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Abstract—This paper presents the IoT ready platform of the 
MaTHiSiS H2020 EU project. Sensing devices are used to capture 
the affect of learners during their interaction with learning 
material, which comes in the form of serious games although 
other forms are also considered. This interaction may use mobile 
devices such as smart mobile phones and tablets, but also robots. 
Within the context of MaTHiSiS, a learning process is broken 
down into “learning atoms”, i.e., pieces of knowledge that may 
not be further divided. A set of learning atoms leads to a 
“learning goal”, which is set by the tutor. The process of learning 
is non-linear, i.e., the order of learning activities that are 
presented to a user and are connected with a learning atom may 
be different per user. This personalization process may also have 
an influence in the difficulty of the learning actions and is 
modeled using the concept of the “learning graph”. The overall 
system architecture complies to the IoT paradigm. A set of 
representative serious games developed for different use cases 
that exploit the available IoT infrastructure to personalize the 
learning experience is also presented. 
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I. INTRODUCTION 

During the last few years, advances in several research 
areas such as electronics, telecommunications and informatics 
have led to the so called "revolution" of the Internet-of-Things 
(IoT) [1]. The main idea of IoT is that daily used physical 
objects (i.e., the "things") are enhanced with the embodiment of 
short-range and energy efficient mobile tranceivers, which 
allow them to connect to the Internet. IoT derives from such an 
extensive networking and is expected to find numerous 
applications within a broad range of heterogeneous areas. 
Industry, logistics, building and home automation, smart cities 
and smart manufacturing are only few of the areas that have 
benefitted from the limitless opportunities [2] offered by this 
new research area which has been considered by some as the 
"next industrial revolution" [3].  

IoT ecosystems typically adopt a service-oriented architecture 
(SoA) [4]. This means, that every part of the ecosystem 
whether being a hardware object (e.g., a measuring device) or 
some kind of software (e.g., an algorithm that processes the 
measurements of the device) is exposed to the outer world as a 

web service. More specifically, by web service we denote a 
self-contained unit of functionality, which offers its services to 
other "things" via the Internet. Such services may be typically 
categorized into three distinctive categories, based on their 
role within the ecosystem. More specifically, a) sensing 
services are used to capture some physical property (-ies) of 
the real world. In few cases they slightly process these 
measurements before they broadcast them; b) processing 
services whose role is to process and/or analyze the acquired 
measurements of the sensing services. Upon processing, they 
expose the inferred results; c) actuating services that enable 
certain actions, using as input the results of the processing 
services. Typically, applications that are designed with the 
goal to be deployed within an IoT ecosystem conform to the 
aforementioned SoA paradigm, involving distributed sensor 
networks at various scales, distributed processing modules and 
actuation elements.   
On the other hand, serious games [5] within the classroom are 
considered to be the the next step in the educational/training 
environments. Recent developments mainly in the fields of 
informatics and hardware have made equipment such as a 
robot or even a tablet affordable to the masses. Although the 
ideas of serious games used for training exist for the last few 
decades, only recently they have been actually used within the 
classroom in mass education. Their main idea is to provide an 
attractive and motivating environment for their users so that 
the learning process becomes more effective.  
Apart from the fact that students may prefer them over the 
traditional learning processes, they also have several 
significant advantages. Firstly, it is easier to acquire an 
assessment of the users’ achievements. Secondly, they may 
adapt to the user’s special needs, competences and 
performance more easily. Finally, in many situations they may 
be used efficiently even outside the classroom/training 
environment, since no special equipment is required. Since the 
aforementioned serious games typically require some kind of 
equipment to interact or observe (i.e., sense) their user, they 
may be developed to be compatible with IoT ecosystems, as 
previously described.  
In this work we present the IoT-ready approach of the 
MaTHiSiS project, which is based on a platform that supports  



 
 

 
 

personalized, non-linear learning based on the users’ affect 
state as collected by one or more sensors. The user is presented 
with some kind of learning material. A learning goal is set and 
the road to the achievement of this goal is divided into several 
tasks, which will be referred to as learning actions and are 
materialized as serious games. The user’s affect state is 
continuously monitored by devices such as cameras, 
microphones etc., depending on the materialization. 
The rest of this paper is organized as follows: Section II 
presents related work in the fields of personalization within 
serious games in education. Next, Section III describes the 
idea of personalization based on learning graphs, section IV 
presents the technical architecture of the MaTHiSiS systems 
that capitalizes on IoT to implement the personalization 
approach. In section V we present the serious games that adapt 
to the cognitive and affect state of the learner, while section VI 
provides valuable conclusions.  

