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1. Introduction
This document describes the MaTHiSiS learning storyline, aiming to provide a high-level description
of the way users interact with the MaTHiSiS platform. It deals with three types of users that enable
the learning process for a learner in the MaTHiSiS ecosystem (the so called “enablers”), namely the
instructor/tutor, the caregiver/parent and the individual learner (dependent or independent of a
tutor and/or caregiver).
The storyline differs from use cases in that it is an informal, reader friendly and less technical
description of the interactions of the actors with the system. It also differs from scenarios and
personae in that it is more generalised and abstract in the objectives and activity descriptions, albeit
providing hints in order to guide scenarios and personae development.
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2. User story in a nutshell
2.1. Enabler: tutor
As a tutor, I want to teach in a smart learning environment so that my students can reach learning
goals I set more effectively. The learning environment should:


adapt learning directives based on the needs, competences and requirements of each of
my students,



decide on appropriate actions to take so as to best fulfil my learning goals,



be able to use and adapt among different agents available in the classroom that deliver
these actions.

2.2. Enabler: caregiver/parent
As a caregiver/parent, I want to aid my child’s learning process so that my child manages to
effectively achieve learning goals in his/her homework or pursue additional skills. The learning
environment should:


adapt learning directives based on the needs, competences and requirements of my
child,



decide on appropriate actions to take in order to best fulfil the learning goals my child
ventures to achieve,



be able to use and adapt among agents available at home that deliver these actions.

2.3. Enabler: individual learner(s)
As a learner, I want to boost my learnt skills and/or learn about new directives in my work so that I
can improve my competencies, adapt to changes in my work or pursue new skills. The learning
environment should:


adapt learning directives based on my needs, competences and requirements,



decide on appropriate actions so as to take to best fulfil my learning goals,



be able to use and adapt among agents available to me that deliver these actions.
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3. Storyline
3.1. Enabler: tutor
The tutor (in this case, a school teacher), being at the school office, turns on a personal computer
(PC) to enter the MaTHiSiS platform application. S/he navigates to the educational material creation
and management interface where a small introductory pop-up (Figure 1) informs her/him that in this
area one can retrieve or create a “Learning Graph” (LG), i.e. educational components and relations
between them, which will guide the process of materializing a learning process that will led to the
achievement of her/his teaching objectives. Moreover, it informs her/him that such educational
components in the MaTHiSiS concept consist of: (i) smart learning atoms (SLAs), i.e. atomic and
complete piece of knowledge1 which can be learned and assessed in a single, short-term iteration,
and (ii) the learning goals of a course.

Figure 1: Learning Graph editor intro popup

Then, the tutor chooses to ‘Open’ an existing Learning Graph. As the system asks to navigate locally
in her/his computer, s/he realises that this option loads a Learning Graph directly from her/his PC.
Since this is the first visit to the application, there are no Learning Graphs already created by this
user, therefore s/he doesn’t select this option. The ‘Browse repository’ option is chosen, where s/he
is presented with a list of Learning Graphs that other MaTHiSiS contributors have made available
publicly, along with some example graphs that the MaTHiSiS platform provides. S/he doesn’t see
anything useful regarding his/her objectives, but opens an example graph to get a basic idea about
how a graph should look like. After understanding the concept, s/he closes the example graph and
carries on to create a new graph from scratch.
The tutor selects ‘New’ and opens a new blank document, where one can do the following
operations:
(i)

To create new SLA nodes and assign them with labels,

1

“Knowledge” in this context is a generalization and might refer to either competences, skills or attitudes from
the cognitive, psychomotor or affective domains (Bloom, et al. 1956) respectively.
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(ii)

To create new Learning Goal nodes and assign them with labels,

(iii)

To create edges that connect SLAs with Learning Goals and, optionally, Learning
Goals with other Learning Goals,

(iv)

To assign a weight of significance to each edge, denoting the importance of the
source SLA (or, optionally the related learning goal ) to the target Learning goal.

(v)

To make a reference from each SLA to specific learning actions that fulfill this SLA.

