelligent agents to support e-tutor
activities. The idea is to allow on line tutoring activities, flexible and available 24
hours 24, through the use of an Intelligent Tutor Agent that permit a natural
language communication between the learner and the agent. In particular, it is
described an open source software, still in its developing phase, called TutorBot,
that can be integrated in any e-elarning platform. The learner, in his own natural
language, “converse” with the agent to retrieve educational contents and to be
helped, just as it happend within real context when we interact with human
tutors. Another main aspect is the integration of TutorBot within an Adaptive
Search Engine (ASE) that makes possible to search for the answers, to be given to
learners, on external resources, for example Google. Thanks to these adaptive
features, ASE allows to customize the contents according to the user profile. In
order to asses the effectiveness of the intelligent agent it was carried on a study
on a sample of university students aimed to detect the strong or weak points of
the system and its overall satisfaction.

25

Introduction

26

It is clear that nowadays the educational activity it is subjected to several transformation because of the massive presence of IT within daily social and professional routine, including the different ways of CMC, that is a technical and cultural
tool that works as a filter between face to face communication and distance communication, overthrowing space/time dimensions.
The evolution and spread of currently technologies critically contributed to the
experimentation and to the theoretical and practical arrangement of new educational models, not only within typical formal environments (Schools and universities) but also within Companies and Public Administration, where it is
necessary a continuous and permanent updating (life-long learning).
So it triggers a virtuous circle where technological innovation favor the rising of
new educational models and, since the evolve, require further technological improvements (Rivoltella, 2003). ITC potentiality completely changed the way educational contents are delivered, thereby also changing the process students use
to acquire and manage knowledge (Knowledge Management – KM), according
to the new model of complex society, focused on information (Information society) (Baldi, 2001) and on knowledge (Knowledge society).
Within this scenario the same meaning of education must be revised according
both to technological development and socio-constructivist orientation models
(Galliani, 2004), so that the “technology” does not prevail on pedagogical values
of education, but must be considered one of the tools that can allow the achievement of educational objectives (Calvani, 2004). It is perfectly clear that within
the current knowledge and complex society, education cannot be bounded to
mere information and contents transmission but needs to give students methods
and tools in order to promote cognitive autonomy and flexibility (Piu, 2006); the
key word of this prospective are “teaching to learn” and “learning to learn”. Technologies are requested to support such new needs. The teacher role undertakes
new features, very different form the past. The latest need to be revised according to role and function of the tutor: teachers and tutors became facilitators, mediators and didactics managers, not only knowledge and information suppliers.
Starting from these premises, in order to better meet the demands and requirements set above, more and more use of online learning environments is made
or, even better, of typical e-Learning tools. Overtime, the e-Learning has taken
several features that should not be considered only as a new way of distance
content delivery, but also as innovative tools that enable and stimulate the
achievement of high level of engagement and interaction among the actors of
the teaching-learning process, in which come together pedagogical and IT skills
(Falcinelli, 2005). All that allows to put the learner in the center of the teachinglearning process, giving him an active and responsible role and, moreover, a set
of tools to develop basic logical skills, to improve memory, knowledge and to
self-evaluate what he acquired.
Within e-Learning processes, among the different resources used, particular attention must be given to the human element, that is central to the educational
activity, and also to supporting technological devices and activities in order to
grant high qualitative levels that enables the triggering of social and collaborative
learning forms (Calvani, 2005). From this point of view, it is the new approaches
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to the use of the web that, according to them, enable the use of simple tools
and social software. Thanks to these and to the possibility of acquiring information within informal contexts and thanks to the shared use and construction of
knowledge, it is started a new teaching-learning model: the second generation
e-Learning (or 2.0) (Bonaiuti, 2007), where technologies are more and more considered as “Educational Communication Technologies” (Galliani et al., 2000; Galliani, 2009; De Pietro, 2008). e-Learning 2.0 represents the distance learning of
the “digital generation” (Celentano & Colazzo, 2008); its main features are of enabling high levels of spontaneity and informality and of placing learners in the
middle of the learning process, more and more participative, collaborative ad
interactive.
From this point of view, an e-Learning system is defined as a specific informative
system web based, known as WIS (Web based Information System) (De Pietro,
2009; Shouhong, 2001; Kambil & Ginsburg, 1998), that allows to classify, memorize, manage and distribute educational contents, where synergy between human
resources and technologies is fundamental and peculiar: in this case it is known
as WIS-Learning. As has become evident through the time, e-Learning has changed
its properties, moving from simple system of distance delivery of educational content to a system that enables both learners and Team teaching (teachers and tutors) to achieve high levels of engagement and interaction and to have new devices
to manage learning objects and to monitor and assist the learning process, hence
the new paradigm used today, WIS-Learning (De Pietro, 2009).
In line with what has just been stated and while paying considerable attention
to the optimal management of knowledge within an e-Learning platform, for
some years now, the interests and the studies of the scientific community have
been oriented to the analysis and the implementation of IT tools that aim both
to managing and presenting knowledge (Knowledge Management) and to support online tutoring. In particular, as regards the latter, are more and more used
intelligent agents to implement applications that enable a continuous and constant interaction between the technological system (the platform used) and the
users of the system itself.
The aim of this work is to deal with the role and the function of the tutor within
e-Learning contexts and to present technological and innovative solutions to support online tutoring activity. After introducing the main features of the tutor
(functions, roles and skills), it will be analyzed the problems and the criticality of
using artificial intelligence to support tutorinc activity (Russel & Norvig, 2003).
Considering that in the last two decades the scientific research has benne focused mainly on the use of Intellinget Tutoring Systems (ITS1) within e-Learning
contexts and generally within web based learning environments, it is aimed in
this work to highlight not only the technical and IT aspects to develop Intelligent

1

An Intelligent Tutoring System is a software system, based on techniques of Artificial Intelligence;
it is realized to satisfy the necessity of an assistance to the specialized learning and individualized
one, that is a student - a teacher / tutor type or interaction one-to-one. The ITS, in practice, develops the function of a ‘human’ teacher and is able to personalize the learning of the learner
on the basis of his/her interests, of his/her knowledge, of the abilities and the errors that he/she
makes (De Pietro, 2009).
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Agents software but, above all, how they allow the protection of educational
and pedagogical aspects, within the e-Learning platforms, of teaching-learning
processes. For this reason it is described an intelligent system, called TutorBot,
that can be used as a support tool for web learning tutoring activities. Tutorbot,
that was realized by our research team (GRIAD2) and still in its testing phase,
uses the AIML (Artificial Intelligence Markup Language) language to structure
data, can be used as an interface between learner and knowledge base within
an e-Learning platform. The learner, with his natural language, “talks” with the
agent to execute a retrieving of educational contents and to be assisted, just how
it is in real contexts with a human being.

1. The role and the function of the e-tutor within online education processes

An e-Learning system, as defined above, according to the WIS paradigm, it is
mainly based on human and technological resources. Among the human resources in this web learning environment much attention must be given to the
role of the tutor, or even better e-tutor, since most of the time the efficiency of
the all teaching-learning process relies on him, especially on qualitative point of
view (Piu et al., 2006). In this context it will not be deepened the figure of the etutor, but it will be highlighted his main functions, role and skills. This is important
to understand o what extent technology, specifically an Intelligent Agent, can
contribute to support tutoring activities, evaluating wisely in which functions
and conditions under which an agent can act as a supporter and never as a human being substitute. The tutor in a web-based learning environment is responsible for coordinating, supporting, learning guiding, stimulating and triggering
more and more engaging forms of interaction among learners. The tutor, according to the socio-educational constructivism and collaborative learning, has to
trigger an adequate climate to enable team work and to negotiate knowledge;
he is a teaching-learning mediator and facilitator.
The e-tutor, in virtue of the main functions which performs, can be named differently (Calvani & Rotta, 1999): Tutor instructor; Tutor facilitator; Tutor moderator.
From this different types of tutors it is possible to understand the many skills
that he needs to have; some of them are aimed to contents, in this case the
tutor must be competent in the subjects he is involved with; some are related
to the web learning environment and so his aim is to assist learners within the
familiarization process with the environment; some other relate to communication processes and learning methods; others are psychological, managerial,
evaluation, etc. Moreover, within really populous contexts (e.g. in academic
and post-academic contexts) and with a huge quantity of contents, it is required
to the e-tutor more time flexibility; for this reason, to support and optimize
those tasks, it is possible to delegate automatic and repetitive functions to In?
2

GRIAD - Gruppo di Ricerca per l’Informatica Applicata alla Didattica, Scientific Director Prof. Orlando De Pietro, Department of Humanistic Studies, University of Calabria.
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telligent Tutoring Agents (ITA). ITA belongs to the category of Intelligent Tutoring Systems.
So, it is necessary to understand in which task it can be more useful to use an
ITA instead on a human tutor. In this regard, after highlighting the technical feature of an ITA, will be described its perspectives in education and its pedagogical
implications.

2. Artificial Intelligence and Intelligent Agents for tutoring in Education

To design an intelligent agent for tutoring we need to refer to Artificial Intelligence3 (AI) tools and methods; AI is a scientific field that is at the base of IT applications to simulate human behavior. In this regard, it can be briefly stated that
when we refer to AI we should know that it is a discipline that brings together
elements related to reasoning, perception, learning, acting but also mathematical functions such as probabilities, logic, and the use of digital-electronic devices,
computer systems, robots, etc.. AI, according to the interdisciplinary field of cognitive science, investigates the problems inherent the simulation of human mind,
that is, the possibility to make a robot perform some typical human functions
and reasoning. In its mere IT aspect, it concerns the theory and the practice of
the development of algorithms that make machines able to show an “intelligent”
activity, for this reason the building block that forms the basic structure is a special software called intelligent agent.
Regarding AI applications within our scientific field, it is necessary to highlight
that at the end of the 80s IT pedagogies’ started to understand the advantages
of AI for education. This is when the first Intelligent Agents were born, information retrieving oriented, they were able to interact with educational multiple
database on the Internet; we start talking about adaptive agents, able to adapt
to the learner needs and give him material that was more suitable for his learning
profile; but also collaborative learning agents, that were able to monitor and
stimulate the interaction between the learner and the tutor/teacher, but also
with peers or other multimedia support (McRoy et al., 2006). But, above all, attention is given to agents oriented tutoring, called Intelligent Tutoring Agent (ITA),
belonging to the category of Intelligent Tutoring Systems, which allow us to interact with learners in order to provide all the clarifications about the content
organization and management of training activities. As regards the architecture
of an ITA, is constituted by a technological infrastructure (hardware/software)
that must include: a knowledge base, an adaptive search engine, an educational
module.

3

The term Artificial Intelligence is being used for the first time in 1956 by John McCarthy, a researcher at MIT (Massachusetts Institute of Technology, USA), during a study conference held at
Dartmouth College (New Hampshire, USA).
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In the category of ITA there is TutorBot, a software agent that supports online
tutoring activities. Please note that this is still to be completed and has been experienced in the course of “e-Learning”, at the Faculty of Humanities4 of the University of Calabria, Italy.
TutorBot is an intelligent agent that, by using the AIML language (Artificial Intelligence Markup Language) for structuring data (Thomas, 2001; Wallace, 2007),
can be used as an interface between the learner and the knowledge base within
an e-Learning platform (see Figure 1). The use of TutorBot in an e-Learning environment promotes a teaching-learning model collaborative oriented that
“adapts” itself to the learner cultural profile, central element of this process,
showing him, through an adaptive search engine, information pertaining to the
logical context of his interest.
The learner, in his natural language, interacts with the intelligent agent to perform the retrieving of educational content and at the same time to receive “assistance”, just as you would do with a human tutor during a chat session (Ali et
al., 2001; Descamps et al., 2001). Note that, thanks to the structure AIML, it is
also possible to manage media content and not only in text format, thus making
more effective the whole process of learning. In addition, TutorBot can interact
with other information systems on the Web (Pirrone & Cannella, 2008) in order
to expand their knowledge base and encourage the creation of virtual communities more and more extensive that contribute to the sharing of knowledge (Midoro, 2006; De Pietro, 2012).
Another peculiar aspect of TutorBot is related to the update of its knowledge base, in fact if any question asked by the learner cannot be satisfied, because it is
not in the knowledge base questioned, generally that of the e-Learning system
you are using (see WIS-Learning), this is automatically sent to the teacher by email. Once the response by the expert (lecturer or tutor) is provided we realize
a dual situation: it is satisfied the individual and personalized learning of the applicant and (Baldacci, 2005), at the same time, the response is stored in the knowledge base of Tutorbot that is fed with the contribution of the expert. The
purpose of TutorBot is therefore to minimize the activities carried out by humans,
in our case by the tutors in an e-Learning platform, with the advantage of also
being always available (Chen et al., 2002).

4

Now changed in Department of Humanistic Studies.
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Figure 1. TutorBot integrated in a web-portal

4. The Interface

TutorBot, that can be integrated in any e-Learning platform, is introduced with a
very simple interface, that the student uses during the interactive phases with the
intelligent agent and through which he/she submits his/her own query in natural
language; this latter is carried out by TutorBot, after appropriate operation analysis
on the input (lexical reduction) by means of a software module5 (Kawai et al.,
2011). The Query can be in whatever form, that is it can explicitly refer to the information requirement relating to the knowledge base or it can be a conversation
between the student and the robot. In the following Figure 2, the interface of TutorBot, that can be implemented in any e-Learning platform, is illustrated.

Figure 2. Interface of TutorBot
5

For an in depth study see Author et al. (2005)
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As it can be noticed by the interface represented in the Figure 2, the learner directly formulates his/her own question using a simple text-box, and the answer
is given by TutorBot inside a special area destined to such purpose. In fact, the
simplicity of the interface and the interaction that develops during the phases
of dialogue, both set the aim of simulating at best the process of tutoring on
line, just as if this latter occurred in a real context with a human tutor (Piwek et
al., 2007). It can be observed, that the face of TutorBot has been built on purpose
using the technology 3D, to allow the movement of the mouth and the eyes,
with the purpose to make the interaction more engaging. In fact, in contexts of
IA it does not only need to pay attention to the technical aspects of the knowledge management, but it is also necessary to refer to the environment in which
the interaction man-machine happens, making it more and more representative
of the reality.
To improve the effectiveness of the learning/tutoring process, during the interaction between learners and TutorBot, it has been give much attention to multimedia content management, therefore, it is necessary to underline that the
answer given by the Agent it is not only in a text format, but also by images,
video lessons, link to further external resources etc, as shown in Figure 3.

Figure 3. Interface of TutorBot in multimedia contents management

Whether TutorBot is not able to find an answer because it is not in its knowledge
base, or giving further deepening on the topic, it was provided the integration
of an Adaptive Search Engine (see par 4.3) used to give back information as links,
showed in the same interface, as shown in Figure 4.
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Figure 4. Interface of TutorBot with the integration of the search engine

Figure 5. TutorBot integrated in a web-portal
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As shown in Figure 3, to the question asked by the learner in natural language
(TutorBot Knowledge Base is in Italian language): “potrei avere la definizione di
ipertesto”; the agent answers with a PATTERN included in its own knowledge
base, nevertheless, the agent, in order to do that and eliminate any chance of
error, firstly analyses the data regarding the learner who has asked the question,
data which are then used to profile the learner and match the final profile with
the proper sections inside the AIML knowledge base identified by the topic
(adaptively).
To clarify the concept, it can be said that a learner who follows a course of “Education”, will have a preference of correspondence inside the knowledge base
AIML on topics associated to the subject “Education”, therefore it is possible to
avoid confusion in getting a topic of conversation between TutorBot and the
learner. Obviously, the topic identified may also be different from topics connected to “education” if the learner will shift the conversation on different topics.
Indeed the agent can autonomously pick up a topic of conversation, from (as it
was pointed out before) the profile of the learner (De Pietro et al., 2009) as well
as from the same conversation. This is possible thanks to the rules entailed in
AIML, which you can go to for further information.
Going back to the example in Figure 3, to the question (in Italian language):
“potrei avere la definizione di ipertesto” (in English: “May I have the definition
of hypertext?”), the following AIML code can be identified inside the knowledge
base (in Italian language)6:
<aiml>
<topic name=”Database”>
<category>
<pattern> * Database _ struttura
</pattern>
<template>potrei avere la definizione di ipertesto<br> Ecco un esempio
di struttura ipertestuale:<br>
<imgsrc=”ipertesto_schema.jpg” width=”100” height=”100” alt=”“ border=”0” />
</template>
</category>
</topic>
<aiml>

As it is understood, from both Figure 3 and the same AIML code presented above,
it is possible to manage the multimedia contents (images, videos, etc.) directly
inside the code by inserting tag HTML inside the same tag TEMPLATE of AIML.
The multimedia content, inserted in the TEMPLATE, is shown by TutorBot in output alongside the textual content that usually constitutes the answer of the agent
6

The AIML Knowledge Base of TutorBot is in Italian, as it is full of informative contents. For this
reason it was decided not to provide any translation.
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to the learners’ questions. For the same reason, links might be introduced, being
possible to exploit hyper-textual as well as multimedia potentialities. In such a
way, the interaction with the tool is highly improved, just as a human tutor would
do, TutorBot can draw the user ‘s attention to further informative material, to
have more detail on the topics of conversation.

5. The Adaptive Search Engine (ASE)

As stated above, if the question raised by the learner cannot be met because a
correspondence does not exist inside the knowledge base AIML, the agent,
through a search engine, ends up questioning external knowledge bases. Such
search engine is of an “adaptive” kind and has therefore been denominated ASE7
(Adaptive Search Engine), illustrated in Figure 5, (De Pietro et al., 2005;
Brusilovsky, 2004; Laforcade et al., 2004; McTear, 1993); this indexes the resources on the basis of two fundamental criteria:
– Key-words present in the document;
– Logical context of reference which the topic of the indexed resource and
user’s profile correspond to (through the WEB platform).
With these two parameters, the resources can be found not only by means of
key-words taken out from the learner’s questioning sent to TutorBot in natural
language, but also by means of the logical context which the learner is referring
to during the conversation and strictly linked to his/her profile. The coherence
and the actual logical context is determined by the recursiveness of some keywords, that during the conversation, clearly identify the object of the conversation. In the example in Figure 4, we can synthesize what happens in background
after a conversation of this kind:
In Italian language:
– Learner: “trova informazioni sugli ipertesti”
– TutorBot: “Per avere maggiori informazioni sugli Ipertesti ti consiglio di far
riferimento a queste fonti sul web”
In other words, in the example, to the user’s request to carry out a research, identified by the key-word “trova” (search) (along with others included in the knowledge base), TutorBot gets started by explicitly questioning (in this case following
the learner’s input) the search engine (ASE) which it is connected to, the latter, as
illustrated in Figure 5, provides an output related to the search on key-words taken
out from the PATTERN of conversation, in our case “hypertext”(learner’s input).
In case the agent finds a lack of information in his AIML knowledge base, he automatically activates the research to external sources, always through ASE. The output of TutorBot, if we carry on with the above example and still refer to Figure 4,
ends up being composed by two elements:
– A section in natural language, where the research which has been carried
out, is explained to the learner;
– A section which contains the results of the research carried out by ASE, with
the related links that you can click on to the corresponding resources.
7

For a depth study on the functioning of Adaptive Search Engine (ASE) see Author et al. (2006)
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Both sections are completely integrated, therefore creating a homogeneous set
which is by and large the answer of the agent to the learner’s questioning.

6. Results of the exploratory study on the efficiency and satisfaction of TutorBot

36

In order to design a more comprehensive and detailed future experimentation to
test the effectiveness of TutorBot in real educational contexts, has recently been
realized an exploratory research, to detect the expression and the degree of
satisfaction of students who interact with the intelligent agent TutorBot. For this
purpose we used the platform You@Learn, a web learning environment, created
by the Research Group GRIAD, which thanks to the typical features of Web 2.0 in
it implemented, allows us to integrate formal and informal learning and make the
subject autonomous and protagonists of his own learning; for in-depth technicaloperational You@Learn, please refer to De Pietro, Muoio, De Rose (2011), while
for the exploratory study presented here, reference is made to a previous work
(De Pietro et al. 2013) designed to detect the features of such an environment,
through an exploratory study that involved sixty students of the former e-Learning,
at the Faculty of Humanities, now the Department of Humanistic Studies,
University of Calabria. On this occasion, though TutorBot still under study, as well
as further possible improvements of its performance, has been made available
within the platform You@Learn. Therefore, in the same period of duration of this
exploratory study, exactly one week, students had the opportunity to interact with
the agent TutorBot. To determine the effectiveness of the virtual tutor and the
sensations perceived by the students during the interaction with it, at the end of
the trial they were asked to respond anonymously to a questionnaire consisting
of both closed-ended questions from open-ended questions.
The quantitative analysis of the questionnaire data, showed that the 76.66% of
the sample (46 students out of 60) said they were satisfied with the answers
provided by the virtual tutor; 15% (9 students of 60) did not get the answers they
wanted; only 8,3% (5 out of 60 students) said they had not received any response
because the question has not been recognized by the agent. The open-ended
responses, analyzed in detail, have made it possible to detect not only the
strengths but also the criticality of the instrument.
In reference to strengths, there were many positive aspects: broad enthusiasm
in using the virtual tutor, also thanks to the interactive news provided by the
instrument; appreciation about being able to receive assistance 24 hours 24;
satisfaction with the mode of delivery of multimedia answers received by the ITutor. On the other hand, users have shown some difficulties in establishing a
conversation of long duration, some difficulties in formulating the requests
(queries) in order to obtain consistent responses to the question posed; lack of
satisfaction, by a limited number of users, of the interface used by the I-Tutor.
In conclusion, the exploratory study on the functionality of TutorBot shows that
it can be used to support the activities of tutoring within e-learning environments
in an integrated manner but never substituting the human tutor and there is the
same level of interest/enthusiasm during the interaction, even if further work is
needed on the interface and on mechanisms of its knowledge base.
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Figure 6. TutorBot integrated into the platform YouLe@rn

Conclusions

The present work is part of the studies for the optimization of the processes of
teaching-learning, within e-Learning contexts, in which act Intelligent Agents, tools, among others, that are able to facilitate a more meaningful learning (Novak,
2008). TutorBot, the intelligent agent presented in this work, must be considered
and evaluated not only from a technological point of view, in reference to the
optimization of human resources management and/or the flexibility with which
you can make learning content retrieving, but also, and above all, from the point
of view of pedagogical-didactic and of social interaction, according to the socioeducational constructivist teaching model (Galliani, 2004), which sees a “student
centered learning”, and according to the just-in-time learning and collaborative
learning. We believe that these latter aspects, although still being to be improved
and refined since the tool still needs to be tested, will be respected because,
within the interaction TutorBot-learner, it is the student who during the dialogue
with the agent builds his own learning path and contributes mainly to enrich the
knowledge base of the artificial tutor. This is one of the key aspects of the system,
which highlights and accentuates the active and participatory role of the students
(De Pietro & Frontera, 2005). In addition, the direct interaction between TutorBot
and learners, can also contribute to the emergence of online learning communi-
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ties (Scardamalia & Bereiter, 2006) in which all parties are involved in the construction and sharing of new knowledge.
Thanks to the AIML standard, documents produced in other e-Learning platforms
can be easily imported into the Knowledge Base of TurtorBot, and from this
reused.
Specifically, the expected benefits can be summarized as follows:
– Implementation of an online tutoring accessible at anytime, anywhere, ever
more complete;
– Reduction of operating costs and working time by the teachers/tutors;
– High level of interoperability between different platforms, desired objective
from the main international organizations with an interest in e-Learning.
A further advantage to be highlighted, is derived from the open source technology used for the implementation of the system. This makes it easily adaptable
to other contexts web oriented, and enables the development of add-ons, for
further improvement of TutorBot by the community of developers that have the
same standard. Finally, integration of the Adaptive Search Engine (ASE) is used
to compensate for the possible lack of information of the knowledge base, also
thanks to the techniques used in activities that are integrated with the data objects aiml, it is possible to customize the responses given to learners according
to their user profile. The issues covered and the system described, still to be completed and, of course, of further improvements as demonstrated by the survey
carried out, in our opinion set the stage to implement others and new tools to
automate the processes of knowledge management, according to recognized
standards at an international level, and at the same time, to limit human work
that in environments characterized by a high number of users and a varied type
of content becomes very onerous.
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abstract

Fostering collaboration in a Learning Management System is certainly a great challenge for tutors and teachers. In order to assist the instructors in this task, a possible
solution might consist in a technological artifact which could support the tutoring
process at different levels. The literature has generally proposed Intelligent Tutoring
System based on a deterministic model of the process. In this paper an alternative
idea is pursued by using a cognitive architecture based on the paradigm of the distributed artificial intelligence in order to make the model of such process more
adaptive and potentially open to a broader class of learning activities.
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One of the most challenging tutor’s activity is to manage the interaction of a
community in an discussion forum. The problem resides in the fact that multiple
objectives must be satisfied at different stages of advancement of the discussion
(Salmon, 2000). In order to support the tutor’s activity, one of the solution that
the current literature has proposed consists in adopting a Intelligent Tutoring
System (ITS) which supports the tutor or manages the discussion directly.
Unfortunately, the traditional approach pursued by Artificial Intelligence could
be not so effective. In fact, the problem domain, collaboration among a medium
number of individuals, is rather difficult to model effectively and only rough approximations are possible. In order to overcome such limitations, more refined
models can be produced or, in alternative, a different approach, which consists
in leaving implicit the model and try to make perception and action tightly coupled, can be explored.
The final goal is to obtain a system where the interaction between the forum
and the ITS builds implicitly the model nearly from scratch and the major effort
is focused on implementing the good practices of e-moderating.
In the next paragraph a phenomenological model of Asynchronous Online Discussion is presented along with the description of the problems that afflict such
environment. Subsequently, a very short introduction, from a historical perspective, of a certain class of hybrid cognitive architectures is reported. In the next
paragraph a description of the proposed architecture and some examples are
provided. Finally, in the last paragraph, some final remarks are drawn.