II. RELATED WORK 

The main innovation of our approach is personalization of 
serious-games based education based on affect detection in the 
wild. Existing solutions show a rapid development of the 
market. The most representative ones are: the personalized e-
learning system using item response theory [15], adaptive i-
Learning Management Systems based on standards (aLFanet) 
[16] and Tsal’s progressive attentional training [17]. They 
offer a combination of machine learning techniques and user 
modelling for adaptive learning with multiple scenarios taking 
into consideration various personalization sources like 
previous knowledge, learners cognitive abilities and progress 
through the course. Likewise, a number of commercially 
available adaptive learning technologies on the market like 
Knewton, DreamBox Learning, Smart Sparrow are the 
examples of systems that capture learner’s data and use 
learning analytics to facilitate tailoring of the learning paths. 

Although the solutions have already proven their effectiveness 
in terms of academic achievement of the learners as well as 
their users’ satisfaction, they come with certain deficiencies: 
first and foremost they do not capture the temporal status of 
the learner, i.e. whether they are bored, engaged, frustrated, 
which has direct impact on the learning process evolution and 
relevant satisfaction leaving significant potential for 
improvement. Second, the majority of them requires the 
investment of significant amount of time for training the 
system and parameterization (which is not yet automated), still 
requiring a lot of manual and sometimes intensive design and 
codification tasks, which impedes rapid uptake of the adaptive 
learning systems in the teaching and learning communities. 
Another limitation is the fact that they are offered to a limited 
range of customer segments (due to limitations of technology 
to address specific needs of a wider group of segments, lack of 
domain knowledge).  
 
In MaTHiSiS, we extend personalization to also take into 
account the learner’s affect state using different IoT devices 
including cameras (available in laptops or robots), inertia 
sensors (available in tablets and smartphones) and micro-
phones among others. Exploiting the camera recordings, facial 
expression analysis can be achieved. The facial expressions 
are often considered as the strongest indicator communication 
tool of human emotions. It displays people’s feelings and 
mood state, from simple spontaneous emotions like happiness 
and disgust to time-dependent affective expressions states like 
anxiety, boredom and engagement in during a current task 
and/or a situation. The graph-based method’s algorithm 
presented by D. Antonaras, et. al. in [6] exploits the ability of 
face facial image to be represented as a graph. A facial 
landmark detection algorithm locates specific areas of the 
faces using points of interest that are therefore used also to 
create the graph. Different emotions invoke different 

Figure 1: A learning graph 



movements of facial muscles and, thus, different positions of 
the points on the image yielding dissimilar graphs during an 
image sequence. Using this variation of the graphs, the 
algorithm predicts the different emotions per certain 
timeframes. The main steps of this algorithm are the face 
detection in the input image, the landmark (point of interest) 
detection, the feature extraction and finally, the facial 
expression classification. The performance of this algorithm 
using Cohn-Kanade [7] dataset to predict affective state 
reached a classification score that rounds up close to 100% 
accuracy. 
With respect to inertia sensors, many recent studies support 
the potential usage of recognizing users’ emotional states 
through various inertia sensors such as accelerometer and 
gyroscope [8][9][10][11]. Inspired by the research performed 
by Coutrix [12], an affect recognition system which exploits 
the expression through 2D and 3D gesture using 
aforementioned sensors can be implemented. In MaTHiSiS we 
expand this method focusing on the recognition of 
engagement, boredom and frustration. This three-dimensional 
and continuous space can be accurately mapped to affective 
states from the theory of flow. The features extracted are 
analysed in order to detect common patterns which can allow 
the system to infer the affect state of the user. Ideally, these 
features will help in the identification of erratic movements or 
unexpected behaviors such as the lack of motion or 
interactions with the devices. This information could denote 
frustration or boredom respectively. Emotion recognition 
based on gaze and speech cues have also shown to lead to high 
accuracy [13],[14] and are employed in MaTHiSiS system 
capitalizing on the relevant IoT services and the 
implementation of relevant algorithms in cloud infrastructures.  