Figure 2 depicts an example of SLAs and learning goals and how they are connected in a Learning
Graph. They consist of the graph’s vertices, for which the LG stores its respective type. At this point
of creation, the graph is unpersonalised, i.e. no weights are assigned to the graph’s vertices.

Figure 2: Examples of SLAs (orange nodes) and learning goals (blue nodes), connected in a Learning Graph.

Figure 3 illustrates the initialisation process, elucidating how an enabler creates or retrieves a
learning graph.

Figure 3: Enabler initialising the Learning Graph selection/creation

Moreover, when creating an SLA, the tutor needs to provide information regarding the possible
learning actions that can materialise teaching this SLA to the learners. To do so, the tutor right-clicks
on the newly created SLA and goes to the interaction menu, where, depending on the platform
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agents, which arrived with the specific version of the MaTHiSiS platform, s/he has a list of possible
learning actions. Learning actions are precise activities to be deployed in the real world, which each
platform agent interprets in different ways2, based on the materials and artefacts available in
different learning environments (classroom, factory, etc.). Then, s/he attaches each SLA of the
unpersonalised Learning Graph to at least one learning action. Figure 4 illustrates how an SLA is
attached to (one or more) learning actions, and how these are attached to corresponding
interpretations for each of the MaTHiSiS platform agents. After creating some SLAs, learning goals
and weighted relations between them, the unpersonalised learning graph is saved to the computer
and exported to the cloud (optionally), to have it publicly available3. S/He, then finishes by closing
the graph editing interface.

Figure 4: Snapshot: from SLAs to Learning Actions to tangible educational materials

After completing the task of creating the LG and attaching learning actions to SLAs for the course,
s/he opts to provide some initial information about the students (Figure 5). The tutor teaches in a
class with children with autism, so there is some initial information that can be provided about the
students concerning some of their personal needs/requirements. S/He picks up the class’s student
list and navigates to the learner profile interface. A new profile for each student is created, where
2

Since the technical aspect of how learning actions are defined and attached to specific interpretations (i.e.
how they are materialised by platform agents, for instance through the Sequencer or other means) is not yet
decided within MaTHiSiS, this version of the document will not analyse the process of populating, accessing
and storing the learning actions’ list and the actions’ interpretation process. The storyline will be updated
accordingly after this technical aspect has been established.
3 Having a LG publicly available has two benefits: (1) making it available outside school/home premises, to be
used by more than one enablers ( we can consider a scheme to have it password-protected if an enabler wants
to share it to a limited audience, or provide different moderation rights) and (2) enabling communities to
contribute re-usable knowledge in the LG repository.
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s/he assigns them with a unique learner id and provides some initial information about them, like
specific learning disabilities, physical impairments, etc. Finally, s/he attaches the learning graph she
has created as a “working graph” for each learner of the course. This completes the design of the
course for this class. S/he then repeats this process to create another graph with completely
different objectives for another class.

Figure 5: Creating learners' ids and profiles

When it’s time for the course, the tutor enters the classroom, turns on the classroom PC and
activates the school’s available learning platform agents: a NAO robot and an interactive whiteboard.
S/He picks the Learning Graph appropriate for this class. The MaTHiSiS system creates personalised
instances of the unpersonalised learning graph for each student and initialises them by assigning
competence weights for each SLA possible, based on the initial user information from the user
profiles. Figure 6 illustrates an example of an instance of a graph for a specific learner. Weights of
SLAs denote learners’ competence scores over them and are derived from the user profile initially
(default: 0 if no information is available) and also from the learner’s behaviour and results obtained
during the learning process, as extracted by the MaTHiSiS platform. Weights of learning goals
(outlined in red) denote achievement scores and are produced based on the weights of the SLAs or
achievement of learning goals that affect them in combination with the significance (edge weights)
that each source has over the target goal.

