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List of Acronyms
Abbreviation / acronym

Description

AI

Artificial Intelligence

ASC

Autism Spectrum Case

API

Application Programming Interface

xAPI

Experience Application Programming Interface

BO

Business Opportunity

CGDLC

Career Guidance Distance Learning Case

CLS

Cloud-based Learner’s Space

DOA

Description of Action

DSS

Decision Support System

E2B

Education to Business

E2C

Education to Customers

E2E

Education to Education

EP

Exploitation Plan

EU

European Union

GPL

General Public License

ICT

Information Communication Technologies

ITC

Industrial Training Case

IWB

Interactive WhiteBoard

LGPL

Lesser General Public License

LM

Learning Material

LMS

Learning Management System

MEC

Mainstream Education Case

MOOC

Massive Open Online Course

OECD

Organisation for Economic Co-operation and Development

PESTLE

Political, Economical, Societal, Technical, Legal, Environmental
analysis

PMLDC

Profound and Multiple Learning Disabilities Case

Contract No.: 687772

Page 7 of 113

D1.2 – MaTHiSiS Exploitation Plan M24

Abbreviation / acronym

Description

SLA

Smart Learning Atom

SWOT

Strength, Weaknesses, Opportunities, Threats

UN

United Nations
Table 1: Definitions, Acronyms and Abbreviations
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Project Description
The MaTHiSiS learning vision is to provide a novel advanced digital ecosystem for vocational training,
and special needs and mainstream education for both individuals with an intellectual disability (ID)
and neuro-typical learners. This ecosystem consists of an integrated platform, along with a set of reusable learning components with capabilities for: i) adaptive learning, ii) automatic feedback, iii)
automatic assessment of learners’ progress and behavioural state, iv) affective learning, and v) gamebased learning.
In addition to a learning ecosystem capable of responding to a learner’s affective state, the MaTHiSiS
project will introduce a novel approach to structuring the learning goals for each learner. Learning
graphs act as a novel educational structural tool. The building materials of these graphs are drawn
from a set of Smart Learning Atoms (SLAs) and a set of specific learning goals which will constitute
the vertices of these graphs, while relations between SLAs and learning goals constitute the graph’s
edges. SLAs are atomic and complete pieces of knowledge [1] which can be learned and assessed in a
single, short-term iteration, targeting certain problems. More than one SLA, working together on the
same graph, will enable individuals to reach their learning and training goals. Learning goals and SLAs
will be scoped in collaboration with learners themselves, teachers and trainers in formal and nonformal education contexts (general education, vocational training, lifelong training and specific skills
learning).
MaTHiSiS is a 36 month long project co-funded by the European Commission Horizon 2020
Programme (H2020-ICT-2015), under Grant Agreement No. 687772
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Executive Summary
The following deliverable outlines the summary of the results coming from the second-year
exploitation activities. It takes into consideration the input on the stakeholder communication
described in the D10.4 [1] as well as major results of the MaTHiSiS platform developments that are
described in the D7.3 [2].
Main rationale is to present further exploitation plan for the consortium that will ensure wide
adoption as well as impact creation for a variety of stakeholders, ranging from educational
professionals, policy makers as well SMEs that are willing to adopt innovative tools that MaTHiSiS
results are proposing. Major findings reveal that MaTHiSiS strongly contributes to the AI
development in education by addressing five major challenges (mentor for every learner, learning
21st century skills, interaction data for learning, universal access to global classrooms, life-long and
life wide learning) that are in core of MaTHiSiS value proposition. Reevaluating SWOT, shows that
MaTHiSiS brings an added pedagogical value, innovative service delivery and strong cooperation
across industries but at the same time have to carefully consider operational and technological
challenges that such complex system imposes. At the same time both SWOT and PEST analyses
reveal a number of opportunities from pedagogical, technological and economical perspective due to
higher societal acceptance of AI in education, rising support by the policy makers and decreasing
costs of the technology (computers, smartphones, tablets and robots). Specifically, a strong selling
point of MaTHiSiS, above others, can be seen in the added value of robots that are highly appraised
for the use in education for special needs learners.
Porters Five Forces analyses investigates a number of industrial leaders on the market and their
targeted markets showing that their presence is strong in specific markets, whereas MaTHiSiS is
flexible enough to be applied in a variety of markets, posing both an added value for the whole
solution and a challenge due to different approaches to customer segments. The entry barrier can be
seen in economical aspect. The commoditization of the market has a major implication on possible
pricing options of MaTHiSiS solution due to bargaining power of the buyer who have a choice
between a number of vendors with rather limited differences between adaptive learning products.
To overcome this, a clear communication of the added value of MaTHiSiS has to be put in place.
Exploitation activities progress of MaTHiSiS solution is supported by a number of direct engagements