III. THE MATHISIS PROJECT 

MaTHiSiS is an H2020 project that aims to promote a 
holistic approach to education, enabling seamless learning in a 
variety of learning environments and for different learner styles 
and needs. The learning vision is to provide a system that 
would be able to fit the needs of several educational/training 
contexts, ranging from mainstream education to vocational 
training. Moreover, it would be able to support both 
neurotypical learners, as well as learners with learning 
disorders. The pilot activities of MaTHiSiS cover both formal 
and informal education. Also, heterogeneous learning 
environments are supported. Users may interact with the 
MaTHiSiS platform inside the classroom, at home or even 
while commuting and may use a typical personal computer, a 
tablet, or even a smart mobile phone.  

MaTHiSiS aims to provide a whole new ecosystem that will 
facilitate non-linear learning processes, which may be 
personalized in real-time and by considering the users’ 
affective state. It consists of a fully integrated multi-agent, 

interactive platform, which is complemented by a set of re-
usable learning components. The platform is also able to 
automatically provide feedback and to assess a learner’s 
progress and behavioral state. Games play a significant role 
within the whole process.  

More specifically, a teacher (or tutor, in general) is 
responsible to define a non-linear learning experience. For such 
an experience, several learning objectives may be required. The 
platform is able to adapt the whole learning experience to the 
personalized needs of each user. The personalized process takes 
place into real-time, during the learning process. A learning 
goal is firstly set by the teacher. As learning goal, we denote 
the piece of knowledge, skill or competence, which should be 
acquired upon the learning process.  In the context of 
MaTHiSiS, a learning goal may be divided into learning atoms, 
each comprising an atomic, yet complete piece of knowledge, 
skill or competence, which may not be further divided. Thus, a 
learning goal is the most primitive piece of knowledge towards 
a given learning goal. Note that a learning atom is reusable; a 
tutor may associate each with one or more learning goals. 

The whole approach is graph-based (i.e., learning atoms 
comprise a graph) and allows the tutor to a) define the 
importance of the achievement of a given learning atom 
towards the ultimate learning goal, by setting the corresponding 
edge weights; b) to associate each learning atom with different 
learning actions and/or materials; and c) to adapt the weights of 
the nodes per user. Note that these weights reflect the 
personalized aspect of learning per user and are set based on 
her/his affect which is recognized by specialized sensors and 
processing units, as will be discussed in section IV. Overall, a 
learning graph may be seen as a learning scenario. Tutors are 
allowed to design their own learning graphs and are able to 
reuse learning atoms and learning actions, or define their own.  

Adaptation (i.e., personalization) to a specific user is 
automatically performed. Her/his affect state is continuously 
captured while tutors are able to intervene at any time. Of 
course, personal needs such as disabilities or any kind of 
preferences are also stored in the users’ profiles. Their 
emotional state is used to trigger the change of stimuli/learning 
activities provided. This way, for example, when a user is 
recognized to be in the state of “frustration,” she/he may a) be 
guided to overcome the difficulty that may be the cause of this 
emotional state; b) be given the option to start a collaborative 
learning experience; or c) a different learning material may be 
presented to her/him. The overall goal is to keep the user 
engaged within the whole learning process.  

An example of a learning graph is illustrated in Fig. 1. The 
learning goal is “Numbering.” A tutor has defined that the goal 
may be achieved through a set of three learning atoms, namely: 
a) counting (Counting); b) association of numbers to quantities 
(Assoc. Quant.); and c) distinguishing between the notions 
“greater-than” and “less-than” (Discrim. Great-Less). As it may 
be observed, the largest weight is the one that corresponds to 
the discrimination, thus it is considered to have the most 
significant importance towards the learning goal. Note that in 
the presented case, each of the three learning atoms may be 
achieved by a single activity, which is actually a mini game. 
Given the competence level of the learner, a level of difficulty 
for the materialization of a learning action is decided by the 
platform. A personalized instance of the graph is therefore 
computed each time and weights may adapt to the competence 
achieved and the current affect state of the user.  