Figure 6: An instance of the in LG in Figure 2 for learner "A"

Based on the SLAs’ competence scores in each learner’s instance of the LG and the learning actions
attached to each SLA in the core LG (Figure 4), the MaTHiSiS system suggests several learning actions
for each learner of the class (in this initial phase where little personal information is available,
suggestions might tend to be similar for most learners). The tutor goes over these learning actions,
while s/he views how they are interpreted by each platform agent (i.e. how each of the available
agents will perform it), for each student of the class: the learning process starts with an interactive

Contract No.: 687772

Page 12 of 19

MaTHiSiS Learning Storyline

reading exercise on the whiteboard and a series of actions performed by NAO to facilitate building a
toy tower, starting from fetching building blocks (Figure 7).

Figure 7: Realising learning actions based on personalised learning graph instance

Then, the tutor encourages each student to interact with the platform agents so as to let the system
capture their affective response and provide input to the MaTHiSiS platform, so that it can adapt the
learning process to the students’ capabilities to complete (or to their difficulty to perform) the
learning actions. The tutor initialises the platform agents by providing the unique id of each student,
as they are serialised in the Learning Profile Repository, and which the agents follow afterwards, in
order to retrieve the learning actions corresponding to each learner’s instance of the Learning Graph.
S/He lets each child interact with one or both platform agents. As some students switch between
NAO and the whiteboard, the system is able to follow their progress seamlessly among agents and
adapt learning activities on both agents based on this shared knowledge. Regarding this class, s/he
opts to try having sessions where all students alternate in interacting with both agents. However,
when reusing the core LG s/he decides that given the subject of her/his other class, NAO is not that
useful and s/he will use only the whiteboard in that setting.
While attending the children, the tutor glimpses to the PC to check out how the MaTHiSiS platform
has re-prioritised the agents’ learning actions per student and s/he regulates how the learning
actions should be delivered, according to which student the tutor wants to focus on in any given time
during class.
By the end of the day, s/he returns to the office PC to check how the personalised Learning Graphs
have evolved for each student. The tutor revisits the Learning Graph editor interface and selects the
option ‘Open instance’. Then, s/he opens one of the initial non-personalised Learning Graphs created
earlier and choses the option to show registered students. The system provides her/him with a list of
the students’ learner ids to pick from. This enables the tutor to open the personalised instances of
the graph per student so that s/he can assess the achievement of each student for the learning goals.
The MaTHiSiS system has captured the affective behaviour of the students and has updated their
competence for some or all the SLAs in the graph as they went through the first day’s learning
process; based on this competence, the system has computed an achievement score for each
learning goal in the graph per student.
This feedback, in combination with what the tutor has observed personally in the classroom, makes
her/him realise that a certain SLA plays a more important role to a particular goal than s/he originally
estimated. Thus, s/he goes back to the plain ‘Open’ option, opens the learning graph and edits the
non-personalised graph, raising somewhat the significance between this SLA and goal.
The learning process of a course goes on accordingly until the end of the semester, at which point
the tutor reviews the progress reports produced by the learning analytics components of the
MaTHiSiS platform, for all of her/his students. The reports summarise results on the achievement
scores of all goals in a course’s learning graph, as well as on the competence scores of all SLAs in the
graph, for each student. Summaries are visualised on the MaTHiSiS interface in a corresponding

Contract No.: 687772

Page 13 of 19

MaTHiSiS Learning Storyline

reporting view. The tutor then decides whether a student has fulfilled the set of goals, based on
criteria4 that s/he has personally defined, and therefore can move on to a more advanced course, or
whether s/he has not adequately achieved the goals. In the latter case, the tutor might decide that
e.g. the student should repeat the course, move on to a different course with lower difficulty, or shift
to a course with different objectives whatsoever, etc.