1. Phenomenological model of asynchronous online
discussions

Asynchronous Online Discussion, like Online Threaded Discussion (OTD) and other more sophisticated environments, are widespread tools for supporting a large
number of educational activities in online and blended courses (Gao, Zhang, &
Franklin, 2013). Moreover, such environments have a double valence in that they
foster dialog and knowledge construction among a community and, on the other
hand, they promote critical thinking and self-reflection in the case of individuals.
For this reasons, the evolution of the discussion in such environments can be
modeled as the locus of two contrasting force along some dimensions like the
interaction dimension and the new knowledge creation dimension. For instance,
in the dimension of knowledge creation, there is a force that is focused on the
current topic while, on the other hand, there is another one which desires to expand the discussion toward new topics linked in some way with the current one
(Bentivoglio, 2012). In a similar manner, along the interaction dimension, there
is a force which invites to look outside and promote discussion, and there is another one which makes the individual reflect upon his own experience (PenaShaff & Nichols, 2004).
In the case of the first dimension, if the two forces operate in synergy, the com-
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munity maintains the focus on the main topics until some sub-topics emerge.
On the other hand, it can happen that the focus of the discussion is frequently
lost. In fact, instead of discussing the main topics or expanding them in sub-topics, students tend to make digressions which prevent to reach such objectives.
In this way, the overall quality of the discussion, and the new knowledge produced, are not very satisfying.
In the case of the second dimension, the evolution of student’s awareness should
follow a three stage course. At the beginning, the student starts proposing a personal stance, then he begins to interact with his peers and, finally, he should reflect
over the new awareness gained during such activity. Unfortunately, such process,
doesn’t occur with the desired frequency because the level of interaction remains
often too low. In fact, it can happen that users post their contributes without paying the due attention to the ideas expressed by their classmates, or the single student hasn’t been involved in the discussion enough to reach the final stage.
In sum, in order to gain the best results from the interaction in a community a
proper balance of such forces should be fostered, but this is beyond the nature of
the available tools. For this reason, in order to cope with such difficulties, many
solutions have been proposed. They vary from the presence of a tutor which moderates the process to a re-thinking of the tools themselves. In the former case, the
tutor, following a personal mental model of what is happening in the forum, tries
managing the evolution of the discussion from a top-down point of view. In the
latter case, the structure of the tool (and the way in which it must be used) constrains, from a bottom-up perspective, to self regulate the student’s participation.
Moreover, it is worth to noting that the state of the discussion is not so univocally
defined but it is a superposition of many states. In fact, the process occurring in
a OTD is very far to be unitary because it is easy to find groups of students interacting in very different ways at the same time. From such empirical observation,
it can be deduced that the idea of a global model of the discussion forum, with
certain characteristics and an associate state, is only a rough approximation of
what really happens in these kind of environments.
From this final observation it can be deduced that, due to the intrinsic nature of
collaboration in a community, it is quite difficult to adopt a traditional approach
with a model of the interaction at its center. Anyway, it is still possible to refine
further the model or, in alternative, explore a design in which knowledge and
action are tightly coupled and the model is left implicit or minimal, meaning that
the interaction with the reality to be modeled creates it implicitly.

2. Distributed agent cognitive architectures

Before attempting to draw a detailed sketch of the proposed architecture, it is
necessary to introduce the scientific background which has influenced the development of such solution.
The history of cognitive architectures based on the interaction of many specialized agents has started with Selfridge’s Pandemonium Theory (Selfridge, 1959).
In such environment a hierarchy of agents performs pattern recognition by using
a bottom up approach with a competitive strategy in order to select the most
probable pattern.
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Few decades after, Minsky’s Society of mind (Minsky, 1986) developed a similar
concept and adds the idea of agencies as a metaphor of a coalition of agents
which are specialized in a particular complex ability according to some intuitions
of Piaget about the development of child’s intelligence. Moreover, the agent activity is modulated by censors and suppressors, an idea borrowed by Freud’s psychology, which inhibit the agent when some precondition is satisfied.
Anyway, the idea of exploiting the interaction of bottom-up and top-down
processes in a synergetic manner, is well represented by the Hearsay-II Speech
Understanding System (Lesser, Fennell; Erman, & Reddy, 1975). In this pattern
recognition system, the analysis of a single speech segment generates different
low level hypothesis, i.e. phonemes, that are posted in a shared memory called
blackboard. Starting from such low level percepts, other agents build higher level
hypothesis, i.e. words. Moreover, in order to find the most probable hypothesis
among a set of alternative interpretation of the same speech segment, the system prunes the set of low level hypothesis by using the high level information
provided by the hypothesis of those levels.
The blackboard architecture of Hearsay-II, and the strategies adopted to manage
concurrency, have inspired Hofstadter’s family of cognitive architectures (Hofstadter, 1995). In the several projects developed to emulate creativity and analogy
making in humans, a set of agents, called codelets (short pieces of code), implement very elementary cognitive functions in contrast which the complex symbolic architectures that have been developed in that times. Codelets interact via
a working memory where each one puts new information or constructs new aggregates starting from information yet present. Different kinds of codelets are
activated for completing the path to a possible solution or finding a new path
according to the current strategy pursued by the system. Furthermore, the possibility to make analogy during the process is implemented by using a semantic
network whose topology is dynamically influenced by the structures built in the
working memory. Because of its slippage capability which makes concepts closer
than usual when the context necessitates, such network was called Slipnet.
In the recent years, Franklin has developed a complete framework called LIDA
(Franklin & Patterson, 2006) by taking in account Baars’ Global Workspace Theory
(Baar, 1988) and the pioneering work of Hofstadter. In such architecture, cognitive functions are performed by coalitions of agents, called codelets as in Hofstadter’s previous works, that acquire and send data to a Working Memory. Each
codelet has an activity level and a tagged information. The Coalition Manager
manages coalitions and calculates their activity level, while the Spotlight Controller evaluates each coalition activity level and elects the winning coalition. In
addition, the Spotlight Controller performs the broadcast of the tagged information of each codelet in the winning coalition, to all codelets in the system. Actually, such process works like a sort of functional consciousness. Finally, the agent
behavior is decided using a Behavior Network, whose propositions are related
to the tagged information in the Working Memory. In this way a cognitive cycle
is terminated and another one can start beginning from the basic perceptions
reported by the codelets devoted to them.
It’s worth to noting that the same basic ideas work well also in the field of philosophy of mind. In this case, one of the most influential contribution is Dennett’s
multiple drafts model (Dennet, 1991). In this model, coalitions of agents compete
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in order to gain the access to the higher layer of the mind and originate a sequential flow of consciousness from an ensemble of parallel processes.
Similarly, in the field of cognitive neuroscience, António Damásio sketches a theory of consciousness which tries to find the neural correlates of such coalitions
(Damasio, 2010). Moreover, he adds the general idea that human organism builds
up consciousness through a series of bottom up processes that can be organized
in stages characterized by macroscopic functionalities. The first stage, proto-self,
describes a basic level of awareness biologically available to the nervous system
of animals and it is non-conscious and solely concerned with homeostasis. The
next one, core consciousness, describe a level of awareness that allows most organism to be aware of and react to their environment. In the final stage, the extended consciousness arises in two distinct set of structures, distinct but
anatomically distributed over the cortex, called image spaces and dispositional
spaces. In the former, sensory impressions are processed, including the focused
awareness of the core consciousness. In the latter, memories are processed and
recalled, and knowledge is merged with immediate experience. On such basis
an autobiographical self can emerge.

3. A proposal for a Distributed Architecture Tutoring System

Taking in account the ideas and suggestions coming from such diverse fields as
briefly exposed in the previous paragraph, makes easier to understand the general idea at the basis of the architecture and the following in depth analysis

Fig. 1. A schematic representation of the proposed architecture
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The basic idea consists in developing a set of specialized agents which process
the main features of each post in the forum at different levels of abstraction by
taking in account the time and social dimensions. An abstraction level is composed by a lower layer which manages information in input and writes the results
in a common working memory. The agents in the upper layer select information
from such working memory and produces actions. In addition they write the results on an upper working memory. In this way the upper layer of the first abstraction level is the lower layer of the second abstraction level. This kind of
structure continues to increasingly higher levels of abstraction. In the last layer,
the agents which have produced some actions and want to report such information write the results in the working memory beneath them.
A simple cognitive cycle consists in the sequence perception-action at the same
level of abstraction. Because of the multiple levels of abstraction, cognitive cycles
are not only distributed along the hierarchy of layers but also over time in a way
that a high level cognitive cycle comprises a certain number of lowest level cognitive cycle. In this way, it is possible to model short time reaction, medium term
decision, and long time self-reflective processes like adaptation and learning.
Delving into the details, the very first layer, is a sort of ground level where perception agents process the features related to linguistics issues or metadata like
the connectivity with other posts. Such information can be accessed directly from
the tools or via a messages broker service (Bentivoglio, Bonura, Cannella, Carletti,
Pipitone, Pirrone, Rossi, & Russo 2010). It depends on the level of integration
with the Learning Management System.
The output of this first set of agents, similar to the percepts that perception
codelets build in the working memory, are collected in a first level working memory (from now on WM1) where they are constantly evaluated by another family
of agents.
Such agents scan the working memory in order to find relevant information of
atomic nature, build new information from the data present in WM1, and propose or generate actions. It is worth to noting that each time an action is generated or, more in general, new data are produced, the event generate an atomic
fact that is written in the next working memory (WM2).
In general, the same things happen with the agents working in the next layers.
In addition, they can make decision about the actions proposed at the lower layers by selecting the most promising one, or by changing the behavior of the lower
level agent by sending a temporary inhibition signal or by changing their working
parameters. In this way the system is made more adaptive to the interaction
style of the community.
In this kind of environment, the focus is not in representing with the best fidelity
possible the evolution of the forum, rather the evolution of data posted in the
working memory describe the interaction between the forum and the ITS. In this
way it is possible to deal with spurious states like the ones where some users are
collaborating and other are quiescent.
Moreover, in order to decide the transition from the starting phase to the collaboration phase, some numerical thresholds about a set of metrics should be
fixed. Unfortunately, collaboration, and the process of evolution of collaboration, is a rather vague concept that is difficult to capture by using numerical
conventions.
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Instead of using approximation based on empirical analysis (Bentivoglio, 2009),
the general idea is to make the system adaptive. In sum, the system starts with
some knowledge acquired by empirical observations, but it is designed to adapt
a part of them, numerical parameters for instance, if some data collected at the
upper level of abstraction suggest to update them.
Because such description sounds rather abstract, a toy example is provided. As
observed in many situation, short comments to an initial message maintain the
focus on the current theme and stimulate a better interaction rather than long
messages that, generally, privilege the point of view of the their writers without
taking in account the ideas emerged from the previous messages (Rossi,
Zuczkowski, Alessandri, Giannandrea, & Magnoler, 2008). From such observation
it could be deducted a rule, actually quite naive, which consists in sending an
alert to the user when he writes an excessively long message. Anyway, There are
two order of problems: determining a reasonable max length for such kind of
messages and how to modulate the intervention.
In order to understand how a solution to such problems emerge from the interaction of the ITS with the user community, it is useful to describe a possible dynamics of the system. Every time a user posts a message, the agents belonging
to the first layer collect information about it and post proper data structures in
WM1. Then, a second layer agent discover that a message is too much long. According to the rule of thumb, it sends an alert to the writer and, on the same
time, post in WM2 the fact that it has sent an advice because the message is too
long. If other people writes long messages the system continues to send advice
but an agent in the third layer notes such exceptional activity. At this point there
are two possible cases. On one hand, the agent of layer three, with the help of
statistics collected by other agents in the lower layers decides that the community of user must be advised in its whole with the intent of remembering that
answering with too long message is not a good practice. So, it sends a message
in the forum in order to focus the attention of the users to such problem. On the
other hand, the evolution of the social network and other indices tied with the
quality of content could let think that the length of the message doesn’t actually
influence negatively the quality of the interaction. For this reason, the agent decides to update the max length message parameter in the agent of layer two and
inhibits their advice sending for a while.

Conclusion

The solution proposed differs from many of the ones described in literature essentially because it conceives the ITS behavior more in terms of emergence than
in term of rational behavior as in many ITS based on well defined models of the
process (Jermann, Soller, & Muehlenbrock, 2004).
This is similar to the paradigm shift happened in Philosophy of Mind when the
functionalist conception of mind as a Turing Machine (Putnam, 1960) has evolved
in a conception of mind as a locus of competitive processes from which the mind
emerges.
Anyway, such paradigm change is far from being ontological. In fact, the concept
of finite state automaton is hidden under a lower description level. Actually,
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rather than defining a model and associating to each state the action to perform,
the proposed architecture defines an ecology of agents, which behave substantially like finite state automata, where action and perception are intermixed.
Furthermore, the description of what is emerging from the interaction between
the ecology of agents and the forum is not just a description of what is happening
in the forum but the description of the evolution of the system composed by the
community and the ITS. This can sound far from the objective of describing the
forum evolution in order to support students and instructors, but it is what really
happens in the mind of an human tutor when he is moderating a forum. In fact,
his mental model of the process comprises necessary his perceptions and actions, although he might be not completely conscious of this fact.
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abstract

The world of MOOCs represents a new trend for Web-based instruction. The
MOOCs provide high quality disciplinary contents and new solutions to make high
education accessible for masses. They have also some drawbacks causing negative
phenomena like decreasing engagement and motivation and, thus, high drop-out
rates. This work proposes a novel approach to mitigate the aforementioned drawbacks by means of the synergistic application of Educational Data Mining and Semantic Web techniques. The proposed approach focuses on the analysis of data
related to students’ characteristics and behaviours with respect to learning object
metadata and subject ontologies (conceptualizing the disciplinary domain of
MOOC) in order to detect anomalies in the selection and/or definition of some
characteristics (i.e. Learning Resource Type, Interactivity Type/Level, etc.) of
MOOC learning contents. The detected anomalies are then used to generate feedbacks for instructors who can adapt the MOOC learning material applying a suitable adaptation strategy.
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The MOOCs (Massive Open Online Courses) implement a new model of Web-based
instruction, characterized by educational settings based on high quality disciplinary
contents provided by international renowned Universities (Liyanagunawardena,
Adams & Williams, 2013; Mangione, 2013a ). These contents are open and accessible
to thousands (massive) of enrolled students (Yuan & Powell, 2013).
The rise of MOOCs seems to be the University answer to new emerging trends
in online education. On the one hand, MOOCs foster online course accessibility
for masses, overcoming situations where economic difficulties become a barrier
for education (Thrift, 2013). On the other hand, with respect to the concept of
employability, they can represent a valid tool for the development of capabilities
that can be concretely exploited at workplace.
Taking into account the phenomenon of MOOCs, the Universities have to: i) define new modalities by which specialized learning curricula are delivered, ii) design suitable educational practices (Yuan & Powell, 2013) in order to valorise
massive models, flexible curriculum and personalized learning paths and iii) overcome the recognized issues (above mentioned) associated with MOOC solutions.
Among these issues, high students’ drop-out rate is a very important aspect.
Drop-oust are mostly due to a lack of constant, individualized and personalized
formative feedbacks from instructors (which is impracticable due to large numbers of enrolled students). Additional issues to consider are related to motivation
and engagement of students.
The themes of personalization and adaptation (Park & Lee, 2003; Mangione,
2013b) clearly emerge from our previous considerations. These themes, in massive learning environments, are even more critical when the composition of classes is highly heterogeneous and includes students with differences in terms, for
instance, of age, culture and interests. These students are supposed to react in
different manners to the same learning content (Glaser, 1977).
A traditional MOOC delivers a set of video lectures (typically organized in weeks),
a set of quizzes and exams (Mangione, 2013a). Additionally, forum, blog, social
networks and wiki are provided to enable other educational scenarios like, for
instances, FAQs, Collaborative Problem Solving, Question Answering, just to mention a few (Kolowich, 2013).
Indeed, with the aim of facing personalization and adaptation issues, the concept
of Adaptive MOOC has been introduced in a recent taxonomy proposed by Clark
(2013). The adaptive MOOCs use specific algorithms allowing definition and delivery of personalized and adaptive learning experiences based on students’ characteristics and behaviours (mainly obtained by gathering and elaborating
assessment results and other users’ actions on the learning environment and its
components). Sometimes, poor students’ performances are due to a poor quality
of learning contents (Anderson, 2013) or simply to a high rate of difficulty of understanding these contents with respect to either proficiency level or pre-existing
knowledge of students. In these cases, it could be important to detect anomalies
related to the learning contents (e.g. low quality, erroneous characteristics like,
for instance, learning resource type, interactivity type and so on) in order to enable instructors to adapt or adjust the materials (Williams, 2013).
A number of Educational Data Mining (EDM) techniques like, for instance, clus-
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tering, classification and association rules generation (Romero & Ventura, 2010),
can be used to detect such content-related anomalies and sustain the generation
of feedbacks for the instructors to foster the so called adapted guidance (Vogt &
Rogalla, 2009). In order to define effective adaptation strategies, the results of
the EDM algorithms have to be further interpreted. The interpretation phase
cannot be performed in an automatic way and requires specific competencies
(related to Data Mining algorithms, practices and tools) that, typically, are not
part of the instructors expertise (except for those owning Data Mining competencies) (Mangione, 2013b).
The main idea underlying this work concerns with the definition of an overall approach, to assisting the instructors with making informed decisions about adaptation in MOOCs, based on Semantic Technologies and Methodologies (with
particular reference to Semantic Web languages and vocabularies) in order to
break down the barriers related to the use of EDM tools. More in details, we propose to use, in synergy, EDM algorithms and Semantic Web-based knowledge
representation to generate enriched feedbacks which alert the instructors on
anomalies in learning contents presented in a MOOC. In this work, the proposed
approach is focused on detecting if a given learning content is inadequate (e.g.
erroneous interactivity type/level, learning resource type, etc.) for students with
specific characteristics and suggesting the instructors to define and apply suitable
adaptation actions.

1. Educational Data Mining and Semantic Web in Education
1.1 Educational Data Mining

Educational Data Mining is a promising research field focused on supporting educational processes by using information and communication technologies. The
EDM can be considered as the application of Data Mining (DM) techniques on
educational data (coming from educational environments like, for instance, learning management systems, adaptive learning environments, traditional classes,
and so on) in order to improve learning and teaching processes (Mangione,
2013b). Authors in (Romero & Ventura, 2013), also state that the EDM is committed to carry out development, research and application of computational
methods to elicit patterns from big sets of educational data.
A typical EDM process is reported in Figure 1, where the main activities are the
following:

Figure 1. Traditional EDM Process
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• Data gathering. The availability of several and heterogeneous data sources
(associated with big numbers of different educational environments possible
to considered) determine a high level of heterogeneity of data formats and
structures that have to be used in knowledge extraction process.
• Pre-processing. Data collected in the first phase, typically, are not represented
in a form that is compatible with requirements of Data Mining algorithms
adopt in the elaborations of the whole EDM process. Thus, a set of operations
(conversion, integration, discretization, etc.) is needed in order to adjust the
collected data.
• Data Mining. The goal of this phase is mainly to use existing Data Mining
techniques (prediction, clustering, outlier detection, association rule mining,
text mining, etc.) to extract implicit patterns from data.
• Result Interpretation. The extracted patterns, often described in terms of
models, have to be interpreted in order to become useful for the decision
processes.