IV. THE MATHISIS ARCHITECTURE 

The architecture of the MaTHiSiS platform has been 
carefully selected in order to realize the aforementioned vision 
which is based on the graph concept. It mainly consists of two 
sets of components that interact: a) components that are 
implemented within user devices which shall be referred to as 
platform agents (PAs); b) components that are implemented in 
the cloud, which shall be referred to as Cloud-based Learner 
Space  (CLS). Within the pilot activities of MaTHiSiS, the 
PAs are laptop/desktop computers, smart mobile phones, 
interactive robots and robots. Through the PAs, users 
(depending on their role and the PA) may have access to 
authoring tools, platform configuration components, execution 
of learning experience and a simple UI for managing user 
accounts. The core elements of MaTHiSiS are depicted in Fig. 
2. 

 
Figure 2: The architecture of MaTHiSiS 

 
The core component of the MaTHiSiS ecosystem is the 

cloud learning space. More specifically, the learning 
experience, i.e., the execution of a learning graph and the 
materialization of the learning actions take place in the 
experience engine. The generated interactive content may take 
multiple forms, according to the location of the users. The 
decision support system provides and collects learning 
analytics as well as information regarding the users’ affective 
state, so as to adapt and personalize to the users. The learning 
graph engine is responsible for the instantiation of the learning 
graph depending on the output of the decision support system. 
Finally, all information is stored within the repository.  

The platform agent layer is instantiated into each device 
used, comprising by a UI between the user and the cloud-
based learner space and also a component that is responsible 
for the execution of the learning materials; both consist the 
experience service. All sensors that are embedded within the 
user devices and are used for the detection of the affect state 
comprise the sensorial component. Their readings are sent to 

the cloud, and upon the detection of the affect, the graph may 
adapt to reflect the affect’s new state.  

The user roles within MaTHiSiS are tutors, learners and 
caregivers. Tutors are those that select the learning graph, 
define the learners and select the appropriate device for each, 
while the learning materialization is selected by the platform. 
Learners interact with the learning action materialization 
(while in the case of individual learning they also take the role 
of tutors). Finally, the role of caregivers is complementary to 
the previous two. They are responsible to prompt learners to 
interact with the learning material in cases where this is 
needed. 

We should herein emphasize the analogy of the MaTHiSiS 
architecture to the one of a typical IoT ecosystem, as it has 
been described in section 1. Our system has sensors, which 
may be either integrated within the devices that host the 
learning experience (e.g., integrated cameras of laptop 
computers, accelerometers of tablets/smart phones) or are 
placed within the learning environment (e.g., 
cameras/microphones). Each sensor corresponds to a sensing 
service and is used as input to a processing service, i.e., the 
detection of the user’s affect state, which is implemented in 
the decision support system. Actuation takes place by 
dynamically personalizing learning graphs and adapting to 
each user based on her/his affect and performance. Since all 
processing services run in the cloud, we consider the 
MaTHiSiS ecosystem as an example of an IoT-ready platform, 
which is planned to evolve to ensure scalability and provide 
seamless interconnection with any kind of sensing devices.     

V.  SERIOUS GAMES WITHIN MATHISIS 

 In this section we will present the implemented learning 
materials that have been developed in the context of the 
MaTHiSiS project and have been tailored to suit the specific 
needs of the devices that are available for the pilot actions. 
Currently, materializations that make use of a robot (i.e., the 
robotic layer) and also mobile devices (i.e., the mobile layer).  