3.2. Enabler: caregiver/parent
The parent accesses the MaTHiSiS platform from the home PC. S/He wishes to help with her/his
child’s schoolwork and continue the learning process at home. As the parent has no pedagogical
background, s/he doesn’t have the knowledge to create a Learning Graph by herself/himself.
Therefore, s/he browses the Learning Graphs on the cloud, and identifies the graph used at the
child’s school; it focuses on teaching basic sensorimotor skills, like painting, woodcraft, clay sculpting
etc. and the tutor has informed her/him on how to identify it on the cloud. This allows the parent to
continue her/his child’s schoolwork, right where the child left it, at home. Therefore, s/he then
connects to the Learning Profile Repository and logs in with her/his child’s learner id (also provided
by the tutor)5. The child is autistic, and the parent realises that the tutor has neglected to define
explicitly that the child’s autistic disorder is Asperger’s syndrome, therefore s/he adds it to its profile,
which readjusts the child’s graph instance, both at home as well as in the school6.
The parent then enables the platform agent that s/he will use to materialise the learning process (the
family tablet) and connects it with the child’s learner id through the MaTHiSiS mobile interface. S/He
hands the tablet to the child and chooses to initiate the process. Based on the child’s recommended
actions from the system and the goals set by the learning graph that the parent wants to focus on
today, the MaTHiSiS platform agent starts the learning process. The parent decides to focus on
painting and the system opens a paint application for her/his child to practice on. S/he hands over a
stylus pen to the child, who begins interacting with the application. Progress made is reflected in the
learner profile and graph considering both processes at home as well as in the school setting.
The next evening, the parent revisits the MaTHiSiS platform to reprise on the child’s learning of
school material. After yesterday’s round, the achievement score on the painting learning goal has
risen, while other goals have been marginally affected. The system proposes actions to improve
her/his child’s skill in woodcraft, even when no woodcrafting can actually take place on the tablet.
Rather, the MaTHiSiS system selects the learning actions that should be performed (e.g. if the parent
uses the LG in Figure 2 and, from all SLAs connected to woodcrafting, the child’s instance indicates a
weakness to the shape identification SLA, therefore actions that improve shape identification are
prioritised) and adapts the interpretation of how these actions can be delivered to the capabilities of
the tablet. Consequently, the MaTHiSiS platform finally delivers an interactive shape pointing game,
which can help the child to identify shapes. The parent agrees with the system’s recommendation
and chooses this action to take place. Then, parent and child go through the game together.

4

Criteria might involve setting an average score threshold over all goals, achieving 90-100% competence over
70% of the goals in the learning graph, etc.
5
Learners’ profiles are not available publicly. However, to facilitate learning in different contexts (e.g. from
school, at home), a profile can be made available among enablers of the same LG (tutor, parent/caregiver,
learner), while the MaTHiSiS system provides security and the choice (to the initial profile creator) to give
access and appropriate moderation privileges to other enablers.
6
At this point, some notification is made to the tutor to let him/her know some modification in the learner
profile has been made and the personalized learning graph has been adapted accordingly.
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3.3. Enabler: individual learner(s)
Two different learners decide to undergo a vocational training course with the aid of the MaTHiSiS
platform. The first one is interested in improving her/his vocational skills to boost her/his career
pursuits, while the second one, an industrial worker, is interested in learning about new technologies
adopted recently in her/his industry. They both access the platform from their home PCs. They
retrieve a Learning Graph from the repository that the Career guidance counsellor and the Human
resources training department, respectively, have prepared and made available in the Learning
Graph Repository. They also browse through community-contributed public Learning Graphs and are
both intrigued by a “social skills in the workplace” learning graph that they stumble upon, so they
both add it to their learning process. They each create a user profile, realising that they can define
their learning abilities and difficulties. Therefore, they both declare in their initial user profile certain
salient relevant competencies7 (e.g. adjustability, digital literacy, cooperation) while the second one
additionally states that s/he has trouble concentrating but is also hyperactive at times.
They both decide to train in their spare time and mostly using their mobile devices. The first learner
mostly uses his laptop at home and tablet when he meets his career guidance counsellor. The second
learner trains mostly on his tablet and smartphone on the bus ride to work every day. In the
morning, they visit the MaTHiSiS platform from the home PC, pick their Learning Graph to
concentrate on for the day and go through the goals. The first learner goes on to visit her/his career
guidance counsellor, while the second one starts the bus journey to the office. They both log on to
the MaTHiSiS system from a tablet.
On the first day, both learners focus on their main (work-related) learning graphs. They will delve in
the social skills graph another day. For the first learner, the MaTHiSiS system automatically choses
an “adjustability training” exercise. S/he completes the exercise and then s/he discusses her/his
results with her/his counsellor. The learner also taps into her/his learning progress, as captured by
the MaTHiSiS learning system, through her/his tablet8 and s/he discusses it with her/his counsellor.
The second learner is presented with a video tutorial concerning a part of the operation of a new
piece of machinery that will arrive at work and upon its completion, with a small set of questions
about what s/he just saw (questions may concern comprehension, ability to implement acquired
knowledge, etc.). The next morning, before leaving the house, s/he checks her/his progress report on
that learning graph, produced by the MaTHiSiS system based on her/his (re)actions on the video and
progress in the questions, and adjusts the daily training objectives accordingly. For her/his next
session on this graph, the system has decided to skip a few steps in the explanation of the operations
of the machine and move to a more advanced video and difficult questions, as her/his achievement
was extremely good the first day, while s/he also seemed to be bored, as captured by the sensorial
components of MaTHiSiS.
On the third day, both learners happen to highlight the social skills graph, with the first learner using
her/his laptop at home and the second one her/his smartphone, again on route to work. For this
graph, the MATHiSiS system decides to feed them both with a game, each day, chosen based on their
learning progress and (optionally) the learning goals they select to focus on, e.g. a strategy game to
improve task delegation, an action game where they have to work with another participant to
achieve a goal to boost cooperation in the workplace, etc. Today, the industrial worker is playing the
strategy game. As s/he progresses, the game becomes more difficult and s/he builds up frustration.