Lastly, there are many tasks in which EDM is applied. The most important ones
are analysis and visualization of data (Bunkar et al., 2012), feedback provisioning
for supporting instructors (Dejaeger et al., 2012), generation of recommendations for students (Klašnja-Milićevića et al., 2011), student’s performance prediction (Frias-Martinez, Chen & Liu, 2006), student modeling, grouping students,
planning and scheduling (Hershkovitz &. Nachmias, 2008).
1.2 Semantic Web in Education

The aim of the Semantic Web is to overcome the limitations of the traditional
Web, consisting in a “representation” which is only designed for humans (machine-representable). The Semantic Web determines the transition to a “machine-understandable” vision which specifies the meaning of data to ensure a
correct usage by machines (Signore, 2013).
Following the Semantic Web stack proposed by W3C1, core element of the Semantic Web is represented by ontologies. The ontologies are used to represent
knowledge in specified domains and have been defined by T. Gruber (1995) as
“an explicit specification of a conceptualization”.
In education, the ontologies are used to improve knowledge sharing processes
and enable efficient and effective access to relevant data. Ontologies are thus
exploited in modelling knowledge for Adaptive Learning Environments (Zhao &
Zhang, 2009) in order to improve students’ learning by providing adaptive feedback or by adjusting the learning environment basing on students’ performances
and behaviours. As found in literature, the ontologies in education have been
also used to model, describe and organize students’ knowledge, skills, preferences, learning styles, learning objectives (Abdel-Rahman et al., 2012; Szilagyi &
Roxin, 2012), learning content and metadata (Zouaq & Nkambou, 2009; Roy,
Sarkar, & Ghose, 2009), educational strategies (Fernández-Breis et al., 2012), sub1

http://www.w3.org/2001/sw/
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jects and their relationships (Gaeta, Orciuoli & Ritrovato, 2009). Moreover, Bittencourt and colleagues (Bittencourt et al., 2009) summarize the main principles
of the Semantic Web-based Educational Systems. In particular, they assert that
the importance of ontologies in educational systems consists in enabling browsing, sharing and reusing of learning content, possibly stored in different repositories, and in allowing interoperability and integration among them.
Interoperability, reuse and integration are enabled by the main standards proposed by W3C (i.e. XML2, RDF3, RDFS4, OWL5, OWL26 and SKOS7).
1.3 Synergy among Semantic Web and Educational Data Mining

In the past, Data Mining and Semantic Web have been often considered as two
independent research fields where Semantic Web allows knowledge representation by means of formal languages (e.g. OWL) and Data Mining is applied to
elicit non-explicitly represented knowledge from big data volumes by means of
effective and efficient techniques.
In recent years, more and more experiments have considered a combined application of Semantic Web and Data Mining techniques (for sake of simplicity we use the
term “SW-DM” in order to address the above mentioned combined application).
SW-DM has been used to build ontologies by means of automatic or semi-automatic processes (Agirre et al., 2000)( Xu et al., 2002) to find a mapping among
elements of two ontologies (defining conceptualizations in the same domain)
(Cañadas et al., 2004), to merge ontologies (Noy, 2004) (Bruijn et al., 2006) and
to support ontology evolution (d’Aquin, Kronberger & Suárez-Figueroa, 2012)
where authors propose a methodology to update ontologies with knowledge extracted from data by means of Data Mining techniques.
SW-DM is also considered useful in order to support semantic annotation
processes. Techniques like, for instance, Text Mining and Clustering have been
exploited for annotating documents (Kiyavitskaya et al., 2006), images (Wang et
al., 2006) and other digital resources.
Furthermore, another field in which Semantic Web and Data Mining have been
synergistically applied is the Semantic Web Mining that uses Data Mining techniques over semantic data in order to elicit knowledge that is not explicitly represented. Khan et colleagues (Khan, Verma & Jain 2011), for instance, propose a
Semantic Web Mining algorithm to improve precision and recall in Web searching
processes executed in educational domains. Moreover, Mustapaşa and colleagues
(Mustapaşa et al., 2011) apply techniques of Semantic Web Mining over log data
in order to elicit knowledge about students’ motivation and behaviour. This knowledge is used to adapt the learning experience in order to sustain students’ engagement and selecting learning content that best fit student’s characteristics.
2
3
4
5
6
7

http://www.w3.org/standards/xml/
http://www.w3.org/TR/2004/REC-rdf-concepts-20040210/
http://www.w3.org/TR/rdf-schema/
http://www.w3.org/2004/OWL/
http://www.w3.org/TR/owl2-primer/
http://www.w3.org/TR/skos-primer/
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In the next sections we propose a different approach to combine Semantic Web
and Data Mining in Education. In particular, we combine semantic educational
data and Educational Data Mining results in order to generate more detailed
feedback that may support instructor’s decision making processes with respect
to adequacy of learning material in MOOCs.
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2. Improving Quality of Learning in MOOCs: a Proposed Approach
2.1 Overall Approach and Adaptation Strategy

The drop-out phenomenon in MOOCs is mainly due to possible students’ decreasing motivation when they feel frustrated by the difficulty to understand lectures and pass exams. In some cases, the aforementioned issues are not
completely due to the inadequacy of students’ diligence. In fact, the massive nature of MOOCs imposes that the same content fits all students with no assumptions about their learning style, preferences, available tools, existing knowledge
and skills. Thus, an incremental tuning of learning material is needed to adjust a
specific content and make it fit for the widest and most heterogeneous possible
audience.
The above mentioned tuning has to be performed by instructors who typically
gather feedback by students, analyse it and adapt the produced learning content
accordingly.
In traditional MOOC environments, it is difficult (although not impossible), to
handle a dynamic adaptation of learning content. In this work, an adaptation
scenario in which instructors improve new MOOC sessions (for instance for a
new class in next semester), making use of the same material, is considered.

Figure 2. Overall Approach
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Figure 2 provides a high level description of the proposed approach.
More in details, in step 1 (steps are reported in black circle in Figure 2), students
access the MOOC and its learning contents. Students’ actions, on the learning
contents, are traced and stored in a specific database in step 2. In step 3, students’ tracks and profiles are used to build a model based on a decision tree
which classifies students with respect to their ability to successfully acquire
knowledge on concepts explained by a specific learning content. The constructed
model and semantic data associated to the learning content (which we are considering) are used in step 4 to generate feedbacks on possible anomalies in the
learning content. Anomalies can range from uncorrected metadata (associated
to learning material) to uncorrected organization of learning material and are
forwarded to instructors in step 5. In step 6, the instructor analyses the feedbacks
received, reflects on and decides about a suitable intervention to accomplish.
Lastly, in step 7, the instructor possibly takes her actions to improve the learning
material and consequently the MOOC quality. Among all possible types of anomalies, this work focuses on erroneous selections of learning contents with respect
to students’ characteristics. For example, let us consider an instructor, who is
preparing a MOOC, and choices a specific learning object, having a narrative text
as a resource type, in order to explain a given subject. Moreover, let us assume
that many students (a significant number of students with respect to the total
number) achieve low scores when they are called to execute an assessment test
for the above subject. In this case, it is useful for the instructor to analyse the
situation and understand if poor performances are due to students or to some
anomalies in the used learning object. Lastly, let us also assume that the selection
of that learning object was wrong owing to the inadequacy of the narrative texts
to opportunely support the learning process for the desired subject to be explained and the common characteristics of most students. The proposed approach aims at providing instructors with a useful support to detect these
anomalies.
The detection of this type of anomalies allows instructors to provide alternative
learning contents (explaining the same subjects but having different characteristics in terms of learning resource type, interactivity types, etc.) or, for instance,
to replace the anomalous learning content with a new one (providing more adequate characteristics) in new MOOC sessions.
However, the adaptation strategy of the proposed approach foresees a human
intervention (instructor) and follows the flow reported in Figure 3.

Figure 3. Adaptation Process
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In Figure 3 the whole adaptation process is depicted. In particular, adaptation is
applied across two sessions (possibly in different semesters) of the same MOOC
(for two different classes). The idea is to take advantage from the experience done
in the previous session in order to improve the quality of learning in a MOOC for
the next sessions. The outcome of the proposed approach is a set of feedbacks
generated to support the adaptation actions the instructors could apply.
In the next sections we will give further details on feedback generation and model construction (see Figure 2) but only after we have given a clear picture of the
semantic representation of knowledge in MOOCs.
2.2 A Model for Semantic Web-based MOOCs

In order to provide MOOCs with the benefits of Semantic Technologies, a model
of Semantic Web-based MOOC has to be defined. MOMAMOOC8 is a MOOC Platform based on (Intelligent Web Teacher) (Capuano, Miranda & Orciuoli, 2010),
an e-Learning Platform that lays on Semantic Web and other Semantic Technologies in order to provide adaptive and personalized learning experiences.
In MOMAMOOC, the learning material is decomposed and packaged in atomic
units called learning objects (Sampson, Karagiannidis & Kinshuk, 2010). Video
Lectures, short quizzes, texts and assessments (exams) are all packaged as learning objects. In order to describe and express the characteristics of a learning object, MOMAMOOC applies a strategy based on Metadata and makes references
to IEEE LOM9 (IEEE Learning Object Metadata) and IMS LRM10 (IMS Learning Resource Metadata). The most important elements of the adopted metadata
schemas concern with information about general (e.g. language), technical (e.g.
format), educational (e.g. interactivity type, learning context), classification (e.g.
discipline, learning objectives) characteristics. MOMAMOOC organizes learning
objects by means of conceptual structures, namely Subject Ontologies (Gaeta,
Orciuoli & Ritrovato, 2009) that are, de facto, lightweight ontologies formally describing the knowledge of a disciplinary domain of interest by defining its relevant
concepts (corresponding to subjects or topics) and relationships among them.
In particular, the adopted notation foresees a partonomy relationship, namely
Has Part and two order relationships, namely Is Required By and Suggested Order. Furthermore, MOMAMOOC describes students’ profiles by taking into account IMS LIP11 (IMS Learner Information Profiles) and considering learning
styles, preferences and cognitive states. MOMAMOOC also supports non-traditional forms of MOOCs (i.e. Group MOOCs and Connectivist MOOCs) (Clarke,
2013) that are mostly based on collaboration and knowledge creation.
MOMAMOOC represents knowledge about learning material and students by
using Semantic Web-based ontologies and vocabularies in RDFS and OWL. More
in details, learning object metadata, subject ontologies and students’ profiles

8
9
10
11

http://www.momamooc.com
http://ltsc.ieee.org/wg12/20020612-Final-LOM-Draft.html
http://www.imsglobal.org/metadata/
http://www.imsglobal.org/profiles/
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are written respectively by using and extending Dublin Core12, SKOS and FOAF13.
Moreover, the SIOC14 ontology is exploited to semantically describe and organize
collaborative activities performed by students on Web 2.0 tools (e.g. discussion
forums, wikis, blogs, social networks, instant messaging software, and so on).
Figure 4 illustrates how learning objects in MOMAMOOC are semantically described and organized by means of Semantic Web vocabularies and ontologies.
In particular, this organization allows interoperability, reuse and other valuable
characteristics across different MOOCs also deployed on different Platforms.
Firstly, RDFS and OWL are standard languages enabling interoperability, integration and extensibility of schemas. The availability of robust and high performing
Semantic Storage and Inference Systems (which are able to manage semantic
data in RDFS and OWL) guarantees scalability and distribution over the network.
These aspects allow the system to evolve. Secondly, the standard metadata layer
enables portability of learning objects across multiple and heterogeneous systems and a richer filtering capability with respect to different qualities of a learning content. Thirdly, the adoption of subject ontologies enable learning object
searching, sequencing, browsing and filtering at the conceptual level. This aspect
is important in order to allow rich and pedagogy-oriented course authoring tools
for instructors. Subject ontologies play an important role also in scenarios where
cMOOC (Clow, 2013) are considered. In fact, the conceptual representation of
the disciplinary domain allows user-generated content (UGC), produced by Web
2.0 tools, to be correlated to existing content (e.g. UGC and learning objects)
dealing with the same or similar subjects.

Figure 4. Semantic Web-based MOOC structure

12 http://dublincore.org/
13 http://www.foaf-project.org/
14 http://sioc-project.org/
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Lastly, MOMAMOOC added values regard its capability to allow adaptation and
personalization of learning experiences by exploiting subject ontologies, learning
resource metadata and students’ profiles. More in details:
• already acquired subjects (this information comes from the cognitive status
part / side stored in students’ profiles) are not further proposed in new learning paths;
• remedial works (additional sequences of learning objects) are provided in response to poor scores obtained by students in assessment phases;
• some learning objects are preferred to others (dealing with the same subjects) if their characteristics (considering their learning resource metadata)
better fit the considered student’s profile.
All these distinctive characteristics provide support to students, in terms of formative feedback, automatic tutoring and personalization, and offer plausible solutions for students’ disengagement and frustration. The original contribution of this
paper concerns with the enhancement of MOMAMOOC with Educational Data
Mining techniques applied in synergy with its existing Semantic Web-based architecture, in order to face the problem related to students’ motivation, engagement
and (consequently) drop-out from the perspective of a learning object quality.
2.3 Finding candidate anomalies in learning objects by using Educational Data
Mining

The aim of this step is to detect a set of possible anomalies related to the learning
objects in a MOOC and, in particular, in the choice to provide a learning object
with some specific characteristics (expressed in the associated metadata) to explain a given subject in a course.
The idea is the following. During the execution of a MOOC, some students perform actions involving the use of learning objects included in the course. Given
a specific learning object, the students produce a set of actions like, for instance,
giving answers to quizzes about subjects explained in the learning object and
producing a number of information like, for instance, time spent studying the
learning object, number of times the LO has been visualised, etc.. These data
and additional information about students’ profiles can be associated and elaborated by means of Data Mining algorithms in order to perform a classification
with respect to three categories (i.e. low score, medium score, high score) related
to the students’ learning performance. The classification algorithm identified for
the aim of this work is named C4.8 (Quinlan, 1993) (Hall et al., 2009) and builds
a decision tree starting from a dataset previously pre-processed. The adoption
of this algorithm is due to its capability to extract knowledge, from data, that is
interpretable and representable by means a set of IF-THEN-ELSE rules. In particular, the algorithm is used to understand what students’ characteristics and behaviours are really relevant to obtain low, medium or high score for each subject
in the course.
The dataset structure is represented by a set of records including the fields illustrated in Table 1.
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Attribute
Age
averageScore
percentage
learningSyle

scoreResource

Description
Age of the student
The average score is calculated on
the course subjects that the student
has already acquired
Progress level for the whole course
Learning style of the student

Score obtained by a student on
subject that is explained by the
learning object . The
scoreResource is calculated as
follows:
• If the score is less than 7 then
scoreResource is equal to
"Low"
• If the score is between 7 and 8
then scoreResource is equal to
"Medium"
• If the score is greater than 8
then scoreResource is equal to
"High"

0"

!18

"10

0"

{

{

Existence field

,

,

,

"100

,

,

}

,

}

Table 1. Dataset

The dataset has to be preliminary pre-processed (second step of the process in
Figure 1) by means of three phases: data reduction (some existing attributes
have to be eliminated, in this work we only focused on the attributes reported
in Table 1), data integration (data from different sources must be combined in
order to obtain a uniform representation) and data cleaning (to improve dataset
quality it needs to clean up data from outliers, noisy and incomplete values).
Once the dataset has been pre-processed, the decision tree can be constructed
by means of the above mentioned algorithm (Frank et al, 2009). The algorithm
allows to divide the set of students into three subsets corresponding respectively
to students who achieve a high score (first subset), students who achieve a medium score (second subset) and students who achieve a low score (third subset)
for a given learning object (related to a specific subject). The C4.8 algorithm characterises each subset by means of rules determining the single students who belong to the subset.
It is important to note that the decision tree can generate different branches of
classification rules for each considered category (i.e. low score, medium score
and high score). Thus, it is necessary to select only that branch characterized by
a greater number of instances correctly classified over a given threshold (experimentally calculated). This choice allows to improve precision and relevance of
the generated feedbacks.
The next step is to consider the information (coming from the decision tree we
have built) concerning the set of students who obtained low scores for a specific
subject explained by means of the learning object. Let us call the aforementioned set and the set of relevant metadata fields (taken from the specifications
introduced in the previous sections) 15: LearningResourceType, TypicalAgeRange,
15 http://www.imsglobal.org/metadata/imsmdv1p2p1/imsmd_bestv1p2p1.html
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Difficulty, TypicalLearningTime, InteractivityType, InteractivityLevel and SemanticDensity. Lastly, and are two 7x2 matrices representing learning object metadata. For each matrix, the first column ( and ) is filled with element in and the
second column ( and ) with values associated to the metadata field inserted in
the first column of the same row (for example and contains the difficulty value
of the field). (build experimentally) provides metadata values representing characteristics that the learning object should have to be suitable for students in .
Moreover, is the metadata instance provided by the instructor who has authored
the MOOC.
The idea is that comparing and it is possible to identify metadata fields that can
be really relevant for the success of the learning process. The candidate fields
are those having different values for and .
More in details, is constructed by considering properties and values returned
by the execution of algorithm C4.8 and their matches with learning object metadata fields and values. For instance, in Table 1, the learningStyle (one of the student’s characteristics) is considered. We have no corresponding values in the set
for learningStyle, but it is possible to relate this characteristic to LearningResourceType, InteractivityType and InteractivityLevel by considering scientific results (Franzoni et al., 2008) (Baniulis, et al., 2009). Moreover, it is possible to note
a direct correspondence for TypicalAgeRange (it can be acquired by considering
the age value in the dataset structure) and TypicalLearningTime (it can be acquired by considering the time spent by students in). At the moment, SemanticDensity and Difficulty are not managed, but they will be considered in future
works.
This phase ends with the comparison between and and produces a list of candidate’s anomalies (and their corresponding values), identified by considering
metadata fields (titled by the label and) that have values such that .
2.4 Generating feedback by reasoning on Semantic Web-based structures

Feedback generation represents a phase in which candidate’s anomalies detected
by applying the previous steps are refined and transformed into feedback for instructors who can start their decision process and possibly adapt the MOOC for
next sessions by modifying content, metadata and ontologies related to used
and analysed learning material.
The goal is to define a set of rules testing conditions over the available Subject
Ontologies in order to refine (i.e. accept, order, etc.) these candidate’s anomalies.
For sake of simplicity, we only focus on the relationships of the MOMAMOOC
Subject Ontologies. In particular, let us consider subjects and in the sample Subject Ontology in Figure 5 (note that the set Q contains all Learning Objects on
which an anomaly has been found). and are related through a relationship Let
us also assume that candidate’s anomalies are detected for and , that are learning objects explaining subjects and respectively. The idea is that low scores for
subject could be influenced by an erroneous selection/definition of the content
in (in terms of its characteristics) but they could be also influenced by anomalies
in explaining subject
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Figure 5. A Subject Ontology fragment

Sample rule

Situation

Sample feedback for
instructors

IF (B is in Q AND A is not in Q)
THEN generateFeedback

•

Learning object LO2 could
present anomalies related
to the characteristics of its
content (e.g. interactivity
type).

IF (B is in Q AND A is in Q)
THEN generateFeedback

•

Learning object LO1 could
present anomalies related
to the characteristics of its
content
(e.g.
learning
resource type);
Anomalies in LO1 could
impact on LO2;
Learning object LO2 could
present anomalies also
related to the characteristics
of its content.

•
•

Table 2. provides some sample rules which can be applied
in order to generate feedback concerning anomalies

Thus, Subject Ontologies are used to better specify feedback that can be generated from candidate’s anomalies obtained by applying Educational Data Mining
techniques. In particular, the semantics of their relationships can be used to provide a richer feedback messages also organized in coherent sequences as reported in Table 2.
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Early experiments were conducted to divide the students into three subsets (low
score, medium score, high score) and to derive the characteristic parameters
(age, learning time, learning resource type, learning style and interactivity level)
for each of them.
For a first test of our approach we used a dataset related to a MOMAMOOC platform adopted for supporting an online course of “Geometry” deployed at the University of Salerno. The course was accessible for a limited number of students.
A pre-processing step was executed to improve the quality of the dataset:
• Data integration was used for combining together tuples coming from almost
330 tables of the MOMAMOOC databases containing log file, students’ profiles, metadata, ontologies, etc.;
• Data cleaning, instead, was used to clean up data from outliers, noisy and incomplete values.
The generation of the decision tree has been executed by means of Weka16 and,
in particular, the J48 algorithm. This J48 was configured as follows:
binarySplits=false, confidenceFactor=0.25 and minNumObj=2.
The whole training set was composed of 4 attributes (i.e. age, learningStyle,
meanVote and percentage that are explained in Table 1) from 208 students. The
result of the J48 algorithm for the learning object related to the “Matrix Definition” subject is shown in Figure 6 and commented in the following paragraphs.

Figure 6. A fragment of the generated decision tree

16 http://www.cs.waikato.ac.nz/ml/weka/
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All attributes in the dataset appear in the resulting decision tree, therefore they
can be considered meaningful to classify our students according to the proposed
approach. The quality of the decision tree can be assessed through the confusion
matrix shown in Table 3.
Low
64
4
11

Medium
2
6
1

High
16
4
100

Table 3. Confusion Matrix

Calculating the Cohen’s Kappa associated with the confusion matrix we obtain a
value of 0.6596 that can be considered a good result (Landis and Koch, 1977).
The results of the constructed decision tree, expressed in terms of rules, have
been then used to assess the quality of the learning process on subject “Matrix
Definition” of the “Geometry” course (Figure 8 shows a part of the ontology
used). The metadata associated with the resource titled “mt-defmatrici”, responsible for explaining the considered subject, is configured as follows: interactivitytype=expositive, learningresourcetype=narrative text, interactivitylevel=very
low, semanticdensity=low, typicalagerange=18-50, difficulty=easy and typicallearningtime=06m40s.
Coherently with the proposed model, we choose the branch, in the constructed
decision tree, characterized by a meanVote between 5.76 and 7.08, learningStyle
= analytical, percentage > 3 and vote = low. In this case, the number of correctly
classified instances for the class “low score” is 29 (i.e. the group of students, with
a low score regarding the current learning object, better classified by the J48 algorithm).