 

Figure 3: A happy avatar congratulates the user 

A. The Robotic Layer 

1) Games that are based on the Turtlebot robotic platform 
 A Turtlebot1 robotic platform is used along with learning 
goals which aim to improve the students’ mathematical skills, 
literacy or language comprehension. More specifically, the first 
learning materialization, i.e., the improvement of mathematical 
skills uses the robot to ask the learner to identify the 
largest/smallest number between a series of numbers that are 
presented in the screen and given on cards. An avatar depicted 

                                                           
1 https://www.turtlebot.com/  



on the robot’s screen asks the learner which of a set of three 
numbers (which may be five/eight based on the difficulty set by 
the tutor) is the largest and which is the smallest one. The 
learner shows one of the cards, which corresponds to her/his 
answer. If the answer is correct, then a cheerful sound is 
played, the robot moves horizontally and the avatar’s face 
changes to a happy one (Fig. 3). When the answer is wrong, a 
sound indicative to a failure is played. The robot moves 
rotationally and avatar’s face changes to a sad one. The same 
series of events takes place in case the user does not respond, 
within a predefined amount of time (timeout). The interaction 
continues for a number of times, based on the difficulty and 
upon the completion the score is sent to the decision support 
system.  Another similar application is also used to improve the 
learners’ mathematical skills, by asking them to provide a 
series of number in order. The third application is used to 
associate numbers to quantities.  

 

a. b. 
Figure 4: Learner showing a card representing a syllable and a 
screen of the Turtlebot guiding the word composition activity. 

 
Figure 5: Turtlebot guiding the word recognition activity 

 

 
Figure 6: Turtlebot following the learner during the word 

recognition activity 
 

As for the improvement of literacy, the goal is to teach learners 
about word composition or association of words with the 

characteristics of objects. This application allows the learners 
to construct words with cards that depict syllables. The robot 
shows a picture of an object (Fig. 4b) and provides the learner a 
set of syllables, which should be used to compose the word that 
represent the object. The learner shows the card (Fig. 4a) in 
some order and the avatar then provides positive or negative 
feedback after each card is shown. When a correct syllable is 
shown, the word to be represented is built accordingly on the 
screen to guide the learner. When the word is finished, 
feedback is provided and the kid is congratulated by the robot. 
Another application is used for word recognition. The robot 
shows a letter and then the learner is asked to pick up the 
picture of the object starting with that letter among the 
provided cards (Fig. 5). The objects can be located in different 
parts of the class and the learner will look for them. During this 
activity, the robot follows the learner (Fig.6). QR coded are 
attached to objects, so that the robot will be able to confirm 
them. Another activity consists in finding what two pictures 
have in common, the solution is chosen among given options 
(available cards). Firstly, the robot shows two pictures. 
Meanwhile, the learner has several cards with words available 
and chooses the one that represents a term that both pictures 
have in common. Feedback is provided by the robot, which in 
case of success, congratulates the learner at the end. 

Another set of activities aims at improving the language 
comprehension of the learners, in addition to reading skills. 
Firstly, the robot shows a sentence, asks the learner to read it 
and to show the corresponding picture among those provided. 
In order to perform the activity, the learner should visit the 
picture where the situation described in the sentence is 
represented. The pictures are placed in the walls of the class. 
An initial learning activity is included to evaluate reading and 
comprehension skills. During this phase, the learner is asked to 
read the sentence in the screen and then, the robot notifies if the 
learner read the sentence correctly, based on teachers’ 
evaluation. Then, the learner has a set of pictures available in 
the walls of the class and one of them represents the situation 
described in the sentence. In case of success, the avatar 
congratulates the learner at the end. A “fill the gap” activity has 
also been implemented as part of the same learning goal. The 
robot first asks the learner to complete the sentence choosing 
the correct word among those provided, by showing an 
incomplete sentence. The learner has a set of cards with words 
to complete the sentence. Furthermore, an activity to associate 
words to a concept is available. The robot shows pictures and 
written words and asks the learner to match them and read the 
word while it used. 

 
a. b. 

Figure 7: Turtlebot’s avatar representing a feeling and a card 
shown by the learner as part of the learning material 

 