7

Can be anything, but it is better if they align with SLAs from the LGs. This can be aided based on e.g.
questionnaires provided by the institutions/tutors/enablers that created the graphs (i.e. a LG may optionally
come with a user profile initialisation questionnaire, both stored in the LG repository).
8
This can also be performed by the counsellor in her/his pc (the learner’s progress is online and accessible to
those interested and have accessibility rights), as explained in the “tutor” case.
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Due to this frustration the system decides to decrease the game’s difficulty on the spot, allowing the
learner to re-engage in playing and learning with more concentration.
The learning process goes on until all goals in a given learning graph have reached a 100%
achievement score, in which case a flag is automatically raised in the MaTHiSiS system which marks
the learning graph as complete. Fulfilling a goal to 100% requires the learner having reached 100%
competence on all the SLAs that affect that goal.
For example, in the last stages of the “social skills” graph, the industrial worker might have achieved
all goals but one, pending completion (in terms of competence) of a specific SLA9. At this point of the
learning process, the learner plays a game that trains her/him for that particular SLA. After s/he wins
the game at the highest difficulty level, the MaTHiSiS system updates the competence score of the
SLA s/he was training on to 100% and in turn updates the achievement scores of all learning goals
affected by this SLA (in this example only one goal is affected). Therefore the last unfulfilled learning
goal reaches an achievement score of 100%, the completion flag is raised and the MaTHiSiS platform
displays a message congratulating the user for completing the “social skills in the workplace” learning
graph.
The MaTHiSiS platform also keeps a record that the learner has completed the particular graph in
her/his profile, which is reflected on the MaTHiSiS interface (marking a LG as completed by e.g.
changing its title’s colour, adding a checkmark next to it, or superimposing a ‘completed’ watermark
over the entire graph when the learner opens it etc.).

9

Requires the following conditions: only this goal is affected by this SLA, all other goals in the learning graph
have been fulfilled and all other SLAs affecting the last remaining goal have already reached 100% competence.
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4. Conclusion
This document presented the storyline recounting the procedure that MaTHiSiS users go through to
actuate the MaTHiSiS learning process. Its goal is to provide a non-technical, user-centric narrative
over the MaThiSiS use cases and to serve as the guideline to formulate scenarios and personas within
the MaTHiSiS ecosystem.
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