Figure 8. A sample ontology fragment

Again, according to the proposed approach we can assert that the type of learning resource provided in the MOOC is incompatible with the students’ learning
style (this comes from rules generated by the J48 algorithm) and can negatively
impact on the learning process quality. Thus, a feedback to the instructor has to
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be generated and sent. Moreover, students with a learning style of analytic type
prefer interactive learning resources than simple narrative text (Franzoni et al.,
2008) (Baniulis, et al., 2009). So, the instructor has the chance to provide alternative learning objects (with a high level of interactivity) in a new “Geometry”
course session.
Lastly, the process is repeated for all the 40 learning objects of the “Geometry”
course. 12 feedbacks have been generated. Almost 75% of feedbacks have been
considered useful by the instructor.
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Final Remarks

This work proposes an approach to improve the quality of learning processes in
MOOCs by synergistically exploiting Educational Data Mining and Semantic Web.
More in details, the Semantic Web-based representation of metadata associated
to learning objects together with the subject ontologies applied to organise the
course material are used to refine the results of a classification algorithm (C4.8)
providing feedbacks on possible anomalies related to the content characteristics
of given learning objects. The outcome of the proposed approach consists in sequences (the order provides information about priorities) of feedbacks for instructors who can provide several forms of off-line adaptation to MOOC contents.
The proposed approach is experimented by using the MOMAMOOC installation
at the University of Salerno and, in particular, for a “Geometry” course. Information about the early experimentation is provided in the paper. The experimentation results are promising, although the authors are aware that in order to
definitely demonstrate the effectiveness of the approach more complete experimentation activities have to be executed.
In a future work we planned to consider: i) a propagation algorithm to manage
the impact of all pre-requisites of a given subject in order to consider also indirect
dependencies (pre-requisite path of length greater than 1), ii) other metadata
properties like Semantic Density and Difficulty and iii) additional anomaly types
like errors in metadata and in subject ontologies. These aspects, in our opinion,
will improve the quality of feedbacks.

References

Agirre, E., Ansa, O., Hovy, E., & Martínez, D. (2000). Enriching very large ontologies using
the WWW. In Proceedings of ECAI Workshop on Ontology Learning. Retrived from
http://www.cs.jyu.fi/ai/vagan/course_papers/Paper_17_SW.pdf
Anderson, T. (2013). Promise and/or Peril: MOOCs and Open and Distance Education.Retrived from http://www.col.org/SiteCollectionDocuments/MOOCsPromisePeril_Anderson.pdf
Baniulis, K., Kersiene, V., Petreikiene, V., & Slotkiene, A. (2010). A Case Study: Impact of
the Interactivity Level to E-Learning Outcomes. In IT2010: proceedings of the 16th International Conference on Information and Software Technologies, Kaunas, Lithuania,
Kaunas University of Technology (pp. 101-107). Kaunas: Technologija.

Research on Education and Media | V | N. 2 | December 2013

Bittencourt, I. I., Costa, E., Silva, M., & Soares, E. (2009). A computational model for developing semantic web-based educational systems. Knowledge-Based Systems, 22(4),
302-315.
Bunkar, K., Singh, U. K., Pandya, B., & Bunkar, R. (2012). Data mining: Prediction for performance improvement of graduate students using classification. In Wireless and Optical Communications Networks (WOCN), 2012 Ninth International Conference on (pp.
1-5). IEEE.
Cañadas G, Fernández-López M, García-García R, Lama M, Sánchez-Alberca A, Sorzano
COS (2004). Framework for automatic generation of ontology mappings. In: Dieste O
(ed.), Jornadas Iberoamericanas de Ingeniería del Software e Ingeniería del Conocimiento (JIISIC’04). Madrid, Spain
Clarke, T. (2013). The Advance of the MOOCs (Massive Open Online Courses): The Impending Globalisation of Business Education? Education and Training, 55(4/5), 6-6.
Clow, D. (2013). MOOCs and the funnel of participation. In Proceedings of the Third International Conference on Learning Analytics and Knowledge (pp. 185-189). ACM.
Dejaeger, K., Goethals, F., Giangreco, A., Mola, L., & Baesens, B. (2012). Gaining insight
into student satisfaction using comprehensible data mining techniques. European
Journal of Operational Research, 218(2), 548-562.
d’Aquin, M., Kronberger, G., & Suárez-Figueroa, M. (2012). Combining data mining and
ontology engineering to enrich ontologies and linked data. In Proceedings of the
Knowledge Discovery and Data Mining Meet Linked Open Data (Know@ LOD) at the
Extended Semantic Web Conference (ESWC).
de Bruijn, J., Ehrig, M., Feier, C., Martin-Recuerda, F., Scharffe, F., & Weiten, M. (2006).
Ontology mediation, merging and aligning. Semantic web technologies, 95-113.
Fernández-Breis, J. T., Castellanos-Nieves, D., Hernández-Franco, J., Soler-Segovia, C., Robles-Redondo, M. D. C., González-Martínez, R., & Prendes-Espinosa, M. P. (2012). A semantic platform for the management of the educative curriculum. Expert Systems
with Applications, 39(5), 6011-6019.
Franzoni, A. L., Assar, S., Defude, B., & Rojas, J. (2008). Student Learning Styles Adaptation
Method Based on Teaching Strategies and Electronic Media. In Proceedings of the
2008 Eighth IEEE International Conference on Advanced Learning Technologies (pp.
778-782). IEEE Computer Society.
Frias-Martinez, E., Chen, S. Y., & Liu, X. (2006). Survey of data mining approaches to user
modeling for adaptive hypermedia. Systems, Man, and Cybernetics, Part C: Applications and Reviews, IEEE Transactions on, 36(6), 734-749.
Gaeta, M., Orciuoli, F., & Ritrovato, P. (2009). Advanced ontology management system for
personalised e-Learning. Knowledge-Based Systems, 22(4), 292-301.
Glaser, R. (1977). Adaptive education: Individual diversity and learning. New York: Holt,
Rinehart and Winston.
Gruber, T. R. (1995). Toward principles for the design of ontologies used for knowledge
sharing? International journal of human-computer studies, 43(5), 907-928.
Hall, M., Frank, E., Holmes, G., Pfahringer, B., Reutemann, P., & Witten, I. H. (2009). The WEKA
data mining software: an update. ACM SIGKDD Explorations Newsletter, 11(1), 10-18.
Hershkovitz, A., & Nachmias, R.(2008). Developing a Log-based Motivation Measuring
Tool. In Proceedings of Educational Data Mining, 5, 226-233.
Khan I, Verma, B., & Jain. A (2011). Secure and Intelligent Decision Making in Semantic
Web Mining, International Journal of Computer Applications, 15, 14-18.
Kiyavitskaya, N., Zeni, N., Mich, L., Cordy, J. R., & Mylopoulos, J. (2006). Text mining
through semi automatic semantic annotation. In Practical Aspects of Knowledge Management (pp. 143-154). Springer Berlin Heidelberg.
Klašnja-Milićević, A., Vesin, B., Ivanović, M., & Budimac, Z. (2011). E-Learning personalization based on hybrid recommendation strategy and learning style identification. Computers & Education, 56(3), 885-899.
Giuseppina Rita Mangione | Francesco Orciuoli
Antonio Granito | Pierluigi Ritrovato

67

68

Kolowich, S. (2013). The Professors behind the MOOC Hype. Chronicle of Higher Education.
Retrived from http://chronicle.com/article/The-Professors-Behind-the-MOOC/137905
/#id=overview
Yuan, L., Powell, S., (2013). MOOCs and Open Education: Implications for Higher Education. CETIS, 21, 2013.
Landis J.R, Koch G. (1977) The Measurement of Observer Agreement for Categorical Data.
International Biometric Society, 159-174.
Liyanagunawardena, T. R., Adams, A. A., & Williams, S. A. (2013). MOOCs: A systematic
study of the published literature 2008-2012. The International Review of Research in
Open and Distance Learning, 14(3), 202-227.
Mangione, G. (2013a). L’Università che cambia. Tecnologie emergenti e prospettive educative. San Cesario di Lecce: Pensa.
Mangione, G. (2013b). Istruzione adattiva: approcci, tecniche e tecnologie. San Cesario
di Lecce: Pensa.
Mustapaşa, O., Karahoca, A., Karahoca, D., & Uzunboylu, H. (2011). “Hello world”, web
mining for e-learning. Procedia Computer Science, 3, 1381-1387.
Noy, N. F. (2004). Semantic integration: a survey of ontology-based approaches. ACM Sigmod Record, 33(4), 65-70.
Park, O. C., & Lee, J. (2003). Adaptive instructional systems. Educational Technology Research and Development, 25, 651-684.
Roy, D., Sarkar, S., & Ghose, S. (2009). A personalized information retrieval module for retrieving learning materials. In Technology for Education, 2009. T4E’09. International
Workshop on (pp. 68-74). IEEE.
Romero, C., & Ventura, S. (2010). Educational data mining: a review of the state of the
art. Systems, Man, and Cybernetics, Part C: Applications and Reviews, IEEE Transactions on, 40(6), 601-618.
Romero, C., & Ventura, S. (2013). Data mining in education. Wiley Interdisciplinary Reviews: Data Mining and Knowledge Discovery, 3(1), 12-27.
Sampson, D., Karagiannidis, C., & Kinshuk, D. (2010). Personalised learning: educational,
technological and standarisation perspective. Digital Education Review, (4), 24-39.
Signore, O. (2013, Luglio) w3c. [Online]. http://www.w3c.it/papers/wsb08.pdf
Szilagyi, I., & Roxin, I. (2012). Learner Ontology for the Active Semantic Learning System.
In Advanced Learning Technologies (ICALT), 2012 IEEE 12th International Conference
on (pp. 393-394). IEEE.
Thrift, N. (2013). To MOOC or not to MOOC. Chronicle of Higher Education. Retrieved.
From http://chronicle.com/blogs/worldwise/to-mooc-or-not-to-mooc/31721
Vogt, F. & Rogalla, M. (2009). Developing Adaptive Teaching Competency through coaching. Teaching and Teacher Education, 25 (8), 1051-1060.
Wang, X. J., Zhang, L., Jing, F., & Ma, W. Y. (2006, May). Image annotation using search
and mining technologies. In Proceedings of the 15th international conference on World
Wide Web (pp. 1045-1046). ACM.
Williams, J. J. (2013, June). Improving learning in MOOCs with Cognitive Science. In AIED
2013 Workshops Proceedings Volume (p. 49).
Xu, F., Kurz, D., Piskorski, J., & Schmeier, S. (2002). A Domain Adaptive Approach to Automatic
Acquisition of Domain Relevant Terms and their Relations with Bootstrapping. In Proc. of
the third international conference on language resources and evaluation LREC. Retrived
from http://www.piskorski.waw.pl/papers/LREC_TermExtraction_final.pdf
Zhao, R., & Zhang, C. (2009). An ontology-based knowledge management approach for
e-learning system. In Management and Service Science, 2009. MASS’09. International
Conference on (pp. 1-4). IEEE.
Zouaq, A., & Nkambou, R. (2009). Enhancing learning objects with an ontology-based
memory. Knowledge and Data Engineering, IEEE Transactions on, 21(6), 881-893.

Research on Education and Media | V | N. 2 | December 2013

Massification and
personalization,
the apparent antinomy
of the MOOCs
Graziano Cecchinato

Università degli Studi di Padova - Italy
graziano.cecchinato@unipd.it

KEYWORDS: MOOCs; Personalization; Intelligent Tutoring System; Khan Academy;
Coursera.

© Pensa MultiMedia Editore srl
ISSN 2037-0830 (print)
ISSN 2037-0849 (on line)

abstract

Massive Open Online Courses (MOOCs) rather than standardize and make impersonal the learning experience, as one might superficially believe, represent an extraordinary context to validate original personalized learning strategies. The
tracking of interactions produced by massive learning communities enables the
crowdsourcing and offers new features based on models of probabilistic analysis.
These perspectives are analyzed through functionalities and trials in two of the
most important MOOCs providers: Khan Academy and Coursera.
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The creation of a learning environment adaptable to the specific needs of each
student has been a central goal of educational technology since the beginning
of the mass education process. The pursuing of this goal, between the engineering and educational vision, not always has produced a cross-fertilization, which
is an essential component for interdisciplinary areas (Rossi, 2012), but it is undeniable that the research field has been influenced by developments of both
domains. Along with the spread of tools for personal use (PC and personal productivity software), which led the computer science in the past decades, in the
educational area we have witnessed to the development of tutoring systems
which, based on the promises of the AI, have tried to reproduce synthetically
the experience of a human tutor alongside the student. The theoretical limitations, even before technological ones, of this approach began to become clear
around the 90’s of the last century when the educational research has provided
rich insights into the importance of the social dimension of learning as well as
the emotional (motivation, self-regulation, self-perception) and contextual (situated-, active-, peer-learning) components. It is not a coincidence that during
the same years the development of digital technologies were no longer led by
the needs for personal productivity, but by social networking needs with the development of information, communication, collaboration and participation tools.
Whenever these developments have been ignored in the field of educational
technology, following a monadic, atomistic and individual view about learning,
researchers have encountered the insuperable ontological and reusability issues
of the Learning Objects, or the low level of theoretical consistence for Personal
Learning Environments. Today there are new more consistent paths that leverage
the new social dimension emerging from the global interconnection.

1. Massification and personalization

It may seem paradoxical, but today the most promising prospects for tutoring
and personalization come from the biggest process of massification of learning,
as we are witnessing with the rise of MOOCs (Aoki, 2013). Theorized on connectivism since 2008 by Stephen Downes and George Siemens (Downes, 2008;
Siemens, 2008) MOOCs have been readapted by enterprising professors from
accredited universities in order to give a free access to their courses worldwide.
Lecturers and involved universities reputation has attracted an instant huge interest. In 2011, the forerunner course on “Artificial Intelligence” conducted by
Sebastian Thrun and Peter Norvig of Stanford University reported 160,000 students from 190 countries. The success has given rise to startup as Udacity, Coursera, edX that now offer hundreds of courses with tens of thousands of students
through agreements with the most prestigious universities (Jordan, 2013).
It is appropriate to consider the reasons behind this success. The initiative OpenCourseWare has freely posted video lessons of entire syllabus at MIT since 2001.
Although universally appreciated, it has not had the same impact of MOOCs. An
element of discontinuity is found in the strategies of students involvement (Feld-

Research on Education and Media | V | N. 2 | December 2013

stein, 2013) .MOOCs are not a collection of open educational resources, but online courses to all intents. If you want to attend them you must perform specific
tasks with deadlines to meet, but on the other side they offer you the opportunity to be part of a global community created on specific interests of learning.
The ability to create an engaging and effective online community with tens of
thousands of students is the keystone and at the same time the challenge that
are facing MOOCs. The adopted strategy consists in personalization, understood
as not an adapting of the technology at the paces, at the times and at the styles
of each student, nor the student’s self-determination of the processes and contents, but as an experience of personal involvement that enhances the participation of each student to the success of the course (Norvig, 2012; Koller, 2012;
Duneier, 2012).
To create this experience in an online course with tens of thousands of students
MOOCs transform the problem in the resource. It digs in the enormous wealth of
data produced by the tracking the interactions and relies on the mechanisms of
crowdsourcing. The analysis of data to customize learning has always driven the
development of the ITS (Woolf, 2009), but the rise of MOOCs has dramatically
changed the width of the available data (Weld et al., 2012), and when the order
of magnitude of an entity changes, also the mechanisms that it produces change
(Anderson, 1972). The dynamics of collective intelligence (Lévy, 1996) and of wisdom of crowds (Surowiecki, 2007) have created a whole new ecosystem in MOOCs.
Let’s see how these strategies are implemented by two of the most successful
providers: Khan Academy and Coursera. We are dealing with two different environments: the first relating to K12 education adopts an asynchronous strategy,
the second is aimed to higher education with a synchronous development of the
courses.

2. Khan Academy

The idea of an hedge fund analyst to video record himself to maintain his commitment to help his cousin with maths despite the transfer to another city, has
become in a few years the most popular online learning environment (Sahlman
& Kind, 2011). What turned disposable videos into a site with 6 million unique
users per month has originally been the crowd of YouTube users (Davies, 2012).
It currently offers over 4,200 video lessons and is implementing original functionalities thanks to funding from investors like Google and Bill Gates.
2.1 Personalization strategies

The factor that has determined its popularity lies in the multiple elements that
allow to live the Khan Academy experience as highly personal:
– the free access, considered not simply free of charge, but as an environment
freely available. The whole set of resources is available and the access is immediate to each of them without fixed routes or other limitations;
– the structuring of large disciplinary areas in hundreds of short, self-consistent
and strongly interconnected video lessons. This creates a network that pro-
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vides both the ability to deal with specific issues and to be oriented in organic
paths;
– the video lessons last about 10 minutes. Originally this was YouTube upper
limit. Today it is intentionally adopted by all providers also in higher education
to keep the attention and to modularize the topics (Sahlman & Kind, 2011);
– the communicative style of the video lessons is not teacher-in-classroom like,
but tutor-alongside-students like. The videos are not lectures, but informal
talks, which seem improvised and may contain mistakes and variations, just
as it happens when you explain something to a friend (Davies, 2012);
– the integration of video lessons with exercises allows the student to get immediate feedback of the achieved skill on topics. It is an effective tutoring
strategy that permeates the whole environment and activates mastery learning (Glance, Forsey & Riley, 2013);
– the personal profile provides the evidence of the activities, achievements,
acquired skills and goals. Each activity is recorded by the award of badges
that not only testify the achievement of disciplinary skills, but also social interactions activities, such as participation to forums.
This isn’t a complete list of the capabilities of the Khan Academy, it is intended
only to highlight the main issues related to personalization.
2.2 Learning analytics

The functions described above are tested and recursively improved by using the
huge database produced while tracing the interactions. The learning analytics system tracks the video lessons views, the exercises performance, the mistakes, the
contributions in the forums, etc. It allows to infer useful information for personalization, such as the propensity to explore resources freely or in suggested route,
the ability to support the quiz without displaying the video lessons, the abuse of
suggestions in tests, and the forum collaboration (Muñoz-Merino et al., 2013).
These analyzes allow the implementation of personalization strategies as well as
the overall improvement of the functions. A significant example of the potentialities of learning analytics comes from the analysis of the evolution of the algorithm
developed for determining the proficiency, documented by an internal (Hu, 2011).
Originally, the test for determining whether a user reached the proficiency in a
given domain was to answer a strip of 10 exercises in succession correctly (performance shown as streak). A rudimentary mechanism that has produced multiple
cases of positive and negative falses. We can easily understand that it is not the
same thing getting a streak correct at first attempt or after endless tests. Moreover,
it is very frustrating to have to repeat a streak for committing a trivial typo in the
last exercise. Defining competency as the probability above a certain threshold to
respond correctly to the nth exercise and using logistic regression, has come to
implement a more reliable model engaging students in a smaller number of exercises. It is just an example but it let us guess how probabilistic models can be applied and refined recursively, using the interactions analysis.
It should be noted, however, that what seen has to be referred to the functionalities of an innovative online tutoring environment. Another matter is to consider Khan Academy as the school of the future (Khan, 2011), in fact we do not
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share this analysis since a large part of its popularity stems from its being functional to the school as it is today (Noschese, 2011). Anyway, this is not calling
into question its value as a whole, but allows us to frame it in a more appropriate
educational perspective, such as the flipped classroom, where it can be a resource (autore, 2012).

3. Coursera

Coursera is a spin-off of Stanford University leading provider of MOOCs in higher
education. Unlike Khan Academy Coursera uses a synchronous mode with the
scheduling of courses in which cohorts of students progress through the curriculum in lockstep (Koller, 2012). This limits the free availability of resources, but
fosters the development of communities on which Coursera aims to produce
personalized learning experience. The free access to the courses taught by lecturers from the most prestigious university attracts students from all over the
world, establishing heterogeneous communities for culture, approach to the
study, formae mentis, but also cohesive in the interest of specific disciplines.
Here it is an analysis of some of the strategies adopted by Coursera to turn the
crowd into an effective learning community (Wenger, 1998).
3.1 Forum

The discussion forums have played an important role in the constructivist mold
e-learning and are a basic element of LMSs for the development of a sense of
belonging to a learning community (Garrison, Anderson, & Archer, 2001). Even
in Coursera the discussion forums represent an essential tool for participation
and comparison, but a crowd of tens of thousands of students cannot communicate with the same dynamics of the usual LMSs. The discussion forums then
are reinvented with crowdsourcing, probabilistic analysis, reputation systems
and solutions based on the new context.
Here are some elements:
– the definition of specific topics such as the video lessons, assignments, some
problematic aspects of the course contents, etc. This approach fosters an orderly development of discussions and minimizes the proliferation of threads
on the same topics;
– the check on the contents of the posts before sending. A process based on
textual analysis controls the subject of a new post and displays links to
threads or posts that deal with the same subject, before typing the text of
the post;
– an easy voting system (thumb up or down) relies on the crowd for assessing
the significance of the post. The system brings on the top the related threads
and posts and relegates to the bottom those considered less significant;
– a structured and progressive set of badges (bronze, silver, gold, diamond) for
each activity in the discussion forum such as read posts, reply, vote, start a
thread, receive votes, which strongly encourages virtuous behaviors of participation, cooperation and support. It is an efficient system of reputation,

Graziano Cecchinato

73

74

always visible next to the name of each student and that weighs on everything that concerns him, including opportunities for future employment.
If you attend some courses you can easily check how these seemingly simple
mechanisms make the comparison between thousands of students in a discussion forum often more ergonomic and productive than the far less populated
ones in traditional LMSs. It has been calculated that the average time in which it
is possible to get feedback from other students in the main Coursera classes is
22 minutes (Koller, 2012): a data barely comparable with data of the usual online
courses and which highlight the potential of MOOCs even compared to face to
face courses. Meaningful are also the comments about how a MOOC can be lived
as a personalized experience. In 2011, one of Sebastian Thrun’s and Peter
Norvig’s students of the course “Introduction to Artificial Intelligence” on Udacity
wrote: “This class felt like sitting in a bar with a really smart friend who’s explaining something you haven’t grasped, but are about to.” (Norvig, 2012). In the
course “Introduction to Sociology” conducted by Mitchell Duneier on Coursera
two students wrote: “It has been an incredible experience for me, one that has
not only taught me sociology, but the ways in which other cultures think, feel
and respond. I have many new ‘friends’ via this class. ...” and again “It started as
intellectual activity but it’s ending in an indescribable emotional relationship
with all my classmates.” (Duneier, 2012)
It should be noted also how this context constitutes the ideal environment to
experiment with new features. For instance, an algorithm to assign different
weights to the votes according to students’ different reputation, to make more
effective the evaluation system, can be easily tested and recursively improved
using subsets of their enormous dataset. Even for the purely technological aspects, the Software as a Service (SaaS) model of MOOCs shows significant advantages over conventional LMSs. In the former, the experimentation is intrinsic,
in the latter, the development of the software, the deployment and the upgrades
of the various instances seem no longer sustainable processes.
This matter is no longer considered, regarding the feedback that a teacher can
receive on his/her course from a global cohort, that certainly deserves to be considered, but that is beyond the aims of this contribution.
3.2 Peer-assessment

To provide feedback on assignments in a MOOC is a challenge that cannot be
sustained with a traditional approach. Up to now the majority of MOOCs have
adopted structured tests because they allow an automatic assessment, but not
all the knowledge can be automatically evaluated with a multiple-choice quiz.
The ability to formulate mathematical proofs, develop projects, and produce essays requires open-ended evaluation tools. To meet this need Coursera is experiencing promising models of peer-assessment. Previous studies suggest that
when properly managed, for example by defining a clear rubric, the peer-assessment has a extremely high correlation with teacher-assigned grades. (Sadler &
Good, 2006). It is widely known, however, that the peer assessment has several
issues, such as the reliability with which it is carried out, the possible idiosyncrasies among peers, and the effort that is put into it. In MOOCs also occur other
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critical aspects, such as language barriers, cultural differences and large differences in the student’s involvement (Weld et al., 2012). However, crowdsourcing
is a valuable resource also in this area, enabling the development of probabilistic
models that can validate peer-assessment processes. Coursera has experienced
a statistical model that uses the assessment of only four classmates to grade a
student’s submissions. An analysis of Piech’s work and his colleagues (Piech et
al., 2013) attests the validity of the implemented methodology. To involve students in the peer-assessment process it was communicated that with the evaluation of five classmates assignments, each student would have obtained his own
assessment. Among these, there were few assignments produced and evaluated
by the teachers’ staff, unrecognizable for students. These assignments cover the
entire grading scale and are assigned to a large students’ sample generated by
using variables on previous activities that indicate their prior engagement, proficiency and previous reliability. Other variables come into play in the process of
peer-assessment, even recursively, to take into account for each student the time
spent for grading, the grade of evaluators, and of the evaluated people. In this
way a peer-grading network is generated, allowing the estimate of the reliability
of each student and the application of models to compensate idiosyncrasies and
determine who grade whom. The results have attested the high statistical reliability of the model and have demonstrated that even in MOOCs with tens of
thousands of students it is possible to use crowdsourcing to provide a reliable
and accurate assessment on open-ended assignments with an acceptable workload distributed among students.
3.3 Career Services

The analysis of the data to make correlations between the various activities carried out by the students is proving to be very promising also in the context of
job placement. For instance, the correlation between the data relating to the
discussion forums with those of the assessment has indicated as the former has
been predictive for the academic success (Young, 2012). The learning analytics
allows to identify soft-skills such as communication skills, the ability to work in
team and the willingness to help that may be associated to specific job profiles,
useful to employers. Beyond the issues related to privacy, that dramatically
emerge, there is no doubt of the importance of this aspect of personalization,
which may become a model of income for MOOCs as attested by the agreements
by Udacity and Coursera with some major companies.