Emotion recognition is a challenging task for children and 
especially for people suffering from autism spectrum disorder. 
To this goal, two different activities have been designed, 
aiming to aid on the improvement of this skill, by training the 
learner to differentiate among different emotional states based 
on face expressivity. The first activity allows learners, 
especially those with autism, to train their emotional skills and 
improve their capabilities to recognize emotions. First, the 
robot displays pictures of people/cartoons expressing different 
emotions to the learner. Under each picture, the name of the 
emotion appears (Fig. 7a). Then, the robot randomly shows one 
of these pictures (without the corresponding label). The learner 
has cards with the possible emotions (the ones which were 
initially shown) and has to select the correct one (Fig. 7b). 
Feedback is provided by the robot, which congratulates the 
learner at the end, in case of success. A variant of the previous 
activity has also been implemented. In this activity, the learner 
has to recognize the emotion without previous help. First, the 
robot displays a picture of a person/cartoon expressing a 
concrete emotion.  The learner has a set of cards with the 
possible emotions and has to select the correct one.  Feedback 
is provided by the robot, which in case of success congratulates 
the learner at the end. Finally, a set of activities have been 
designed to improve motor/coordination skills. In that case, the 
applications defined require functionalities which are not 
available in this platform agent. However, taking advance of 
the re-usability of learning material that has been implemented 
in MaTHiSiS, this can be materialized through learning 
materials that have been developed to be used in other platform 
agents. These applications are web-based games that can be 
deployed in computers, tablets and smartphones. TurtleBot uses 
these applications and enriches them by providing an added 
value, including visual feedback through the movements of the 
robot. 

2) Games that are based on the NAO robot 
A NAO robot 2  has also been used in the context of 

MaTHiSiS. Most learning materials that are used with the 
NAO as platform agent depend on verbal or visual interaction 
of the robot with the learner. 
Within the Emotion Recognition learning goal, the robot asks 
the learner to pick a number of cards depicting faces, to show 
them to it one by one and say the corresponding emotion. The 
cards that are placed in front of the learner depict faces with 
distinct expressions. Depending on the level of difficulty the 
faces may be sketches, drawings or photographs of people. 
The robot verbally explains the game to the learner, if she/he 
has not played it before. The learner taps the robot on the head 
and the game begins. The learner picks a card and shows it to 
the robot. The robot asks for the name of the emotion that the 
card shows. The robot gives feedback to the learner and after 
three iterations the game finishes and the robot responds 
accordingly. Similarly, an activity used for the identification 
of emotional facial expressions slightly differentiates than the 
previous one; the robot says an emotion and the emotion and 
the learner has to pick the card that depicts this emotion. 
 

                                                           
2 https://www.ald.softbankrobotics.com/en/robots/nao  

The first activity designed to improve the learner’s math skills 
requires comparison of numbers. Note that the range of the 
numbers depends on the level of difficulty. Firstly, the robot 
explains the game to the learner, if she/he has not played it 
before. Then, the learner taps the robot on the head and the 
game begins. The robot says two random numbers, asks which 
is smaller or greater and the learner responds verbally. The 
robot gives feedback to the learner and after three iterations the 
game finishes and the robot responds accordingly. The second 
activity consists of sorting the numbers. The robot says five 
random numbers and asks the learner to repeat them one by one 
in ascending order. Again, the range of the numbers depends on 
the level of difficulty. 

Another goal is to improve the learner’s motor skills. The first 
activity requires the imitation of motor sequences. The robot 
performs a sequence of gestures and asks the learner to repeat 
them in the same order. Note that due to the lack of action 
recognition of the NAO robot, this material is assisted by the 
tutor. Again, the robot explains the game to the learner, if 
she/he has not played it before. The learner taps the robot on 
the head and the game begins. The robot performs an action. 
The complexity of the action depends on the level of difficulty. 
The learner performs the action, imitating the robot. The tutor 
taps the robot on different sensors depending on the learner’s 
response. Finally, the robot verbally gives feedback. The 
second activity aims to train the spatial perception of the 
learner. First, the robot asks the learner to touch a part of its 
body and with the use of its sensors, it then recognizes the 
response and gives appropriate feedback to the learner. 

