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Technical aspects of MaTHiSiS
the delivery of the learning content. Through
the MaTHiSiS context, these devices will
easily orchestrate the same learning goals
and perform affect capture, while, at the
same time, they will deliver a unique humanmachine interaction experience.
MaTHiSiS has been defined to make the
product’s complexity transparent to the
users (both for end users and administrators),
providing user-friendly interfaces, taking
into account content and code re-usability
and providing a seamless portability of the
system to different educational setups.
Furthermore, all these developments are
based on principles of privacy-by-design
and ethics awareness, by incorporating all
necessary data acquisition and management
procedures across all levels of the platform
and pilot procedures of the project.

The MaTHiSiS ecosystem is an educational
platform designed to offer an anywhere/
anytime experience which provides innovative
modules to support the implementation of
adaptive, non-linear, ubiquitous, affective,
game-based and (micro-)learning.
In order to ensure the adaptive and affective
learning character of the platform, novel
learning analytics, making use, not just of
learner performance, but also of profile
characteristics and affective responses, is a
cornerstone in the development of MaTHiSiS.
The MaTHiSiS learning analytics approach
warrants the non-linearity and microlearning nature of the learning experience by
driving personalized learning paths aiming
at maximizing learner engagement. Affect
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analysis in MaTHiSiS is achieved through
a multitude of sensors, the eyes and ears
of the MaTHiSiS platform. These sensors
enable the performance of facial analysis and
gaze estimation (using video data), mobile
device-based emotion recognition (using
inertial sensor and touch screen events), body
posture analysis (through depth sensors),
speech recognition and speech-based affect
recognition (using audio data).

Last but not least, MaTHiSiS will make
available tools for integrating new materials
and agents in its platform to warrant an easyto-use capability and the upscaling of the
system. To that aim, latest Artificial Intelligence
techniques will make it possible to learn the
nature of new materials or agents. That is,
how can we make use of acquired knowledge
throughout the project for getting to
understand how a learner should interact with
a new Platform Agent and unseen sensors?
How will affective states be estimated
efficiently in the absence of a big volume of
training data? The new domain in Artificial
Intelligence, namely knowledge transfer,
will take care of this aspect of re-usability in
MaTHiSiS.

Another fundamental pillar of the project is
the heterogeneity of the platform, aiming
at addressing a wide variety of educational
contexts: for this reason, the project’s
envisaged use cases include 5 different
scenaria, in order to ensure efficient and
effective interactions for learners with different
types and levels of disabilities (including
autism spectrum and profound and multiple
learning disability learners), non-diagnosed
learners in mainstream education, industrial
training and career guidance distance
learning.

In order to provide a broad application
potential and to ensure efficient ubiquitous
learning across a variety of educational
contexts, MaTHiSiS incorporates diverse
agents, particularly robots (namely Nao
and TurtleBot), mobile devices, interactive
whiteboards and personal computers for
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Piloting MaTHiSiS

Pedagogical aspects of MaTHiSiS

“A first series of pilots will be organized in
schools, aiming at testing the MaTHiSiS
platform while addressing a wide range of
students in mainstream education schools
and in special education schools with
pupils within the autistic spectrum and with
profound and multiple learning difficulties.
In previous research studies, children have
benefitted from using computers and mobile
devices to help them with their learning. The
MaTHiSiS platform can break a task into very
small components and present the student
with small chunks of learning material that
can be taught using different technologies
such as interactive white boards, educational
robots and mobile devices. All of these
would be connected so that information can
be collected about how well the learner is
learning. This will allow the presentation of
learning material to constantly adapt to the
learner’s needs.
For education, piloting will be carried out
in approximately twenty schools spread
across Italy, Spain and the United Kingdom,
involving overall around 300 students and
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50 tutors from three different use cases:
Autistic Spectrum case, Profound and
Multiple Learning Disabilities case, and
Mainstream Education Case. This process
will be divided in three piloting phases with
approximately two sessions of 30 minutes
each per week at every school involved. After
each of the piloting phases, an evaluation
of the experience of the students and tutors
with the platform will be performed using
several methods, such as questionnaires and
interviews, to see how easy they found using
the new platform, what problems they had,
if any, and what they would like improved.
The teacher will also encourage children
to express their views on the system using
whatever method is best for their level of
ability. All this will help making the system
better for the next phase, aiming to enhance
the user experience and the learning process.
During the third phase, a set of video
recordings of each session will be made so a
comparison of what happens using MaTHiSiS
against what happens in a normal classroom
teaching and the engagement of the students
in both scenarios can be analysed.”.
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Zones of Proximal Flow

learning possible for a student with external
support [1].