Conclusion

While courses with hundreds or thousands of students bring into crisis the learning action within traditional universities, the participation of tens or hundreds
of thousands of students in MOOCs generates new strategies to improve the
learning processes. More than cost reduction or democratization of education,
the possibility of “involve the crowds” may become the disruptive factor of
MOOCs. Their success undermines the widespread opinion that considers online
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learning impersonal, standardized and of little value, fielding strategies that do
not reproduce and are not reproducible in traditional contexts.
It’s too early to understand whether MOOCs can be only a marketing strategy
for those universities which are promoting them, or if they can be a real competitive challenge. In any case it’s reasonable to expect some development in
the field of globalization of learning contexts. An interesting challenge would be
to involve the crowd to generate knowledge, rather than to spread predefined
content by lecturers, recovering the original aim of connectivist MOOCs (Downes,
2008; Siemens, 2008). Other important developments may come from MOOCs
“independents” favored by free access providers that might find in the global interconnection and in crowdsourcing new mechanisms of social reputation. All
of this represents an exciting field of research that promises developments.
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abstract

This work aims to provide a tool for measuring the relationship among teachers,
students and new technologies in the classroom. More precisely, we think that
we could find out some indicators of teacher’s and student’s activity with technologies. These indicators are space and time.
Technologies in the classroom are modifying space and time management in
teachers’ experience? And how? And is there any relationship among this modification, teaching quality and learning performances? How to measure space and
time of teacher’s utilization of technology in the classroom?
This paper describes the design and the development of a software aimed to
quantify teacher’s (or students’) movements, for identifying recurrent patterns
associated to some action types.
The software was developed as part of the MOTUS project. The aim of MOTUS
(MOnitoring Tablet Utilization in School) Project, involving 12 primary and secondary schools in the Northern and Mid part of Italy, is to provide teachers’ training and evaluation in schools, choosing to implement tablets in the classrooms
according to a “one-to-one” way of utilization. So we decided to name MOTUS
also the software we developed for enabling Microsoft Kinect technology to allow
us the measurements we have to do in our research.
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1. Research landscape and aims

82

In the last years, in Italy, we’ve assisted to a very huge process of technology implementation in the schools. This process aimed to produce innovation in teachers’
practices and bridging the gap between school tradition and youngsters cultures.
This gap is really evident: teachers are still confident with handbooks and frontal
lessons, old ways for assessing students, the importance of contents and their
transmission; on the other side, learning styles of the pupils changed, and so did
their motivation and attention in the classroom. The idea that bringing new technologies in the classrooms could provide this miracle (re-newing school, re-animating students) is quite common; unfortunately it is not so evidence-prooved.
Are we really sure that technology could make better everything? Should teachers
be able to manage it, managing their students too? And is it really true that pupils
are becoming more attentive and motivate if they work with new technologies?
This article aim is to provide a tool for measuring the relationship among teachers,
students and new technologies in the classroom. More precisely, we think that we
could find out some indicators of teacher’s and student’s activity with technologies.
These indicators are space and time. Technologies in the classroom are modifying
space and time management in teachers’ experience? And how? And is there any
relationship among this modification, teaching quality and learning performances?

2. The body and the machine: reinventing Kinect
technology

In the last years we’ve had a wide spread of tools implementing natural interfaces:
accellerometers, gyroscopes, touch screen era nowadays embedded in a lot of devices (tablets, smart-phones, notebooks, etc.) so that is really difficult to detect their
presence in our ordinary activities. The field in which this trend seems to be more
evident is videogaming. All new game consoles use indeed motor sensors of different
nature; all these technologies are not so expensive and created for a target of youngsters. Some of these systems are devices like Sony Eye Toy, Wiimote remote controllers (known as Nunchuck), PlayStation Move and Microsoft Kinect. All of them
allow the user to interact with virtual scenarios and seem to have important educative potentialities thanks to the high degree of cognitive immersion they provide to
the people who’s interacting with them. The main flaw of most of these systems is
that often they allow to observe a movement only from a specific perspective but
not to identify body segments executing it. Kinect, originally developed by Microsoft
in the field of video-playful technologies, is different: in fact it is able to notice and
identify different body segments in a non-invasive way. This feature is what we found
useful for the research about which we’re talking about in this article. Moreover, the
cost and portability of this system would help its introduction in schools for preventive as well as teaching-learning purposes, with particular attention to primary
schools (Di Tore et al, 2012): the cheapness and the portability of the system make
it particularly adapt for an implementation in schools for didactic aims.
According to these technical aspects, it’s clear how the use of Kinect as a device
for the acquisition of data concerning to subjects’ movement could be compliant
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with the aims of our research. If our problem is measuring space and time of
teacher’s utilization of technology in the classroom, Kinect could help us. Let’s
introduce in a more detailed way the features of this system.
Kinect has an infrared video-cam and an infrared emitter allowing it to obtain a
“depth map” based on a gray scale related to the surrounding environment. The
system also has a RGB camera and a microphones array, on both sides of the
tool, for identifying color images, sounds and information about the environment
outside. The device can measure distances with 1 cm of precision in two meters
of distance. Kinect can be used together with a software for body tracking and
it runs on a common PC or with the game console “Microsoft XBOX 360”. Figure
1 provides an outline of the system in all its parts.
3d depth
sensor

RGB
camera

3d depth
sensor

Multi-array mic

Picture 1 – Kinect frontal vision

The Kinect SDK takes data coming from the Kinect camera and performs a
process called “skeletonization”. It detects individual users who are within view
of the camera and then tracks the positions of their bodies as a series of joints
in space. At the present state of development, Kinect is able to identify 20 body
segments, as illustrated in Figure 2.

Picture 2 – Body segments identified by Kinect
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It’s important to note that Kinect, which is a NUI-ready device, doesn’t represent
an invasive tool.
“The term natural user interface (NUI) is the common phrasing used by designers
and developers of computer interfaces to refer to a user interface that is effectively invisible or becomes invisible with successive learned interactions to its
users.” (Tomi & Rambli, 2011)
This is very important when the research field is the classroom: videocameras
and other uncumbering tools could in fact disturbe and alter the setting, conditioning data collection and the ouctomes of the research. In the case of Kinect,
data concerning the identification of the subject and the position of body segments are deduced by the system itself. This is possible thanks to algorithms of
analysis working on the data already collected by the infrared cam and RGB camera. And these cameras are so little and thin that it is possible to put them on a
desk without any evident alteration of the setting. The system allows also some
interactive forms in a tridimensional space and it permits to identify the subjects
movements in a range of about 3,5 meters.

3. MOTUS: from schools to the Software

MOTUS (MOnitoring Tablet Utilization in School) is the name given by CREMIT
(the Centre of Research of the Catholic University on Milan about Education, Media, technology and Information) to a project developed during the last school
year (2012-2013). The aim of the Project, involving 12 primary and secondary
schools in the Northern and Mid part of Italy1, was to provide teachers’ training
and evaluation in schools, choosing to implement tablets in the classrooms according to a “one-to-one” way of utilization. These schools will be the field into
which, during this school year (2013-2014), we’re going to test Kinect devices
according to the aims above presented. So we decided to name MOTUS also the
software we developed for enabling Kinect technology to allow us the measurements we have to do in our research.
Based on Kinect technology, MOTUS software – so far achieved – allows to quantify teacher’s (or students’) movements, for identifying recurrent patterns associated to some action types. The software takes as input the data from Kinect,
identifies the user’s center of gravity and follows the movements of this center
of gravity (and, optionally, of other body segments such as the head and wrists,
up to all of those shown in figure 2).The software is essentially composed of two
modules.
The recording module converts Kinect inputs to images in JPG format and records
them on the hard drive with user-selectable resolution and frame rate according
to estimated recording time. Default settings range from a 12 fps framerate up
to 30 fps, with resolutions ranging from 320x240 up to 1600x1200 pixels.
The color depth is at most of 16 bits, according to the characteristics of Kinect

1

The Project is going to be extended, during the school year 2013-2014, in other parts of the
country (Macerata, in the Mid-East part, Salerno in the South).
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RGB camera. The user, in this way, is able to select the framerate / resolution ratio, according to a ratio between hardware resources and time of recording.At
the same time the software writes, for each frame, in an xml file the frame ID,
the teacher center of gravity (x, y, z), and the reference to the corresponding JPG
image. The choice if record still JPG images rather than a video stream is driven
by technical and ergonomic considerations: first, Kinect does not send a video
stream, but a series of images secondly, this solution enables a perfect synchronization during playback, without involving the addition of metadata or cuepoints
in the video, allowing the adoption of standard formats; third, the adoption of
XML allows data analysis independently from the images and the software itself,
enabling the data processing with SPSS or MS Excel; finally, the adoption of XML
allows the insertion of arbitrary data by the analyst, syncing them natively, as
will be shown by presenting the tagging module.
The second module allows recording playback and tagging activity based on the
categories outlined above.
The player reads the XML file, obtains and displays the image sequence and the
teacher’s center of gravity position for each image, displays a graph with the evolution of the movement on the x, y and zaxes, and allows to assign a sequence
of frames to one or more categories, including those set out above, by enabling
or disabling the button (tagging). The alpha version currently in development
will provide for customizing tagging categories, allowing the operator to enrich
or modify categories database. At the present the category set is obtained by
crossing the two main teacher’s postures in the classroom (sitting, standing) with
Gardner’s Multiple Intelligences Framework as it has been adapted to technology
use by McKenzie (2005). For istance, it could be interesting verify if, while he is
speaking (verbal), teacher is more sitting or standing; or matching sitting activities with the main use of some intelligences. Tagging is what could be done by
the researcher while in the classroom he is observing real time teacher’s activity,
or after the lesson, watching the video made thanks to Kinect during the lesson.
The images recording system looks absolutely transparent to the operator both
in the process of recording and during playback and does not present significant
differences compared to a normal video stream.The development environment
choice has been mainly focused on Adobe FlashBuilder IDE: the reason why is
that in designing time it was planned to release a RIA version (Rich Internet Application).We should, however, specify that some functions (in particular those
that require quick access to the disk) have been developed with ad hoc micromodules developed in C #, or C++, called up and managed by the Air feature for
native processes. This, at the time, restricts the use of the application to Windows environment only. This limit is not at present the only problem of portability: the drivers for Kinect officially released by Microsoft are available only for
Windows 7. It is currently in testing a version for MAC / Linux that uses OpenNI
drivers for Kinect and a Javaporting of C# module. The management of Kinect
by the software is possible through the use of a ANE library (Adobe Natural Extension) developed by NUIgroup and available in the Air Kinect framework. This
library can use either the official drivers from Microsoft or the OpenNI drivers
(available for Mac and Linux). This flexibility, among other things, was the basis
for choosing FlashBuider as IDE and Air as a delivery platform, allowing to develop cross-platform applications natively.
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Picture 3 shows a screenshot of player application, while tagging form is loaded.
The box in the top left shows the captured video (Picture 4). The box in the upper
right (Picture 5) shows the user’s center of gravity in a 2d projection. The box in
the lower left corner (Picture 6) shows a graph representing the trend of the center of gravity on the x and y axes. The box in the lower right corner contains the
tagging form (Picture 7).
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Picture 3 – Player interface screenshot while tagging is loaded

Picture 4 – RGB camera output
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Picture 5 – Speaker’s center of gravity

Picture 6 – X and Y pos graph

Picture 7 – Tagging panel interface
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The current developmental stage (the software, as we already wrote, is in alpha
version) allows us to highlight some outcomes of the research, pointing out the
developments we have to provide in the near future.
Referring to the outcomes:
– the Kinect choice seems to be good, both for the very cheap cost and for its
technical characteristics;
– the alpha version of MOTUS software, even if it has to be developed and get
better, allowed us some tests during workshops and lessons through which
we knew what lacks and what we have still to do;
– tests in ordinary settings demonstrated to us that Kinect technology is really
invisible; this could encourage us thinking to a more stressing validation in
the next school year.
It’s clear that we have to imagine some developments too. More precisely:
– we’ve to provide intensive application tests, in order to collect large amounts
of data. At the moment, in fact, there is a lack of a standard. We don’t know
how is (or could be) a good teacher performance with technology in the classroom: if it has to sit, or to stand; when and how long time he has to act in a
way or in another one. This kind of considerations should be possible only in
the case we have already observed a lot of school situations, that is to build
up a standard. These standards could allow almost two outcomes: (1) an automatic categorization; (2) a pattern recognition, both relatively to each single
teacher both in relation to the totality of the measurements;
– we’ve to work on the interface. It has to be more user friendly, so that it could
be possible to use it without problems even for a low-tech teacher;
– the categories set has to be stressed. We don’t know if McKenzie (2005)
framework is really what we need for our research. May be that, testing MOTUS in the classrooms, we will find some others more convincing categories
or that, otherwise, the best choice should be that of letting everyone could
choose its own categories;
– we need an effective visual representation of the whole movement developed by the teacher during his/her activity. The hypothesis, at the moment,
is to work on the cloud made of all the gravity points, or on tridimensional
figures made connecting the gravity points themselves. The shift of the cloud
(or of the figures) in relation with the standard we’ll be able to determine
could provide to the researcher a visual representation facilitating his/her
evaluation activity.
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abstract

Inclusion aims to change the traditional educational view, typically based on the
“specialised answer to special needs” (focus on disables pupils), into an “ordinary
answer to the needs of all”. The social model of disability and empowerment constructs consider the disabled pupils and their families to be at the centre of all
decision-making processes. Evidently, school plays a key role in facilitating both
the inclusion processes and the individualization and personalisation of learning,
at the same time providing educational answers and teaching methods in line
with the educational mission of “our” society. In this framework, the paper describes the research Screening on learning to learn: inclusive educational approaches to supporting study methods in Primary School carried out at the
Department of Education, University of Bologna, in cooperation with the Regional
Schools Department of Emilia Romagna (Ufficio Scolastico Regionale ER). The research aims firstly to recognise and identify the educational needs of the primary
school classes involved (Bologna, Ferrara, Forlì) and, secondly, to test and disseminate ICT practices, strategies and methods which can concretely support the
teaching and learning processes.
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In fact school should be from the beginning the first battle which
a child fights for himself, without us; from the beginning it should
be clear that this is his battlefield and that we can give him only
very slight and occasional help there. And if he suffers from injustice there or is misunderstood it is necessary to let him see that
there is nothing strange about this, because in life we have to expect to be constantly misunderstood and misinterpreted, and to
be victims of injustice: and the only thing that matters is that we
do not commit injustices ourselves (Ginzburg, 1960).
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Introduction

1

The research-action project “Screening and training on learning to study. Inclusive educational approaches to skills and study methods” promoted by the Inclusion and Technologies laboratory (LAB-INT2) at the “G.M. Bertin” Department
of Educational Science of the University of Bologna, with the collaboration of the
Regional Schools Department of Emilia-Romagna, focuses on the recognition and
identification of educational needs of classes with a so-called “high degree of
complexity” in the Emilia-Romagna region.
Classes with a “high degree of complexity” refers to classes with a large number
of pupils, including a high percentage of pupils with disabilities, pupils with learning disabilities, pupils undergoing certification and/or for whom diagnosis is not
clear, or again pupils in situations of socio-cultural and economic poverty, or
pupils from disadvantaged and/or migrant families.
For some time modern society has been marked by profound and rapid transformations affecting all contexts: the education system has also been affected
by these changes, and today “doing school” means being able to relate the complexity of new learning methods with new teaching methods (Frabboni & Giovannini, 2009). Complexity therefore becomes a synonym of heterogeneity which
can be found in both micro-contexts (among pupils, in the class, in the school)
and in macro contexts (society).
Some scholars have noted how in Emilia-Romagna the classes are “overcrowded”,
often very complex and with a higher percentage of foreign students than in other geographical areas of Italy, yet with a study programme that continues to be
very “rich” and of “high quality” (Cerini et al., 2007).
We should in fact note that the presence of migrants in this region is significantly
higher than the Italian national average (Caldin, 2012). Moreover, the increased heterogeneity of the classes is also the result of an overall increase in pupils with disabilities, the incidence of which tends to increase above all in state schools. The
presence of disabled pupils in state schools is an indicator of the level of inclusion
1

2

This contribution, fully shared by the three authors, was drawn up as follows: paragraphs “Introduction” and “Conclusion” by Roberta Caldin; paragraphs “Theoretical Framework” and “The
impact of teaching actions on pupils, teachers and parents” by Alessia Cinotti and paragraphs
“Methodology”, “ICT to enhance the teaching and learning methods” and “References” by Luca
Ferrari.
http://www2.scform.unibo.it/Lab-Int/Index.htm
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of the education system, and as Stainback and Stainback (1990) stated, inclusion is
an existential method, an ethical imperative, a basic right that nobody has to earn;
consequently, we do not have to demonstrate the pedagogical value of community
life and learning in an ordinary school. Rather, governments and communities have
the duty to remove the barriers and obstacles that hinder social inclusion, providing
appropriate resources and support to allow children with disabilities to grow in inclusive environments (Stainback & Stainback, 1990, pp. 71-87).
Starting from this complexity and its educational challenges, we selected the
classes to involve in the research project “Screening and training on learning to
study. Inclusive educational approaches to skills and study methods” where –
based on the indications of the Emilia Romagna Regional Schools Department
(USR) - the choice focused on schools with the greatest degree of complexity.
Starting with the recognition and identification of the needs, potential and difficulties of the schools involved, the research focused on the experimentation and
dissemination of operational tools - specific attention was paid to training in the
educational use of ICTs - and teaching methods used to support/enhance both
teaching and learning methods and study methods.
1. Theoretical framework

Strongly integrated with school and family oriented competences, Special Pedagogy has to face new educational and social challenges. We believe that the route
of inclusion must be followed, based on an approach which at least:
• focuses on educational, social and political spheres as a whole;
• considers all students;
• intervenes firstly in the contexts and then on the individual;
• transforms a specialist response into an ordinary one (Caldin, 2009);
• refers to the social model of disability and the sense of empowerment which
places the disabled person and their families at the centre of all decisionmaking processes (D’Alessio, 2011).

Transforming a “specialist response” into an “ordinary” one is one of the most
important and yet one of the most complex challenges facing our educational
and social system, where a central focus on the disabled person and/or all vulnerable segments seems still to prevail over a broader inclusive approach.
In Italy, Caldin (2009) states that, in pursuing the inclusive perspective, we must
continue to consider our fundamental task to be to ensure that the achievements
of a person in problematic situations become qualities for all; in our way of proceeding, we must identify the elements which can be used even when the social
context and political choices does not seem to support the objective of inclusion
or when there are no economic resources for reducing handicaps.
Stainback and Stainback (1990) consider the notion of inclusion to be a moral
imperative that does not depend on the results and empirical tests of scientific
research: “[…] inclusion is a way of living honestly, ethically and fairly” (Stainback
& Stainback, 1990, pp. 71-87). They propose an ethical paradigm in which all individuals have the moral right to be educated in ordinary schools, and inclusion
is the ideal context for achieving this objective.
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Since the 1990s, international political and scientific debate has backed the concept of “inclusion”, in which access and participation of all children (including
disabled) are considered a priority. Moreover, UNESCO (2000) recommends replacing the term “special educational needs” with “education for all”. In order to
promote real educational and cultural changes, the concept of education for all
considers diversity as a value. In other words, as already underlined, inclusion
aims to change the traditional educational view, typically based on the “specialised answer to special needs” (focus on people with disabilities), into an “ordinary answer to the needs of all”.
As stated in the Madrid Declaration (2002) for many children with disabilities,
as well as others, school represents one of the most important and significant
educational opportunities in life, through the meeting with potential significant
adults to foster the growth and psycho-social development of every child.
Inclusive education is based mainly on four key concepts: all children can learn,
all children are different, diversity is a strength, learning benefits from the cooperation between teachers, parents and the local community.
We consider school to be a context that must foster inclusion and reduce exclusion, striving to overcome the care-based standardising paradigm that continues
to permeate many cultures, policies and practices within European school inclusion processes (Caldin, 2009). School should in fact be the place where every
pupil is guaranteed the right to learn according to his/her own capacities and inclinations, offering educational responses and teaching methods that attentively
and promptly match the transformations in the social fabric.
Some national and international studies carried out into the school world have
highlighted a number of factors which can facilitate/hinder inclusion: “organisational aspects, normative frameworks, teaching methods, availability of support
teachers and other school staff, teacher training, family involvement and cooperation with other services” (Dovigo, 2008, p. 25). Inclusion requires significant
adults who can work together to offer not merely a system of guardianship but
also of pluralistic cohabitation through everyday practices (Sapucci, 2007), encounters, dialogue and mutual enrichment.
1.1 Methodology

The action research (set up in 2011) is based on integration of qualitative and
quantitative approaches. The quantitative approach was enhanced by:
a) analysing the context: semi-structured questionnaire exploring the features
of the class, the perception of the pupils and teachers concerning the study,
teaching and learning methods;
b) analysing the data, supported by the data mining and statistical analysis software, Statistical Package for Social Science (SPSS);
c) monitoring the educational impact of the experimented actions (on-line
questionnaire and interviews administered to teachers, pupils and parents).
The qualitative approach, on the other hand, was used by:
a) studying the quantitative data gathered and processed during the first phase
of the research;
b) analysing in depth some important aspects which emerged while monitoring
the research experience (focus groups organised for each research target).
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Together, the described approaches allowed us to formulate the objectives (defined “in progress”, without ever being too structured), hypotheses, activities
and methods used to verify the impact of the experimentation in a more targeted
manner.
The research addresses three different target groups, namely teachers (31), parents (51) and learners (229), and follows these main phases:
• recognition of learning and teaching needs;
• screening on learning to learn3;
• processing and data analysis;
• recognition of parents attitude to support their children during the homework4;
• identification of practical answers: i.e. teacher and families testing a series
of actions to strengthen/consolidate the study methods of classes through
the use of ICTs;
• organisation of teacher training sessions aiming to learn with and through ICTs;
• creation and testing of a set of teaching actions (negotiated with teachers,
pupils and families) aimed at supporting study methods at school (teachers
and pupils) and at home (parents and pupils);
• rendering of research data to all those targets and stakeholders involved.