A series of activities has been designed to improve the learner’s 
language skills. Within the first activity the learner has to find a 
synonym of a word that is said by the robot. The options are 
also given verbally by the robot, but only one of them is 
correct. As the difficulty level rises, the words that are chosen 
are conceptually harder. The robot explains the game to the 
learner, if she/he has not played it previously and the learner 
taps the robot on the head and the game begins. The robot says 
the word and also says the three possible synonyms of the first 
word. The learner responds verbally and the robot gives 
feedback to the learner. After three iterations the game finishes 
and the robot responds accordingly. A slight variation uses 
antonyms instead of synonyms. Another activity aims to 
improve the learner’s skills regarding semantics. In brief, the 
robot talks about a topic and then it asks the learner to say a 
word that is relevant to this topic. A tutor-assisted activity aims 
to improve spelling skills. The robot asks the learner to write 
down a word. As it is not possible for the robot to recognize 
different handwriting styles, the tutor responds if the learner 
spelled it correctly or wrong. An activity to improve the 
learner’s vocabulary begins with the robot saying the names of 
various objects and asking the learner to match the names with 
the pictures that are laid in front of her/him. The difficulty level 
defines the number of cards used. More specifically, upon 
verbal explanation of the game by the robot, the learner taps the 
robot on the head and the game begins with the robot saying 
the name of an object. Then, the learner picks a card from the 
pool and shows it to the robot. The robot recognizes the marker 
on the card and gives feedback to the learner. After three 
iterations the game finishes and the robot responds accordingly. 



A variation of this activity requires matching objects to pictures 
and repetition of their name. This learning material is actually 
the same as the one previously described, with the addition that 
the learner is asked to repeat the name of the object after 
showing the card to the robot. Within another variation, the 
robot says the name of an action, e.g., “wake up” and the 
learner has to pick and show the correct word card to match it. 
Alternatively, the robot says a word and then asks the learner to 
pick the card that has the word written on it. An activity to 
evaluate the pronunciation of the learner starts with the robot 
saying a word and then asking the learner to repeat it. As the 
difficulty level increases, the number of syllables in the 
requested word increases accordingly. Finally, in a variation 
the robot says an incomplete sentence and the learner has to say 
the missing word. 

To improve the learner’s attention skills, the first activity 
requires matching sounds to emotions. The robot plays a sound 
that expresses a basic emotion (e.g., laughter, crying etc.) and 
then it asks the learner to say the name of this emotion. Then, 
the learner has to say the name of the basic emotion that the 
sound represents and the robot responds accordingly, 
depending on the correct or wrong answer of the learner.  

 
a. b. c.  

Figure 8: NAO asking the learner during the interaction and 
examples of two cards corresponding to the learner’s answers 

 
In order to improve sequencing skills, another activity requires 
sorting of pictures into logical order. Cards depicting various 
actions are placed in front of the learner and the robot asks 
her/him to show them to it in the correct logical order (Fig. 8a); 
e.g., the cards may show a child waking up, dressing, eating 
and leaving the house (Figs. 8b, 8c). The level of difficulty 
defines the number of cards in the sequence. When the learner 
shows the cards, the robot gives feedback after each card by 
recognizing the marker on each. A variation requires the 
learner to pick cards that are placed on the floor one by one in 
order to construct a correct sentence. Each card has one word, 
and the number of cards is dependent on the difficulty level. 

Finally, navigation is another skill that the designed activities 
are planned to improve. The first activity aims to the 
identification of left and right. The robot raises one of its hands 
and then it asks the learner which hand was the one that it 
raised. The robot stands up. Depending on the difficulty level 
the robot may turn its back to the learner or keep facing 
her/him. The learner has to reply verbally and the robot gives 
feedback to the learner. Recognition of left and right direction 
is similarly materialized. In this case, the robot points to a 
direction and then asks the learner to say which direction it 

pointed to. In case of learning to turn left or right, the robot 
asks the learner to make it turn, using an external application 
that is provided, to the left or to the right side. This learning 
material requires the tutor to place one marker to each side, 
next to the robot. The learner performs this action using the 
external application and the robot recognizes the marker and 
provides feedback. A more advanced activity requires the 
learner to match pictures to rooms. More specifically, the robot 
says the names of various rooms that exist in a house and asks 
the learner to match the names with the pictures that are laid in 
front of her/him. The difficulty level defines the number of 
pictures that are placed in the pool. The learner picks cards 
from the pool and shows them to the robot, which then  
recognizes the marker on each card and provides feedback to 
the learner. The last activity requires the learner to navigate it, 
so that she/he finds a certain location, which is asked by the 
robot (e.g., table, backboard, etc.). Navigation is performed 
using an external application Markers need to have been placed 
in advance at the desired locations. When navigation is 
finished, the robot gives feedback to the learner 