“Zones of Proximal Flow” combines two major
Researchers have described their use of an
pedagogical concepts to arrive at a strategy
approach based on these two concepts to
for keeping students engaged in classroom
teach game and simulation design in middle
activities [1].
school classrooms. They used an inquiry
The first is Vygotsky’s Zone of Proximal
based approach with scaffolding provided
Development which distinguishes between
by their teachers to guide students, through
what learners can learn independently
Vygotsky’s Zone of Proximal Development,
and what learning they can achieve
back in to Csikszentmihalyi’s state of flow for
with assistance from a tutor or a more
an ideal learning experience [1].
knowledgeable peer [2].
Borrowing from these concepts is ideal in the
The second is the concept of Flow which
context of MaTHiSiS since they give access
has its origins in Csikszentmihalyi’s study
to ‘in the moment’ states of the learner
of intrinsically motivated activities [3, in 1],
such as boredom (when there is insufficient
whereby a high degree of immersion in a
challenge), and Frustration (when there is too
learning activity can result in an optimal
much challenge) [4,5] that can be detected
experience, where the learner is in control
using sensor data to form an affective model
and performing at the limits of their ability.
of each learner to support the adaptation
and personalization of learning. There are
Flow focuses on the individual– an individual
also early stage empirical data that begin to
is in flow when challenges are balanced with
indicate the existence of Zone of Proximal
skills. The Zone of Proximal Development, on
Flow and its possible effectiveness [1].
the other hand, focuses on when challenge
exceeds skill and the range of additional
But how to narrow down the choice of
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Events & News
which affect states to monitor in a learning
experience? Then let’s choose the most
relevant ones to the development of
knowledge and other competences – those
of Frustration, Boredom and Flow [6]. Goal
achievement is also reciprocally related to the
learner’s emotional state [7].
But how is this related to MaTHiSiS?
Guided by the state of affect the MaTHiSiS
platform can capitalise on the Zones of
Proximal Flow theory to create a positive
and effective learning experience for each
learner. The MaTHiSiS methodology focuses
on understanding and defining the level of
learner achievement of one or more pieces of
knowledge or skill, encapsulated in the Smart

Learning Atom (SLA) concept. SLAs are
atomic and complete pieces of knowledge
[8] which can be learned and assessed
in a single, short-term iteration, targeting
certain learning goals. More than one SLA,
working together on the same graph, will
enable individuals to reach their learning and
training goals. The SLA difficulty (termed
competence weight) is directly related to
the skill level in the Zone of Proximal Flow
theory. Through this correlation, MaTHiSiS
can determine the appropriate level of
challenge for each learning task, to maintain
the learner in an optimal condition where both
engagement, as well as skill is maximised.

[1] Basawapatna, A., Repenning, A., Han Koh, K., and Nickerson, H. (2013). The Zones of
Proximal Flow: Guiding Students Through a. Space of Computational Thinking Skills and
Challenges.. University of Colorado

MaTHiSiS paper accepted for CSEDU 2017
The paper entitled “Personalized, affect and performance-driven Computerbased Learning”, co-authored by C. Athanasiadis, C.Z. Lens, D. Koutsoukos, E.
Hortal and S. Asteriadis, has been accepted for the 9th International Conference
on Computer Supported Education (CSEDU 2017), which will take place in
Porto (Portugal) from the 21st to the 23rd of April, 2017.
MaTHiSiS at IntelliSys 2017
MaTHiSiS will be present at the IEEE Technically Sponsored Intelligent Systems
Conference (IntelliSys) 2017 conference that will take place in London, United
Kingdom, from 7 to 8 September 2017.
Intelligent Systems Conference (IntelliSys) 2017 will focus on areas of intelligent
systems and artificial intelligence (AI) and how it applies to the real world.
IntelliSys is one of the best respected Artificial Intelligence (AI) Conference.
IntelliSys provides a leading international forum that brings together
researchers and practitioners from diverse fields with the purpose of exploring
the fundamental roles, interactions as well as practical impacts of Artificial
Intelligence (AI).

[2] Chaiklin, S. “The zone of proximal development in Vygotsky’s analysis of learning and
instruction,” Vygotsky’s Educ. theory Pract. Cult. Context, pp. 1–21, 2003
[3] Csikszentmihalyi, M. (1997). Finding flow: The psychology of engagement with everyday life.
Basic Books.
[4] Nakamura, J., & Csikszentmihalyi, M. (2009). Flow theory and research.Handbook of
positive psychology, 195-206.
[5] Nakamura, J., & Csikszentmihalyi, M. (2002). The concept of flow. Handbook of positive
psychology, 89-105.
[6] S. D. Mello, R. Picard, and A. Graesser, “Towards An Affect-Sensitive AutoTutor.”
[7] E. Psy-, International Handbook of Psychology in Education. 2010.
[8] Bloom, B. S., M. D. Engelhart, E. J. Furst, W. H. Hill, and D. R. Kratwohl. (1956). Taxonomy
of Educational Objectives, Handbook I: The Cognitive Domain. New York: David McKay Co
Inc., 1956
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