Each of these phases, while taken and analysed separately, should in any case
be considered as strictly linked to the previous and/or subsequent phases, as the
research path implied the constant interaction of the different stakeholders
(teachers, parents, pupils) using a number of instruments aiming to investigate
the study method (at home and at school) and the teaching methods used in primary school.
Finally, as far as the sample of pupils is concerned, the graph 1 provides a detailed
set of information on the features of the class group involved in the research5. As
described above, the characteristics of the pupils confirm the heterogeneous nature
of today’s education system. More than two thirds of the pupils (70) are children of
migrants, 9 pupils are disabled: in addition to these, special needs certification
processes have been initiated for at least 4 children during primary school. There is
also a large number of children (18) from other schools, who joined the class after
the start of the school year. The majority of teachers (9 out of 11) describe the level
of difficulty in the class they work in as “complex” and/or “very complex”. These
teachers describe the behaviour of their pupils as “problematic” and “lively” in the
majority of cases, stating that managing the class (d’Alonzo, 2012) is rather complicated and tough. Despite this, many teachers also recognise positive qualities among
their pupils, such as “collaborative”, “calm” and “attentive”.
3
4

5

Instruments: proof-reading taken from Cornoldi, C. (2005), AMOS 8-15. Abilità e motivazione
allo studio, prove di valutazione per ragazzi dagli 8 ai 15 anni, Trento: Erickson.
Other instruments implemented: such as “meta cognitive proofs” created by researchers and
video interviews.
Instruments: focus groups aiming to explore the parents current attitude to support their children during the homework.
For the sake of brevity, we have chosen to present only the data concerning the school in Ferrara.
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Figure 1. Information on the class

2. ICT to enhance the teaching and learning methods

The data gathered during the first phases of the survey, summarised in the following graphs, indicates a low level of use of ICTs by the teachers. For example, audiovisual means are rarely used to support the cultural transmission of contents
presented in lessons; the computer room is almost never used, and, where available, the Interactive White Board (IWB) is not used during the lesson. During the
focus groups with the teachers, difficulties and resistance were highlighted due
mainly to the poor knowledge of the educational potential of some computer
tools: fear linked to the uncontrollability of machines within a teaching context.

Figure 2. Explanation in class - We use the computer lab during the lesson

Figure 3. Use of audio-visual tools in ordinary teaching

Figure 4. Use of the IWB during ordinary teaching
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Furthermore, the data collected during the monitoring highlighted a paradoxical
situation: in the schools where technologies were available, they were not used,
due to the lack of digital skills possessed by the teacher/pupils; in the schools
where technologies were unavailable (because of obsolete software and hardware, etc.) teachers were truly motivated to using ICTs in their lessons.
However, presuming that new ICT are profoundly transforming learning processes in society, a new challenge faces education: to be able to manage the rapid
evolution of these tools and make them functional to qualifying the learning experience. Alongside technical development, we must also develop models that
can critically introduce computer-based and multimedia tools into teaching and
learning processes (Guerra, 2010; 2002).
Starting from the above scenario, and following a needs analysis, we designed a
training and support path to foster the competent use of ICTs in teaching and
learning. This training focused on:
• formalising and sharing the knowledge and practices already used by the
teachers;
• co-constructing knowledge and sharing it among all stakeholders;
• seeking different responses according to the different research contexts;
• suggesting implementing (rather than replacement) methods to strengthen
some (cognitive, social, organisational, etc.) aspects of the study methods
with the support of ICTs.
We set up two training initiatives. The first was on the use of the Interactive
White Board (IWB) in teaching; the second on the creation of conceptual maps,
with a view to inclusion.
Our goal was not only to raise awareness among teachers on the potential of
ICTs, but also to better engage teachers in finding/creating innovative learning
paths. As already mentioned, the needs analysis carried out during the first phase
of the research underlined both the lack of technologies in the classroom and
the inability of teachers to use ICTs for teaching purposes. For that reason, the
research group recognised the T-PACK Model as a ‘horizons model’ in order to
reduce the above-described gaps. Mishra and Koeler (2006) defined a remarkable
framework that suggests a right way to think about technology in educational
processes: the basic idea is that the use of technology in learning processes involves three dimensions: technology, pedagogy and content, usually seen as
three separate concepts.

Figure 5. T-PACK Model
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The intersection of the three entities offers the ideal balance and match between
technology, pedagogy and content. This situation can be described as when a
teacher knows how to teach a specific content in the best way (i.e. in the way he
masters it best) using the proper technology in the best possible manner. Of
course this model also considers context, which plays a very important role in
the dynamics of the use of technologies in class, but keeping a balance of technology, pedagogy and content isn’t in itself enough (Soriani & Ferrari, 2012); factors such as teachers’ self-efficacy, experience with technology, training, financial
and personal resources, students’ needs, students’ learning methods, pupils’ age
and socio-cultural environment, are also very important and they must be considered in the whole process (Wilki et al., 2012).
In addition to the T-PACK Model, during the training session at least two educational concepts were underlined: “individualisation of learning” and “personalisation of learning”. The concept of individualisation of learning [...] refers to
the need to ensure that all students achieve the same objectives (knowledge,
skills, abilities) [...]; the individualisation approach proposes an integration of
different teaching strategies (in terms of time, materials, learning styles). The
aim pursued is democratic education that responds to the learner’s right to
equality. On the other hand, the concept of personalisation [...] refers to the
opportunity to enable students to achieve different goals (independently of the
class) in relation to their own personal motivation, potential, curiosity etc6. The
(possible) learning paths shown in Table 1 supported the teachers during the
life cycle of the experimentation7. Teachers tried to use ICTs in the “ordinary”
curriculum, stimulating different learning directions, including reproductive,
meta-cognitive and creative learning.

98

!

Curriculum

Learning process
Reproductive

Meta-cognitive

Divergent

learning

learning

learning

Top down

Example:

Example:

Example:

“Ascending curriculum”:
from content to learners

IWB to reinforce
the basic learningrelated knowledge.

IWB to stimulate the
meta-cognitive learning
process.

IWB to stimulate the
students' creativity.

Bottom up

Example:

Example:

Example:

“Descending
curriculum”: from
learners to content.

Conceptual Maps
to stimulate
students' research
(learning
individualization).

Conceptual Maps to
stimulate problem
solving (learning
individualization).

Conceptual Maps to create
new knowledge starting
from students' potential
and expertise (learning
personalization).

(Top down - Bottom up)

Table 1. The possible ways of using the IWB and Conceptual Maps in teaching

6

7

Guerra, L. (2004), Individualizzazione e personalizzazione: http://www.ipbz-corsi.it/riforma/blog/
wp-content/uploads/2006/03/guerra_ind-pers.pdf
Taken and adapted from the article: Guerra, L., Fabbri, M. & Pacetti, E. (2010). LIM, Ambienteinfanzia, 8, pp. 6 -9.
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On the curriculum side, “ascending curriculum” means that curricular experience
can be built only on the analysis of knowledge (content and related objectives)
to be transferred to the students. The student must be confined essentially to
reproducing the knowledge offered. “Descending curriculum” on the other hand
means that curricular experience can be built from the analysis of the learners’
needs and resources. The student (both individually and in groups) participates
directly in the construction of knowledge. On the learning side, the reproductive
learning model enhances the achievement of cognitive processes such as: remembering, classifying, listing, executing and retrieving. The learning objectives
in the meta-cognitive “model” are general and specific, but not completely defined. The main cognitive processes involved refer to analysis, synthesis and evaluation. Finally, the learning objectives involved in the creative model are analysis
(analyse, compare, lead), synthesis (synthesise, schematise, infer), intuition
(group solutions, formulate hypotheses), invention.
The impact of the training session underlined not only how we have enhanced
teachers’ digital competences but also fostered a critical competence in using
“new” technologies integrated into ordinary teaching and learning methods.

3. The impact of teaching actions on pupils, teachers
and parents

Based on an initial screening of educational needs in these educational situations, one of the objectives of the research was to promote collaboration between schools and families following an active, co-responsible model by all
stakeholders (teachers, parents, pupils) through a joint experimentation among
school and families that lasted four weeks.
This phase (September/December 2012) involved the experimentation and use
in the involved classes 4 IV year classes (9-10) and 4 V year classes (10-11) of five
teaching actions supporting the teaching/learning process through emancipative
educational methods by the adults, both at school (class teachers, support teachers, educators) and at home (mothers and fathers). The table 2 summarises the
activities and main results emerging for each target.
Activity

Objective

Significant phrase and/or keyword

Develop skills linked to the autonomy of the pupil in
identifying essential elements/notions for understanding the
text.

Time management

Strengthen pupils' ability to mark, recognise and manage time
(with the help of teachers and parents and autonomously).

Conceptual maps
(individualisation)

Produce conceptual maps which clearly identify the main
concepts and relationships between the contents of the piece.

Conceptual maps
(personalisation)

Enhance the potential of individual pupils through
differentiated proposals, in addition to the objectives set for
the whole class.

Home study in pairs

Facilitate the acquisition is socio-relational skills through the
experimentation of peer working methods (peer tutoring).

Table 2. Teaching actions to support the teaching & learning process

H
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The monitoring data concerning this section was gathered for pupils and teachers
through an on-line questionnaire, and for the parents through a semi-structured
paper questionnaire.
Here below is a summary of the results obtained, divided by each target.

100

Pupils. Constants and divergences can be identified among the pupils of the three
schools. The majority of pupils involved in the research adopted a study method
based on the repeated reading of the text, accompanied by the underlining and
oral presentation of the key concepts to an adult reference figure (father, mother,
grandparents, older brother or sister).
At the end of experimentation, pupils underlined how the five actions helped
A to: reflect about their own study approaches; (gradually) acquire their own study
methods, adopt/seek personal strategies and strengthen peer tutoring methods.
Data

Statement (extracted from interviews)

Reflect about their own study approaches

68%

“I open the book, read the underlined
parts and repeat them lots of times.” (IV
year pupil)

Acquire (gradually) their own study methods

73%

“I look for the word in the book by
myself.” (IV year pupil)

Adopt/seek personal strategies

76%

“I use different colours to underline the
history book.”(V year pupil)

Strengthen peer tutoring methods

81%

“I ask my friend questions about the
lesson.”(IV year pupil)”

Table 3. Pupils’ impact

Concerning the impact of this activity from the point , one teacher interviewed
stated that: “[at the end of the experiment] less time was taken to complete the
activities, […there was] more attention to identifying key words and expressions
[…]”. Moreover, it appears to be a consolidated practice among students to produce diagrams and conceptual maps in order to identify and establish the main
concepts and relations between the contents of the pieces studied: “[the pupils]
are learning to produce maps autonomously, while in the past maps were given
to them”. The data gathered after the experiment showed a substantial inclination of the pupils towards aware study, as well as an attitude of self-observation
and assessment and thought on their own learning processes. We can effectively
summarise the impact of the teaching actions experimented in the following
words: “…the children had to opportunity to discuss what they were asked to do
among themselves, with us and some with their parents. The attention they paid
to the given times and the effort made to respect them certainly changed. They
paid more attention to selecting the information to be underlined in the text, they
were more aware and focused on the construction of maps and diagrams used
for study, as a base for presenting information. There was also greater awareness
in identifying the appropriate structure for schematising key information and for
seeking linking words”.

Teachers. The data gathered while monitoring the teaching actions generally
demonstrates a positive impact of the experimentation on the perception of
teachers. The graphs below show, for example, that the objectives were for the
most part achieved and that, in some cases, changes in teaching practices were
"

"
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recorded; this is the case of the autonomous construction of conceptual maps
by pupils in terms of learning individualisation and personalisation, an aspect
that was not present in the context analysis phase.
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Figure 6. Impact of activities

Good results were on the other hand obtained concerning the impact of peer
study activities, often used in school but not always adopted in family contexts
(organisational difficulties because of the pupils living far apart or having no one
in the family who can accompany them). However, in the words of one teacher
“…for the children [it was] very useful to be able to discuss the strategies used,
the different methods and above all a new approach to understanding each other,
making arrangements to work together outside of school.”
Finally, it is worth mentioning the results emerging concerning the added value
perceived by the teachers at the end of the research project. In fact,
the data
objectives
that are
n gathered highlights not only how the research offered the possibility to become
familiar with and develop “new” teaching techniques, but also and above all that
it offered the opportunity both to discuss and dialogue with other colleagues
and think about their own professional identity (difficulties, motivations,
thoughts). This, we believe, is the real result, for those wishing to conduct a reT search-action project: objectives that are not too rigidly defined and which
therefore allow the diversification of results, active involvement (during the design, planning and decision-making, etc.) of stakeholders in the experimentation
throughout the project life cycle; diversification of the impact of the experimentation and development of projects linked to the context; and last, but not least,
the acknowledgement of the impossibility, in this type of research, to generalise
the results achieved (precisely due to the above characteristics).
The experimentation allowed the teachers to: reflect about their own know-how,
consolidate knowledge of the methods and techniques which can be used to
teach, observe teaching/learning processes in their own class context, foster collaboration between school and family.

"
"
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Reflect
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75%
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teach

66%
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class
Teaching/learning
context
context

71%

Foster
collaboration
Foster col
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family
family

87%

S
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the
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th
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the m
multimedia
ultimedia tools
tools that
that can
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o personalise
personalise lessons
lessons ttoday
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using the
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hel
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IW
WB.” (V
V year teacher)
“For tthe
he cchildren
hildren [it
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useeful ttoo
ablee tto
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discuss tthe
he st
rategies used, the
the
ethods and above all
all a new
different
di
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methods
approach to
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understanding each other,
other,
making
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work
arrangements to
to wo
rk ttogether
ogether
school.” (IV year tteacher)
eacher)
outside
out
tside of school.”
undamental ttoo all
all work ttogether,
ogether,
“It
“I
It was ffundamental
some
ly collaborative,
some parents
parents were
were real
really
collaborative,
for us
us it was
was vvery
for
ery ggratifying.”
ratifying.” (V
V year
year
teacher)
teacher)

Table 4. Teachers’
impact
"

Parents. Having read the family contexts involved in the research, we noted how
at home the reference adults tend to prefer a protective method, to the detriment of an emancipative spirit that is indispensable for children’s psychological
and cognitive development. From the focus group it emerged that the majority
of parents (both mothers and fathers) are involved in their children’s home study;
many, for example, sit with their children during their homework, and help them
in their written work (e.g. mathematics). Almost all parents interviewed listen
to their children while they repeat subjects such as history and geography orally.
A certain pleasure in helping their children with their homework is also noted:
“I am happy to do it with my daughter”; however, it was also seen how many
parents express a feeling of difficulty and frustration: “it is really tough for me to
get my son to do his homework”, or “when my son is tired, I have to stage a kind
of contest: I do the maths too, and the first one to finish wins”.
At the end of the experimentation, the majority of parents reported a positive
impact on their children (and their school performance) and on themselves. For
this target group, the clearest impacts were those which helped to: stimulate
A
thought on their educational role in homework, and help their children constructively, without exceeding in their support, strengthen collaboration between
school and family, strengthen collaboration with other parents.

"

Data
Stimulate thought on their educational role in
homework
Help their children constructively

73%

Strengthen collaboration between school and
family

87%

Strengthen collaboration with other parents

59%

76%

Statement (extracted from interviews)
“I tend to always check his homework
and his diary.”(Mother)
“Now I try not to get involved immediately […] I
wait for him to try and do the exercise by
himself.” (Mother)
“Having been a part of the methods used
in school, now I can support my daughter
better in her homework.” (Mother)
“It was a bit difficult at first, as I work all day
long. But when it was possible, I arranged with
some other parents for our children to study
together.” (Father)

Table 5. Parents’ impact
"
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Conclusion

“Complex classes” can no longer be read as an emergency, but need to be faced
more structurally through a multi-dimensional approach that is closely linked to
a common education project shared by all stakeholders (teachers, parents, researchers etc.) in the lives of pupils, such as disabled children of migrant families,
children with disabilities, learning disabilities or local children from disadvantaged contexts (Caldin, 2012).
Indeed, as stated above, in the past few years education workers have perceived
an increase in the number of pupils in their classroom, and the actual extent of
this phenomenon is currently being measured using structured and systemic
methods.
We believe it is fundamental to remind the school world of its key role in fostering, facilitating and supporting inclusion processes. Indeed, an analysis of the
data suggests an image of a welcoming school environment largely free of prejudice towards the complexity, and that schools are the key place for social inclusion as well as being an essential point of reference for all children.
Based on these observations, these are our first and partial considerations about
teachers, families and pupils in our education system. We must:
• start with the knowledge and experience of the classroom, the way in which
it is lived and perceived by the stakeholders (teachers and pupils) who experience it daily, to investigate the teaching and learning methods;
• consider the differences of each pupil in designing educational practices
which are able to respond to the effective needs of each one, without categorisation: here, as Canevaro states (1991), lies Special Pedagogy, which aims
to tackle un-common needs with a view to making “speciality” disappear;
• foster digital competences (Calvani, 2010) among teachers; ICTs can qualify
educational action only when placed within educational mediation models
used to enhance both cognitive and ethical-social aspects in a multidimensional way;
• pursue the route of equality and diversity, which can both be pursued through
educational practices which enhance both the individualisation and the personalisation of learning paths. In our research, ICTs were considered as amplifiers of teaching and learning processes, and were always considered as a
means and never an end of the educational action;
• provide educational responses in broad rather than separate contexts (Booth
& Ainscow, 2002);
• acknowledge the complexity of the purpose of education, moving in a direction that increasingly responds to the needs of all (Bocci, 2012) transforming
speciality into normalcy;
• promote the right to “make an effort to learn” (Caldin, 2012) for all pupils
emancipative methods;
• support a culture of educational co-responsibility, participation and belonging
of everyone (pupils, parents and teachers) to the class, the school and the
local community, strengthening mutual trust and communication. Teachers
felt supported by the parents, who were allies in the joint school-family experimental project which saw the different stakeholders dialogue in an educational logic focusing on the active co-participation of everyone.
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Although here we have only summarised the long, detailed research path, the
most significant issues emerging during the various phases are very clear:
through a brief comparison between the three schools, we can state, on the
teachers’ part, the substantial awareness of their own teaching methods and
strategies applied during teaching, as well as a fair inclination towards new teaching methods, such as the use of the IWB. However, the teachers showed some
resistance to the use of ICTs where they were not familiar with the tool, even
with its basic functions, such as switching on the IWB and/or using the Internet
connection. Indeed, teachers must be fully familiar with all aspects of the subject
(Falcinelli, 2000) they are teaching, but they must also know and be able to command the relational and learning aspects which permeate teaching and learning
processes (d’Alonzo, 2012).
Training is now certainly supported by basic computer literacy for the majority
of teachers, attempting to start from their actual needs as well as their fears and
perplexities; one teacher told us “It is hard enough as it is managing a class, just
think what it would be like to not be ready, to make a mistake when switching
on the IWB [..] I am sure that in these moments of vacuum, I would lose the attention of the class and re-starting [the lesson] would be even harder.”
Moreover, it was interesting to note how both teachers and parents stated the
positive nature of the school-family collaboration: the parents considered the
collaboration with the school “very positively”, for the possibility to share objectives, purposes and teaching activities with the teachers. Parents’ thoughts bear
witness to the importance of co-responsibility of education between teachers
and families, a precious resource which also impacts the children’s learning. In
this regard, the parents interviewed underline how, following the experimentation, their children have become more aware of their study methods, and how
they feel more confident in their oral and written tests, having gradually acquired
a more active and autonomous role in studying both at home and at school.
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abstract