B. The Mobile Layer 

Within MaTHiSiS, the role of mobile devices such as smart 
mobile phones and tablets is crucial, since, contrary to the 
aforementioned robots, they provide an economical solution 
for schools and as well as for individual learners. Moreover, 
they are equipped with gyroscope and accelerometer, which 
may be used to sense the learner’s affect during interaction 
with the learning material. Finally, they may be easily 
connected with the cloud, where processing takes places. 
Therefore, in the context of MaTHiSiS, several learning 
activities have been designed to exploit the specific properties 
of mobile devices as platform agents. 

 
a. b. 

 
c. d. 

Figure 9: Examples of learning materials that use mobile 
platform agents 

 
An activity for enriching vocabulary and object recognition, 
prompts the user to name the object that is depicted on the 
screen and provides instructions to fill in the word describing 
the picture (Fig. 9a). Further variations offer the selection of 
the appropriate picture among those that are proposed that 
matches the words on the screen. Apart from correct/wrong 
answer, the time it took to complete the tasks is recorded. For 
the learning goal of memory improvement, a set of cards are 



shown to the learner while they must turn them over one by 
one finding the pairs with same images (Fig. 9b). This activity 
is provided in three difficulty levels, with an increasing 
number of cards. Score and number of correct guesses are 
recorded. As for the learning goal of motor skills and memory, 
the learner is presented a sequence of interactions on piano 
keys and the goal of the game is that she/he would repeat the 
sequence playing a melody (Fig. 9c). The game starts with the 
challenge pressing one key at a time gradually increasing the 
number of keys to repeat based on the difficulty at which the 
game is played. The recorded result falls into one of the 
following categories: failed, passed or mastered. In use cases 
of autism and learning disabilities, a labyrinth game activity 
helps learners to develop hand-eye coordination. The game 
levels are based on the difficulty of the labyrinths the learner 
must navigate using navigation buttons on the screen, through 
adding more complex turns (Fig. 9d). The learners’ aim is to 
move a “monster” along the obstacles/walls of the labyrinth 
and make the monster eat the cookie placed at the exit of it. 
Success and time taken are recording.  
Finally, we should herein emphasize that we have developed a 
learning material that assumes the interaction between two 
learners, situated in different classrooms using tablets or one 
using tablet and another using a computer. Emphasis is on 
collaboration therefore a home screen that emphasizes this is a 
team effort and not a competition between two “players” is 
required. For a collaborative game, the two learners may well 
come into the game with various levels of competency. Their 
level at the end could be separately calculated, by taking into 
account their individual performance and how much help they 
had from or gave help to their partner. If both learners have 
similar affect profiles at the end of the game, next presentation 
of collaborative material could be the same for both. The 
alternative scenario is that one ends the game in a different 
affect state. We assume here that if a learner is bored, it is 
because the level is too easy for her/him, so the bored learner 
should be prompted to help the other one. This also makes the 
assumption that when a learner helps someone who is less 
competent, she/he becomes more engaged. 

VI. CONCLUSIONS AND FUTURE WORK 

In this paper we presented the IoT ready platform of the 
MaTHiSiS project which relies on several heterogeneous 
devices, which host the learning materials. It is able to provide 
from low-cost solutions to sophisticated interaction using 
robots. Overall, MaTHiSiS may be characterized as a system 
that provides individualized and personalized pedagogical 
contents, adapting in real-time to the emotional response and 
intellectual level perceived by sensors, in a way that cannot be 
implemented by a teacher alone. 

Initial driver pilots in diverse use cases of Education (i.e., 
mainstream, learners with PMLD and within the autistic 
spectrun) and in 3 countries (i.e., Italy, Spain and UK) have 
shown the effectiveness of the overall approach, they system's 
usability and performance. Currently,  a second round of pilots 
(assisted pilots) reaches its end. These pilot activities make use 
of a prototype integrating the aforementioned technologies and 
the goal is to work in almost real-life conditions and assess the 

user experience and the suitability of offered services. Initial 
results mainly from tutors indicate the effectiveness and the 
potential of the MaTHiSiS approach. 
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