This work represents an interesting contribution of neurosciences to the recent
studies in the field of education through which, today, we know that the brain
makes the reality of the past and weaves a tapestry that combines feelings, information and experiences.
Feelings, knowledge and experiences are the subject of historical debate on the
connection between body and mind. The whole body-mind, in its fascinating complexity, not to suppose that there are single-discipline studies, thorough exhaustive and rigorous, can provide a comprehensive model of its cerebral operation
and its use. The mind, in fact, can be defined as a process – rather than as a structure - and this mind – process is building as shared construction (co-construction)
with other minds. It follows that biological and psychological events are linked in
a relationship of circular causality, which is hardly possible to identify a primary
determinant.
In this perspective, the body assumes a meaning and a educational determinant
value. On the bases of these presuppositions envisaging an interdisciplinary relationship between Neurosciences and Didactic, there seems to be the new epistemic horizon through which to explore this circular reaction of body and mind.
Neurosciences offer a new prospective to the study of brain activities separated
from emotions such as traditional philosophy has supported, but they open up
to a new set of analysis creating a fruitful subject, Neuro-Didactic, where education becomes the promotion of human evolution. Therefore, the aim of this study
is to investigate how the meta category Neuro-Didactic can rise to the interpretative mind-body relationship and, at the same time, encourage the growth of a Being who feels with his mind’s eye speaking of the heart.
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In the last years, there has been a growing interest in the progress of neurosciences, it is not a new interest, but certainly renewed, thanks to the ability to
visualize the brain processes active during the more complex functions, which
still require study/elaboration as experience of emotions or learning.
Why does education show/appear in this world?
To study the brain, under the investigation of the neurosciences, it is like crossing
a circle that closes on itself: is the person who studies the organ that allows
him/her to think, to study, to know, to memorize, to live emotions!
Is the person who, through the functioning of his/her brain, deflect thoughts for
the logic processing on the sciences that study it, allowing society to advance
about knowledge. But it is also the mind, as a process and not as an organ, to
justify, to contextualize and to attribute value and meaning to neurobiological
mechanisms of the brain.
The reading of this cultural and scientific binomial, which operates in our lives
in perfect harmony, is an intriguing field of investigation, a reading that is
processed on a pluri-perspective level that induces the individual doctrines to
deepen the inter cultural nodes that justify some phenomena of our lives. Each
of them must not meet the error of distorting itself for to generate others.
Regarding the epistemology and pedagogy of Neuroscience, the path to understand than they actually need to confront and take reflected advantage of the
heuristic, long and tortuous system.
However, if the school is a formal agency for education in which the student has
the opportunity to think, to study, to learn, to memorize, to excite and to live, it
is legitimate to consider the possible cultural correlation with neuroscience
(Caine RN & Caine, G. 1990).
This short intervention represents an interesting contribution to recent neuroscience research in the field of education thanks to which today we know that
the brain makes the reality of the past and weaves a tapestry that combines feelings, information and experiences to create a memory that links the real facts,
with everything it might hope or desire (Siegel, DJ 2001).
What are the questions and what are the dilemmas that afflict the pedagogists
and scientists?
Starting with the first key questions for this thought: what is the role of emotions
in learning?
What mechanisms allow to develop the mind and the brain and promote the attainment of an emotional balance (Imbasciati, 1998).
In particular, in which sense the pedagogy and the neuroscience can find an epistemic, supportive and complementary interaction in Neurosciences Didactic?
Neuroscience Didactic, therefore, can rise a locus of dialogue between two subjects can be the interpretative meta-category of a new paradigm, that it can discuss to “even-numbers”?
The relation body-mind in its fascinating complexity, can’t support that there are
mono-disciplinary studies, as thorough and rigorous, can provide a comprehensive model of its operation.
The neuro-scientific aspect based on a phenomenological epistemology of neuro-biocognitive character drawing from that phenomenology of Husserl as an ei-
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detic research of the “human essence”, mainly concerned to the study and description of the ways in which the essences present themselves to us and how
the intentional consciousness they relate to external reality.
Vittorio Gallese claims: “One of the important questions that Edmund Husserl
(1859-1938), father of phenomenology, tried to answer, can now be taken up by
cognitive neuroscience: how is it possible to study the subjective, the approach
in first-person to reality, so it is possible to describe scientifically but not limited
to understand in the ineffable way of introspection, which does not allow the
objective communication typical of science?
One of the main goals of current cognitive neuroscience research, which is the
branch of neuroscience that has as object of study the more sophisticated aspects of our intelligent behaviour, is the project aimed to understand what are
the neural mechanisms that make it possible to enter into a communication with
our fellow man, transmit to him our desires, our beliefs, our intentions, and, simultaneously, to understand what others are doing and why they do it” (Gallese,
2009).
The pedagogical aspect and in particular the phenomenological pedagogy as
claimed by P. Bertolini rejects “any attempt to enclose in formulas and preconceived patterns the educational experience, since it is always an experience in
the situation”.
Pedagogy, therefore, as science of education, has an epistemic horizon oriented
towards research of a dimension of education of person as process of humanization of person in the complex society, according to the following scheme:
brain- mind- language- culture.
Culture is, what is makes it possible to learn and know, the emergence of the
culture that is produced through the complexity of the person and the society,
and complexification.
It is necessary to ask, as stated by Roberta De Monticelli (De Monticelli, 2008):
“These are people that most social actors?”. It is necessary to speak about emergence of people that are contextualised into society respecting their human nature. Edgard Morin and the same Roberta De Monticelli speak of an epigenetic
transposition to Homo sapiens to the concept of person.
As Baker (Baker, 2008) says, “what makes us special ontologically is our being
before to be people.
According to Baker, there is a next-mathematical relationship between the development of the person and its body.
In fact, to shape the body means to shape the personality. But who shapes the
body if not the culture? Who creates that first-person prospective (being unique,
each with their own identity) if not the culture and the relate of the mind to it
through the body? Can Neuro-didactic start from culture as a common ground
between Neuroscience and Pedagogy? Can the pedagogy together with neuroscience play a “parental” active? Wich genetic heritage Pedagogy provides the
Neuro didactic? Seems to be “recessive” than neuroscientific. Then as work
around this?
The pedagogy should do just the appearance of being “bioenergy”: must learn
to decipher “body language”. A theoretical primary reference in Bioenergetic
analysis is the concept developed by Reich for the unit. Unity refers to the fact
that the body works as a everything.
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The function of neuroscience, an adjunct to the treatment of Neuro didactic also
provides an “epistemic- dominant- genetic”, in the sense for wich environmental
cultural influences and the interpersonal relationships have, in fact, a key role in
the structuring of the mind; it is a parallel process to the ways in which the brain
is shaped (Siegel, 2001).
There are three basic principles defined by Siegel:
1. the mind emerges from processes that influence the flow of energy and information of the brain and connects to other brains;
2. the mind is formed as a result of the interaction between neuro-physiological
internal processes and interpersonal experiences;
3. structure and function of the brain are developed from genetically determined programs shaped and influenced by experiences, especially interpersonal (Siegel, 2001).
Combining the ideas of Siegel and those of the most important contemporary
neurobiologists, the mind can be defined as a process - rather than as a structure
- and this mind-process is building as a shared construction (co-construction)
with other minds (Searle, 2005).
Different and varied mental experience: memory, attachment, emotions, representations, self- regulation, interpersonal connections and integration.
One of the most interesting elements for the world of education is memory.
For a long time, memory has been considered as the “store” where engrams are
stored.
This not only represents the research of lost time, it can reasonably be regarded
as more important better function in that, through its role as a bridge between
perception and learning, allow us to generalize, organize and mean everything
around us and ours, including personal identity.
From the pedagogical point, each a unique synthesis of physical, social and historical factors, in which the plasticity of the human brain and the nature of the
organism in its evolutionary history, represents the not by passing prerequisite,
the natural and specific gift for the emergence of consciousness and the cultural
bend out of ego or personal identity.
The personal identity, therefore, would generate it according to the reading of
Albert Bandura, as a “social learning”: the individual’s personality is formed
through a sort of “modelling by imitation” of learned behaviours from the interaction of the same person with the environment.
To confirm this: The neuro-scientific work of Rizzolatti and Sinigaglia have paid
particular attention to the functioning of particular neurons called “mirror neurons” located in area F5 of the pre-motor cortex that are activated not only when
a person does an action but also when it is made by another person, and therefore can be represented the taken action as the mirror image.
This means that for to activate the neurons responsible for the action, it is not
necessary to do it, but it sufficient to observe it.
The activity of mirror neurons is not restricted only to the sensory input of the
vision of a simple movement, but to a real “vocabulary of acts” that the subject
recognizes as providing meaning and belonging to its own experience. The larger
and richer this vocabulary of acts, the more the subject is able to learn, the more
his identity is structured. This resonance mechanism that is based on experience,
is the basis of imitation, whereby a person can learn just by looking.
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The system of mirror neurons is, therefore, for the person the possibility to immediately establish a bridge between the observer and the actor, to determine,
that is, an area of shared action, in which every act and every chain of actions,
our and others, appear to be immediately recognized and understood, without
requiring any explicit or deliberate “operation learning”.
Memory, therefore, not only represents the genetic trace of our being but it is
the trace of the personal, social, historical, identity as Edgar Morin says, planetary
identify and future identity.
Historical memory is the humus of that construction of identity and of that
paidea upon which pedagogy is oriented and orientalised.
In this particularly worrying perspective, but interesting in terms of science, neuro-didactic could help and allow that this is projected in the light of the collective
consciousness, of that planetarium ego that teaches and is taught.
From the perspective of neuroscience, the memory, therefore, is considered as
an activity of system that operates within the structure of the brain and therefore
is affected by biochemical events from which it cannot be ignored.
Being this a modular structure, memory must be considered an activity that operates in different systems, but that has as primary objective to integrate the information processed by these planets, from both outside and inside of the
person. (Kandel, Schwartz, Jessel, 1991).
As a property of the system, it is a continuous process of subjective reconstruction of the events following correct strategies and evolutionarily advantages;
memory works on different levels in different ways, and each level has a specific
“schematic organization” that is formed by the integration of acquired and innate
characteristics with experience, this organization works through mechanisms of
“assimilation” and “arrangement” (Piaget, 1991), that is “imposing its rules “in
the process of processing of new data and at the same time” self-modifying, “integrating these new data with those data that are acquired in the past”.
Working in different systems interacting, being governed by subjective processes
of “ emotional underlining “ and being its activity is not totally conscious, not
controllable, it is not possible to predict in a “linear” way the effects generated
by processes of “disorganization” in one or more systems, this can be ascribed
to the systems in which the memory and the mind itself, in the “ dynamic complex non-linear systems” 17 (Siegel, 2001).
The memory builds the important traces of learning, changes, orientations of
each adaptive achievement.
We are made up of learning and memory always! DNA is learning and memory
of life, the human body is learning and phylo-genetic memory of living being,
the brain is the map and the custody of its evolution and its memory.
Learning and memory, then, trace the first paths of psychic development along
the way of bodily experience, in the first reports, the child learns and stores,
treats and shapes thoughts and feelings, create the personality, the way of understanding life and world.
Siegel says: “Interpersonal relationships have a central role in determining the
development of brain structures in the first stages of our lives, and continue to
exercise important influences on the activities of the mind throughout our existence” (Siegel, 2001).
“Each experience comes from a set of sensory stimuli which are able to excite
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different parts of the brain: visual area, auditory, sensory-motor and limbo/thalamus area. These areas are already in connection between them, but when they
are excited together, additional connections are established that are strengthened when the same experience is repeated time after time there is only the excitement of all the neurons that were interest in the time of observation repeated
of the picture, neurons too far apart belonging to various brain areas. These sets,
as already mentioned, are called engrams. “Every time, if we resume a memory
we are to rebuild it from scratch if it is a particular image will be interested especially to neurons in the visual area, if a writing the area that is located in the
left temporal hemisphere, together with other neurons for example in the area
of emotions.
This is only the stimulation of a circuit, however, when the memory surfaces not
always the correspondent engram is exactly same to that is produced during the
original experience.
This is due to other experiences in the meantime that person lived, to information that he/she learned” (Dal Lago, Rovatti, 2003).
Learning is the process whereby the new information about the world around
us, is acquired, while memory is the process that ensures the storage of that information it is the secret code that holds together the infinite fragments of the
life experiences and memories that have participated in the construction of our
personal identity.
To perceive means classifying the different objects and this occurs through the
activation of associative networks that represent these objects in the memory.
In this regard, it is considered that any new association added connections to an
existing network, any cell or group of cells, may be part of many networks and,
therefore, many types of memory.
Thanks to the connections created by the neurosciences, changing the perspectives about the formation of human experience, the theories and the methods
that support our work as a teacher have been revised and given new impetus to
the role of emotions in memory, giving more meanings to learning which produces a physical change in the brain.
It is necessary, then, that the successful teachers produce changes in the brain
of the student; the science can tell us what is the learning, and what affects influence it, but applying this knowledge is an art. Feelings, emotions, thoughts,
directly influence the behaviour and attitudes, the emotional centres of the brain
are strongly connected to areas of thought, here is how the teacher must find
the way to make learning gratifying; it must, that is, evoke emotions and engage
the student.
In this regard, Siegel insists on the principle of the plasticity of structures and
cerebral sensitive connections to the play of activated forces from the exercise
of memory, emotional experience, phenomena of attachment.
This sensitivity, only in part determined by our genetic inheritance, is conditioned
by the work of elaboration and organization of lived experiences, with sense
along a timeline.
Estimating with the complexity of lived experience, generating new thoughts or
modify that previous showing symbolically important connections.
“Remembering not only means calling to mind the original registration of information, the memory is the result of the construction of a new profile of neuronal
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excitation that has the characteristics of initial engramm, but also element of
memory derived from other experiences and which reflects the influences from
context and from state of mind in which we are in the present” (Siegel 2001).
And in this “memory” re-enters the true skill of the teacher who must be able to
build on what exists. You must be able to find the pieces of existing networks, which
are “right” and help the student to give new values that generate understanding.
This approach suggests that much of what we consider “wrong” is simply incomplete.
The sharing of stories reflects the important role that the narrative processes
carries out in giving meaning to our experiences and linking our minds.
In addition, relations that assume importance in emotional and affective sphere
build the basis for mental development.
We can say then that methodologically and epistemologically Neuro didactic
must make the two “genetic” paradigms of pedagogy, as a discipline that aims
to provide a horizon ever more sense done; and Neuroscience that equip the
strong base of epistemic and methodological concreteness wich allow it to rely
as neo discipline accompanied by the genetic material (DNA) as transmitted by
both disciplines. Obviously, this refers to all that is subject to examination of Pedagogy (education, learning, education) and Neuroscience (memory, intelligence,
cognitive development, neural sctructure and learning). The first step is to consider Neuro didactic that relates the biological elements of the Neuroscience and
education elements of pedagogy.

2. Neuro-didactic: from pedagogy to the teaching of
knowledge of the mind and heart

The scientific view for centuries has focused all attention on the rational mind,
only in recent decades, studies are gradually changing, surpassing the mental attitude of looking at mental life emotionally flat, hardly relevant and not very significant.
It has begun to recognize the important role of emotion in thought (Goleman,
1996), the power of emotions in the mental life and the benefits that they entail.
Nowadays, pedagogy and psychology agree in pointing out that there is no a single type of intelligence (Gardner 2005).
It has came in the last period to talk about emotional intelligence: emotions and
mind are linked together, and this belief has emphasized the potentialities of the
deformed and original expressive and maturational processes in all interlocutors
of the educational process.
Human beings have two mental systems, one that thinks that the other what
feels, and these two modality of knowledge, so fundamentally different, interact
to build our mental life.
Goleman speaks of an inter-subjective space of empathy for to understand that
space in which it has created an emphatic relation between actors and promotes
the development of emotional intelligence defined as “the ability to recognize
our feelings and those of others, to motivate ourselves, and to manage positively
our emotions, internally, and in the social relations”.
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These emotional skills ensure success at work and in the personal life and represent, according to Goleman, an attempt to bypass the widespread opinion that
it is better to put a barricade between emotion and thought.
Daniel Goleman differentiates two important subcategories: the personal skills,
which are related to the ability to capture the different aspects of their emotional
life; the social skills relating to the manner in which we feel with others and we
relate to them.
Emotional personal intelligence includes the awareness of self, which give a name
and a sense to our negative emotions; it allows an objective self-assessment of
their abilities and their limits, so as to be able to propose realistic aims, then
choosing the personal resources most appropriate to them.
To power own motivation, then, is an essential capacity, a good dose of optimism
and spirit of initiative, attitudes that lead to following own goals, actively responding to the failures and frustrations. Emotional social intelligence consists
of a set of characteristics that allow us to relate positively with others and to interact constructively with them.
One of the most important components of this aspect of intelligence is made up of
empathy; being empathetic means to perceive the inner world of the other as if it
were our own, but maintain the awareness of its otherness in relation to our views.
According to Goleman, emotional intelligence can be developed through a correct training, directed mainly to capture the feelings and emotions, ours and others, directing them in a constructive way.
For the transverse nature of Neuro didactic approach may represent the concrete
translation similar premises.
Neuro didactic has, in fact, a particular importance in differential areas: in the
helping relationship, in the educational and didactic commitment planning, in
the social psychologist and work, in the organization of work, because the person
who would be involved is made of thought and feeling, intelligence and affectivity
and needs to be encouraged in a global and integrated manner in relation to any
growth objective to be achieved (Trombetta, 1991).
The educational process cannot be an intellectual phenomenon of, nor instinctive
and immediate, it should be, to the contrary, a process that can avoid these two
poles, interacting in the subject that educates as well as in the subject to be educated, the interaction between mind , emotion and embodiment.
An emotional intelligence feeds through the appeal of the dialogue of the body,
which is the primary channel through which to express itself in the deepest valences and meanings, a channel of access to reality and sensory information of
the surrounding context, a world where applies the phenomenological perception of Merleau Ponty and deep empathy of analogical language.
Here the phenomenological reflection, while comparing the consciousness to
sensory-motor structure of the human organism is not identified in it, but considers it as emerging from the relationship between three different and separated phenomena, the body, the world, the others.
As a result of the relationship between these phenomena, consciousness, therefore, is not subject to purely materialistic explanations, but it requires of methodological procedures that account of its process related to the fact that emerges
from bring the world into a determined time and space.
Therefore, a body that can represent an excellent cognitive setting and that inherits
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the new conceptual representation of the embodied mind (embodied cognition).
In terms of educational intervention, this means resuming some considerations
of P. Bertolini, to optimize the results of teaching according to the authenticity
of the learner, so the ability of the teacher must adapt its intervention on the
basis of interpretations of the subject.
Another aspect of didactic is important, that we can define as the heart and of
mind, whose study was opened by the neurosciences, crediting next to psychologies of deep, the nature and structure of the brain, as stated by E. Goldberg, “the
soul of the brain” (Goldberg, 2004).
The emotional charge is important in learning processes, not only because it provides colour and shape to concepts, especially as each individual learning sees
to work the mind with the body, the psychological element with the biological
in evolution that to be accomplished, always need of “something to think about
giving” (Groppo, Antonietti, 1992).
Nowadays, the didactic research an power a neuro-didactic; a connection of the
learning and memory processes with the part that is capable to recite the cerebral hemispheres, never separated together but harmonized in the belief that,
while has become a sure mental economy, are opened interesting prospective
for artificial intelligence and for ways of thinking that to establish a new seat of
the soul, not only in heart but also in the brain, why is this “magic box” that
comes the conscious tension that directs the action and gratifies the commitment and the weariness resulting from intellectual research (Gardner, 2005).
The teacher conscious of any neurobiological mechanisms justifying the scientific
properties with which humans interact and act, is undoubtedly have and edge
for measure out, to graduate and to colour the learning strategies in the school.
The teaching innovations are able to treat more involvement and more communication are related to recalling the motivation, to the didactic of discovery, the
strengthening of teamwork, the same personalization, in the sense of personal
self of the student as the cultivation of more intimate vocations (Mottana, 1993).
It leads to a didactic iter more difficult, complex, articulate, but it is possible if
the school works on this principle and gives the tools to make it.
It is not an utopia, but rather an audacious work, not urgent that can or should
be rejected.
It is important to create the enthusiasm in the teachers to organize significant
relationships (Iannaccone, Longobardi, 2004) in the class and give to susceptible,
critical, communicative subjects in the sense of empathy, subjects with a rational
and emotional mind: emotional mind that has bring out the awareness the instincts, lived behaviours, the communicative states of the subject and to pass
them through according to an awareness and opinion point of view.
In this perspective, the body size, and psychological operations, as typical of the
person, invite the pedagogy, through education, to the development and recovery of individual abilities.
The Aim of didactic, therefore, must be given the tools to every teacher for selfeducation.
So which method would be more appropriate? As Aldo Nardi said, “to propose
a workshop inside the school (but not only), may represent an important base
in the face of a shared and clear objectives that are clear to all participants,” it
seems “ an opportunity for a different appropriation of knowledge”.
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Teaching laboratory has its theoretical roots activism and subsequent pedagogical constructivism; initially used for the teaching of technical disciplines, is currently considered a valid approach for all disciplines. Promotes the motivation
to study and inclusion will be especially beneficial to students with learning difficulties of various kinds.
The laboratory is a learning environment that integrates effectively not only
knowledge and skills, cognitive and social aspects, but especially the emotionalaffective dimension with the planning and operation characterized as a privileged
place for the practice of personalization teaching.
This approach is the way it’s supposed to be any kind of significant learning: a
space in wich to gain experience with the others, where you learn to use procedures, materials and methods that promote the “construction” of knowledge. In
the teaching laboratory is fundamental research strategies of teaching\learning
appropriate to the cognitive styles in the group class, an educational proposal that
is valid cannot take into account the existence of multiple intelligences, first of all
the emotional mentioned Goleman. You can’t, in fact, talk about learning without
taking into account the emotional and relational inner dimension of the subject.
If the primary function of the teacher is to facilitate the acquisition of skills, this
inevitably develops within a relationship where you need to capture the emotions, feelings, experiences that determine how the student learning. Despite
such an approach suggesting uncertainly, certainly will cause both actors of the
report to take an attitude of continuous research, discussion, attention and listening to each other. The laboratory acts as the emotional cornerstone of its two
core assumptions: to excite and to be excited.
Because learning and teaching involves, as we have seen, an emotional relation
for all the participants/actors in the process. Because a teaching of the mind cannot escape from a teaching of the heart. Because the feeling of the mind is the
feeling of the heart.

3. Experimental evidences and educational protocols

The reason we have presented this work is because, in order to clarify the possible implementation of a “Neuro-didactic approach”, it had become obvious the
need for a survey of the theoretical reference profile to come to a possible application of specific protocols.
Currently, research groups and scientists of education are trying to achieve applicable protocols for schools. Although the real acceptance of a teaching focused
on corporeality (which finds justification in the biological foundations of the
learning processes) is not still widespread, a first experiment was conducted at
a series of schools in the province of Salerno, in order to identify a methodology
that serves as an integrative background between the bio-neuro-scientific and
educational disciplines.
The Departments of Education Sciences and Pharmaceutical Sciences of the University of Salerno have promoted this project.
Before discussing the description of the project, whose analysis is not over yet,
we’d better carefully pay attention on the already emerged data. Indeed, this
project represents the first academic research that combines biological data
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with psycho-pedagogical data without making it become a health investigation.
Indeed, schools barely allow pedagogical researchers to investigate on the biological parameters, usually considered part of the only bio-medical areas. In the
light of these circumstances, the hypothesis of a neurodidactic methodology-approach shows particularly suited to the attempt to match the experimental data
of the neuroscientific research with the certainties deriving from the systematic
observations and the experimental psycho-pedagogical data of the educational
research. The proposal, in the didactic framework, of recreational-motor laboratory methodologies and approaches as independent variables aimed at enhancing the role of corporeality in the activation and strengthening of the
learning processes is, in effect, a real form of application of neurosciences to education.
3.1 Brief description of the research

The research is based on the idea that the activation and strengthening of
mnemonic processes might be indirectly related to the variation of the cortisol
hormone in its hippocampal feedback (Wang, 2005). Therefore, it was deemed
appropriate that proposing a teaching of corporeality could have efficacy in the
knowledge co-building, in the acquisition of awareness of the self and in the
long-term memory processes, assessed on the basis of a hypothetical answer in
the variations of the salivary cortisol. 250 pupils belonging to 10 classes from the
1st to the 5th grade of primary school have taken part in this assessment. As a
mode of action-research, the experimental classes have been taught corporeality,
for which the teachers had previously been trained, along with a traditional didactic of control groups. The effectiveness of the integrated didactics to corporeality has been evaluated through the biological parameter, the cortisol, by
comparing the variations to the data deriving from a quantitative and qualitative
assessment with the aim of evaluating the learning and psycho-pedagogical levels, such as the Visual Motor Integration (measurement of the visual-motor skills)
and the Potential Intelligence Test (measurement of the cognitive modifiability
in situations of adaptation).
Here is an overview that summarizes it all.

TOOLS

Salivary analysis

VMI

PIT

Verification sheet
Learning of the U.A.
Linked to the planning

Aims

Cortisol rate

Manual abilities

Potential
intelligence

Reasons of use

Possible correlation

Space-Time
organization

Problem Solving

During some months, the administrations of the surveys and the analysis of the
data have alternated according to the following schema
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PHASES

1

2

February/March 2011

19 of April, 2011

Teachers training (30 ore)

Administration of the
VMI (incoming)

Dates/
Periods
Activities
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PHASES

4

Dates/

6
19

Of
may

Of
may

Of
may

20 of
may

Administration of the
VMI (outcoming)

(experimentation)

9

31 of

01 of

may

June

may

23 of may, 2011

Administration of PIT
and Assessment
(outcoming)

Cortisol detection

8

26 of may, 2011

Periods

06 of may

Cortisol detection

18

30 of

05 of may

(pre-experimentation)

17

7

Dates/

Activities

16
Of may

Administration of PIT
and Assessment
(incoming)

PHASES

04 of may

5

09 of may, 2011

Periods

Activities

3

Cortisol detection
(post-experimentation)

06 of June, 2011

Assessment (final)

For what concerns the protocol of the activities promoted in the experimental
classes with the approach of the corporeal method, it’s possible to follow the
below tab.

PROTOCOL
2 h/ per day for the
U.A.
Proposed activity

consequences

20 minutes

40 minutes

20 minutes

40 minutes

Environment
exploration

Corporeal
experience

Verbalization

Metareflection

pro-active
predisposition

Corporeal
cognition

shared cognitive reprocessing

Curricular
contextualization

From the analysis of the quantitative data relating to a part it has emerged that
the corporeal didactic in the experimental classes has determined an elevating
cortisol rate of approximately 6 times more than the average of the initial surveys, which has improved back in the final phase of the project. Otherwise, in
the control classes, the increase of the cortisol rate has resulted constant and
slight and has improved, in the most part of the experimental class, in the final
phase. At the same time it was detected, by the verification tests, an increase of
the successful learning in the experimental class. With respect to VMI and PIT, it
has emerged an improvement in the performances of the experimental class. In
cases where the results should be extended to the entire sample, it may then
infer that it needs a higher cortisol rate in order to learn better, thus a healthy
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cognitive tension (Siegel, 2008). On this basis, a real protocol for a corporeal education (Gomez Paloma, 2009) as innovative methodology is able to foster training conditions that promote the interest and curiosity and critical attitude
towards knowledge in students1.
In conclusion, the reflections of Kandel about the existence of epigenesis, thus
a process of differentiation of the embryonic cells in later stages of development,
which underlies the environment, reveal the presence of a cerebral matrix naturally predisposed to the social context to which the child belongs from his/her
birth. And it is precisely the belonging context that makes possible the generation
of that experience which, according to LeDoux, selects the “intervention/activation” of specific synaptic circuits that coincide with a certain mental and “emotional” state. The hypothesis of the existence of an emotional brain attaches a
key role to the environmental inputs that are able to preserve or enhance the
neuronal networks.
This strengthens and supports the thesis that the cognitive processes are generally influenced by the environment rather than hereditary factors (Plomin, 2000).
Today it is perhaps possible to assert that all the recent contributions of cognitive
neurosciences, on a single thread, help draw an idea of cognitive and learning
development as processes that are deeply interconnected to the authentic experience of the “lived body”.
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abstract

Within the perspective of full inclusion, which recognizes diversity as an essential
human principle, special education aims to find new ways and new teaching
strategies to support the teaching-learning process and foster school achievement
of all students. Transmedia digital storytelling, that is the narration supported by
new technologies and distributed across different multimedia platforms, could
be a possible didactic methodology to foster learning because it meets students’
cognitive styles and attitudes, increasing their participation and motivation and
improving their different skills, allowing the effective personalization of the school
curriculum. Starting from a review of the scientific literature that highlights the
effective didactic value of transmedia digital storytelling also in the presence of
special educational needs, the aim of the present theoretical study is to suggest
a possible use of transmedia digital storytelling to support special teaching, in a
pedagogical perspective oriented to create personalized pathways targeted to
widen students’ cognitive potential in the full respect of their cognitive learning
styles. Specifically, it has been suggested a specific transmedia digital storytelling
architecture to experiment in school settings to avoid the dangers of the cognitive
load.

123

Introduction

124

The proposal of full inclusion adopted by the Italian school system leads to recognize the value of diversity as an inescapable element of a society embracing
and valuing the singularity as a universal human principle. This perspective has
led to adopt didactic-educational choices to facilitate the formative success for
one and all through open classwork, also in small groups, using peer tutoring or
cooperative learning strategies, together with a series of activities to foster
metacognition. Presently special didactics is enriched by new modalities of knowledge construction which meet the differences and the natural inclinations of
pupils, without leaving behind students with special educational needs and considering the individual cognitive styles.
Human beings have different learning styles. Each subject has a way to access information through a specific sensory canal. Some can assimilate received information in a visual way, others through the auditory canal or through the
kinesthetic one. Cognitive styles refer to the choice of cognitive strategies used
to solve a problem or a task and have to be considered as preferences in the use
of one’s own abilities (Messick,1984).
Many theories and studies affirm that students learn more easily when their
learning styles match the teaching style (Bajraktarevic, Hall, & Fullick, 2003; Felder
& Silverman, 1988; Graf, Lan, Liu, & Kinshuk, 2009; Hayes & Allinson, 1996). Felder
and Silverman (1988) put in evidence that students with a strong preference for
a specific learning style have difficulties when this style is not supported by the
teaching-learning environment. This clash may lead to school failure.
Indeed, it has been shown that if the teaching style matches the learning style
during the process of knowledge acquisition, learning becomes easier and more
natural, the results improve and the learning time is reduced (Rose, 1998). Dunn’s
studies (1989) already evidenced the importance of teaching using methods that
match students’ conceptual attitudes. Moreover, Cabrero’s research (2006)
showed how teaching strategies can affect even the quality of the teaching action,
not only from an individual point of view, but also from the collaborative perspective of the entire group. Clark, Hosticka, Schriver, and Bedell (2002) confirmed
that the didactic action, which is key for learning, should organize contents in relation to students’ cognitive styles, in order to achieve teaching objectives.
To promote learning in the most effective way, also teachers should know and explore their own cognitive and learning styles, to become aware of their preferences. The choice of their teaching strategy should then be oriented to facilitate
students’ reflection to identify their own cognitive and learning styles to valorize
individual differences which can become strong points upon which to act (Stella,
2011).
In the context of a society characterized by the evolution of technologies and by
the increasing possibility to use a great number of electronic media, the idea to
match technological tools with adequate teaching and learning styles has been
explored since the end of the nineties. There are lots of studies which document
the effectiveness of the combination of multimedia and hypermedia with learning
styles within the educational systems (Najjar, 1996; Liao, 1999). These studies aim
to associate the specific characteristics of e-media to the different categories of
learners and propose tools and methods for the assessment of learning styles
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(Riding & Rayner, 1998). Most of these studies are based on the Inventory Learning Styles (ILS) in Kolb (Kolb, 1984) and on the Index of Learning Styles (ILS) elaborated by Soloman and Felder (Soloman & Felder, 1993).
Moreover, the creation of a multimedia didactic environment, open to the expression of individual learning modalities, is necessary in all those learning situations where the relation between cognitive and affective-relational domains has
to be increased. Such situations include: (a) when different forms of intelligence
and specific operational characteristics have to be increased in value; (b) when
we decide to interpret knowledge as a process to share and to transform and not
as a given and unalterable datum (Ascione et al., 2012).
Much research in the educational field confirm the importance of considering the
way in which someone acquire knowledge particularly in special education, showing that cognitive styles have a predictive power as regards the school achievement, overcoming abilities and initial prerequisites (Sternberg & Zhang, 2001).
To meet students’ needs it’s clear that the use of a variety of educational strategies has to be included in the formative process, in order to support students who
are considered gifted/talented as well as those who have a difficulty or disability
that affects learning (Banister et al., 2005).
In recent years, the acknowledged didactic value of transmedia digital storytelling
has created all the premises to start a series of research work even in the special
didactics field, being an effective tool to elaborate knowledge and to equip special
needs students with the necessary skills. For example, an experimental study conducted by Sansosti, Powell-Smith and Kincaid (2004) has underlined that the use
of digital stories can provoke positive effects on children with autism, revealing
itself as a didactic tool with a high effective potential.
As concerns sensory disabilities, instead, research show how the use of sound in
digital narration allows children with visual impairments or with reading difficulties to access to multimedia stories autonomously (More, 2008). Furthermore,
the results of a pilot study conducted using storytelling and digital media with
children involved in programs of special didactics (Botturi et al., 2010) confirmed
their high degree of participation, as a pre-condition for learning. These children,
indeed, experienced the possibility to express themselves in different ways and
to be protagonists of a multimedia story which allowed them to interact with the
external world, creating the basis for the integration through relation and learning.
Starting from this review of literature it could be advisable to propose in school
setting teaching-learning strategies to support special didactics, in a pedagogical
perspective oriented to the individuation and realization of suitable didactic tools
which can foster personalized pathways, enlarging students’ cognitive potential
in the full respect of their cognitive styles and supporting the learning process.
Within this perspective, transmedia storytelling can be thus considered as a strategy since it authentically meets the students’ different cognitive styles and their
different educational needs, allowing to operate deviations (Berthoz, 2009; Sibilio,
2013) to organize learning process in an individualized way. At the same time,
however, transmedia storytelling makes the acquisition of knowledge more effective, by offering the opportunity to use a wide range of media tools able to
support the different cognitive styles in learning process.
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1. Didactic Potential of Transmedia Digital Storytelling
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Narration is the first interpretative and cognitive tool that man, as a socially and
culturally situated subject, experiences in his life (Bruner, 1986, 1990). Through
narration man gives sense and meaning to his experience, generating a lot of interpretative coordinates of events, actions and situations where he then builds
forms of knowledge which orient him in his acting. The aspect that characterizes
human experiences is, indeed, the re-elaboration of narrative thought within a
knowledge which is functional for living in a socio-cultural context that can be interpreted and gain meaning only if located within a cognitive and experience-related (personal and collective) continuum. Through narrative thought, man can
generate a complex network of events and situations, using stories and putting
in relation experiences in the form of a tale, actualizing them and making them
object of possible interpretations and processes of elaboration, interpretation,
comprehension, and construction of experiences. These are then actualized in a
specific context, making them meaningful, inscribing them within a network of
culturally-shared meanings, thus giving them continuity and unity (Striano, 2008).
Hence, each narrative continuum gains a united meaning inside the experience
of a person. This is known as “narrative unity” (Connelly, Clandinin, 1997, 2000).
Therefore, knowledge goes through narration and it’s not surprising that this word
derives from the Sanskrit word jn~a:na which means exactly knowledge. In this
perspective, storytelling, that is the narration of stories, takes on a leading role
in processes oriented to the acquisition of knowledge. In particular, the formative
value of storytelling was and still is an object of study and research in the didactic-pedagogical field, becoming a tool for promoting learning.
In this sense, storytelling gains a main role in the reflective learning process (Maturana et al. 1987) and in participative activities (Petrucco & De Rossi, 2009), because it’s able to enhance the capacity of making hypothesis and symbolic
projection of students (Jenkins, 2010).
The narrative approach in didactics facilitates moreover the integrated use in the
different dimensions of intelligence, in particular those related to linguistic, interpersonal and intrapersonal intelligence (Gardner, 1999).
Some studies have highlighted the experience-related aspect of storytelling as a
vehicle of socio-cultural contents, which generate a learning process that is situated and active (Mc Drury & Alterio, 2003), through the use of techniques such
as the role-playing and the problem-solving, where intentionality, conceived as a
motivating element, awards meaning to the learning process (Jonassen, 2000).
As a result of the evidence of the effectiveness of storytelling in teaching-learning
processes during the last years the digital component has actualized and enlarged
the didactic potential, thanks to the inevitable progress of new technologies and
of the digital and interactive era which characterizes the contemporary society.
Digital storytelling is thus every combination of narration with images, sounds
and new technologies which allow the sharing of the story.
The concept of digital storytelling was developed in the Nineties at the Center for
Digital Storytelling in California, where Joe Lambert (1994), the director of the
Center, after a multimedia theatrical project began to develop and spread digital
storytelling. Lambert focuses his attention on the personal interpretative dimen-

Research on Education and Media | V | N. 2 | December 2013

sion, emphasized in relation to other persons, to a place, to an interest or to
everything that can give a personal touch to the story, in order to activate the
emotional and empathic component of the digital story user.
The meta-cognitive and generating meaning potential of narration associated to
the digital element, indeed, acts on the perceptive elaboration making the reflection and the subjective interpretation of reality more concrete.
The creation of digital stories, together with their fruition, fosters participation
and attention, becoming an effective way to meaningful knowledge construction,
even through the contextualization of the narrated contents.
The narrative ability of man is also given by his necessity to remember events and
experiences. Lambert believes that digital stories support our mind and that “Stories are the large and small instruments of meaning, of explanation, that we store
in our memories” (Lambert, 2003, p.1).
Digital storytelling is thus a tool for supporting thought in its cognitive articulations, enlarging the same potentialities of the language faculty thanks to different
symbolic contributions which can intervene when language is not sufficient, offering nuances, explanations or analysis of the narrated story, giving shape to a
new complex text created by a multimedia cooperation (Lutas, 2011).
The didactic value of digital storytelling is thus traceable in the capacity of fostering cognitive processes, increasing the motivation to learn, activating memory
and allowing those who learn to hold the learned information and to develop the
interaction among students (Bruner, 1996; Zull, 2002) with the following improvement of the school performance of students (Schank, 1990).
During these years, in the wake of the studies which have underlined the positive
effect of digital storytelling on knowledge construction and on the motivational
aspect of learning, a specific field of research has been developed concerning its
didactic value.
Burmark (2004) reported that digital storytelling is an effective approach to help
students in gathering information, creating new ideas and organizing their knowledge, hence improving the comprehension of the contents to learn.
Robin (2008) put in evidence that digital storytelling engages students in the discussion of the themes narrated in the story and helps them to organize their concepts in a more structured and understandable way.
Lowenthal and Dunlap (2010) developed a Community of Inquiry based on the
approach of digital storytelling to give teachers and students a means of communication and sharing of knowledge in Internet.
These studies supported the use of digital storytelling in educational and school
contexts. For example, Emily N. Skinner and Margaret C. Hagood of the Charleston
College proposed the use of digital storytelling to develop literary identities with
English language students (Skinner e Hagood, 2008), indicating it as “a venue for
helping English language learners to acquire more than just English as a second
language, foundational literacies or informational technologies skills, but also to
use English to make sense of their lives as inclusive of intersecting cultural identities and literacies” (Skinner & Hagood, 2008, p.29).
Other studies stressed how digital storytelling can become a tool to integrate traditional literacies with contemporary literacies (Gregori-Signes, 2008).
Bran (2010) suggested that digital storytelling, thanks to the combination of images, sounds and texts, can contribute to catch the eye of students and allows
their school achievement.
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In this perspective, digital storytelling represents an alternative valid didactic strategy which offers a great support to learning, involving students in “situations”
and engaging them in the activities of problem solving and decision making, supporting processes of meaning construction and of interpretations of events and
experiences (Wakefield et al., 2013).
As a result, the use of the digital element has facilitated the passage from monomediality, which characterizes the traditional narrative form, to multimediality,
which, “is semiotically built on the combination of a multiplicity of codes and languages (written and oral words, sounds, images)” (Rivoltella, 2008, p.203), allowing integration and interaction on a sensory, linguistic and technological level
among word, sound and image, facilitating the management of new communicative channels.
In this way, the written and oral forms of traditional narration overcome their sequential, linear and closed nature (typical of press and books) and enter the realm
of hypertextual narration, constituted by a reticular structure, open and flexible,
able to create relations and links between texts, images and sounds (Diaz Noci,
2003), offering different didactic opportunities.
Through the involvement of other perceptive channels and of different cognitive
capacities, this new process of narrative and thought construction, thus increase
the human sensory system (De Kerckhove, 1999) and becomes an imitation of
human reasoning process because it proceeds with the association of ideas (Garcia de Torres, Pou Amerigo, 2003), endorsing the selective function of the brain,
which allows to distinguish and select the information offered by digital narration,
stimulating new forms of reasoning, as making inferences. The high degree of
participation reached by students represents the main change caused by digital
media. Jenkins, indeed, talks about participatory culture to indicate the overcoming of the user’s passive reception of messages and contents, students in the case
of didactics, towards more collaborative and co-constructive processes for the
production of new meanings (Jenkins, 2006).
Another component which can contribute to the didactic value of storytelling is
the transmediality. Transmedia stories “are stories told across multiple media”
(Jenkins, et al., 2006, p. 46). Characterizing element of this narrative style is therefore the development of a single story through narrative objects of various nature.
Hence, transmedia story telling is “a particular narrative structure that expands
through both different languages (verbal, iconic etc.) and media (cinema, comics,
television, video games, etc.). It is not just an adaptation from one media to another” (Scolari, 2009, p.587) and, in this context, “Transmedia story telling “can
be seen as a new dimension of the multimodal discourse”(Scolari, 2009, p.589).
Narrative structure of this kind are commonly found in brands such as “Pokemon”,
“Matrix”, “Marvel”, “DC Comics” etc. The narrative universe of the brand “Matrix”
integrates, for example, “multiple texts to create a narrative so large that it cannot
be contained within a single medium” (Jenkins, 2006, p. 95).
In this sense, transmedia stories do not necessarily imply the use of digital narrative objects (for example, the story may develop through narrative objects and
textual narrative objects based on images, without making use of digital technologies). Therefore, it will be used herein the locution “trans-media digital storytelling” to refer to the narration of stories that involve the development of a
narrative universe through digital narrative objects (video, video games, audio).
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From this point of view the digital trans-media storytelling is understood as a subset of the larger concept of trans-media storytelling. Transmedia thus tends to
the creation of an augmented narrative (Jenkins, 2007) which implements narrative pedagogy through the creation of interactive story-worlds able to sustain student’s engagement and the development of concepts and skills related to
different disciplinary domains, its didactic implication is a fundamental element
of the current pedagogical reflection (Scolari, 2009; Pence, 2011;Teske &
Horstman, 2012).

2. Suggestions for Special Teaching

Considering the outlined characteristics of transmedia digital storytelling, it appears as a potentially effective teaching tool that can increase the engagement
of students, making each student an active participant of his/her own educational
pathway through processes that require to build and manage the representation
of the narrative universe of the story “told”.
The peculiar type of a narrative structure, however, would require the users to
master all the media used in the “story” regardless of their own cognitive characteristics.
For example, analyzing the structure of the narrative universe of the brand “Matrix” proposed by Jenkins (2006), it is clear that, since this is spread across three
movies, an animation movie, some comic books and videogames, the user must
reconstruct the story, collecting, integrating and unifying information from media
of different nature.
Therefore it would seem that, in order to have a full understanding of the narrative universe, the student is required to master many different kind of media regardless of his/her cognitive preferences and to adapt his/her own cognitive style
to all the media that will be implemented in it. This would make some contents
inaccessible to those who need special answers to their educational needs because of their specific cognitive characteristics. For example, a user with reading
deficits could not use the media of the “cartoon”, so giving up a full understanding
of the story.
To personalize the educational pathways and to overcome these problems, teachers are required to structure narrative universes in a modular way so that each
section of the story will be exhaustively enjoyed through narrative objects based
on different media but designed to convey the same contents. In this way, interacting only with the most proper media, users may follow a pathway suited to
their cognitive style.
In this way, trans-media digital storytelling could be experimented as an effective
tool for special teaching aimed at identifying appropriate strategies able to meet
the cognitive styles of users, without incurring in the “effect of redundancy”
which, according to the theory of the cognitive load (Sweller et al., 1985; Paas et
al., 1993), postulates that learning worsens if the student has to process simultaneously multiple sources of information that have the same content (Landriscina,
2012).
From this perspective, the structure of digital transmedia storytelling, characterized by the presence of narrative objects of different nature, seems to be the
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natural result of a teaching planning which takes into account the individual differences, curbing at the same time the dangers of the cognitive load.
Suppose, for example, to tell a story divided into 7 narrative objects (figure 1),
the integration of these objects will form the narrative universe, while the individual objects will contain only part of the information.
By providing different versions, both multimedia and not, of any single narrative
object so that it can be enjoyed through various media (text, video, audio, images), the users may only follow a path of enjoyment suited to their own cognitive
style, interacting with the most appropriate media.
In addition, a structure of this type would allow students to trace back the narrative process several times from different perspectives, gradually bringing them
closer to the different media used and allowing them to appreciate and understand the specific literacy.
It is not the simple enjoyment of the same content found in multiple media, but
rather, the ability to appreciate how the use of different media may change the
unitary perception of the story and how they talk to each other in different ways
according the route of use below.

'

Figura 1

Conclusions
because it can engage actively all students in adequate didactic environments that meet
t

Ine summary, transmedia digital storytelling seems to be a proper teaching strategy
for special education because it can engage actively all students in adequate didactic environments that meet the students’ needs, stimulating their interest and
T
their active participation during the construction of knowledge. In light of this
conceptual scenario, it leads to the creation of an environment where educas
tional
experiences take place through the research and the exploration, activating
playful learning strategies by situated problems and needs and by shared objectives (Varisco, 1999; Rivoltella, 2003).
The multiform and multimodal nature of the digital and transmedia elements, together with the evocative power of the narration, make transmedia digital storytelling a didactic tool able to meet the different cognitive styles of students,
it leads to the creation of an environment where
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requiring at the same time teachers’ competence to structure its architecture in
order to be really suitable for those students who have specific cognitive preferences.
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