with potential customers and discussion with the Advisory Board. Thus, such consultation has
revealed that the consortium has a number of business models to consider that can be explored in
three business field: E2B (education to business), E2E (education to education) and E2C (education to
consumers). Following this consultation and discussion within the consortium, we propose a number
of possible revenue streams and revenue models shortlisting it to the Freemium and variable pricing
model, where due to differences in markets MaTHiSiS is approaching, the platform can be offered in
three different propositions: MaTHiSiS Basic, MaTHiSiS Advanced and MaTHiSiS Premium. Further
step towards individual components exploitation was made by collaborating with the RAGE project
that opens up the possibility of components distribution to the customer segments. This is a concrete
step towards potential commercialization of the components that is now strategically supported by
the T1.3 dealing with product packaging and marketing to further publish MaTHiSiS tools on the
platform.
Following the expert reviewers’ recommendations, the consortium has extensively discussed a
contractual exploitation agreement, several iterations of which were evaluated by the legal
departments of MaTHiSiS beneficiaries. Due to legal structures and strategies of a number of entities,
it is proposed to establish a MaTHiSiS not for profit foundation in addition to the joint exploitation
agreement. The core of the exploitation agreement is the identification of exploitable results and the
foregrounds with its respective licenses that were further evaluated and presented to the
Contract No.: 687772
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consortium for each of the technologies used in the project. Further activities included the review of
the licensing options, given the initial requirements of the project, each partner and third parties
(e.g. RAGE platform). Based on this as part of the T1.4, it is proposed to preliminary grant an Apache
2.0 license to the MaTHiSiS platform to ensure that the foregrounds are sufficiently protected,
commercialization is possible and partners have the possible to opt out for another license in later
stages. Finally, further steps to ensure the interoperability of the solution has been made by
presenting the standards MaTHiSiS consortium is using therefore fulfilling several KPIs set with
respect to standardization.
Key result of the exploitation activities within the second year are presented in form of direct
engagement with potential customers, collaboration with third parties for components distributions
and a step forward for the consortium defining the exploitation agreement with key roles and
responsibilities of the partners as well as possible revenue sharing framework.
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1. Introduction
This deliverable provides an update of the exploitation plan (D1.1) representing consortium’s
strategy towards commercial impact. In particular, the outlined document takes into consideration
recommendations of the reviewers deepening on the market analysis of the adaptive learning
systems and in particular the use of AI in different markets that MaTHiSiS consortium is addressing.
Thus, Section 2 provides a market analysis focusing on the use of artificial intelligence (AI) in
education providing a review of the use of AI and machine learning in the markets MaTHiSiS is
running pilots in and indicating how MaTHiSiS contributes to five major challenges in education.
Further, subsection 2.22.1 reiterates on the strengths, weaknesses, opportunities and threats of the
MaTHiSiS solution, considering fast pace of changes in EdTech and adaptive learning markets. The
new approach investigates each of the dimensions with respect to several aspects: pedagogical,
technological and business. Subsection 2.3 provides further additions to the political, economical and
technological analysis in addition to the one provided in the D1.1 [3] with a special attention to the
developments in robotics and societal acceptance of AI in education. Porter’s Five Forces analysis
reiterates previous statements introducing an overview of the “bigger players” in the adaptive and
self-paced ecosystem and the bargaining power of the buyer considering commoditization of the
market.
Section 3 takes a step further defining business models of MaTHiSiS platform. Several models are
analysed to find the best fit for the project solution including several proposals to the revenue
models. Most importantly we state consortiums steps towards engagement with potential customers
that are represented by different market segments. It is indicated that businesses and individuals
show interest in MaTHiSiS added value and are willing to test the full potential of the platform in the
nearest future. Moreover, certain start-ups indicated their willingness to build their offerings on top
of MaTHiSiS at the core.
Section 4 Most importantly a thorough evaluation of different licensing approaches has been
performed and finalization of a complete list of technologies used in the project is provided including
respective licenses and consideration on the licensing decisions for the whole platform.
Section 5 gives an overview of joint exploitation efforts, providing extracts from the Exploitation
Agreement highlighting how future commercialization will be regulated within the consortium as well
as a proposition for Foundation establishment to ensure that all the parties within the consortium
benefit from MaTHiSiS results.
Section 6 analyses the markets of the major MaTHiSiS tools, their barriers, main vendors and growth
predictions. The section further indicates the steps the consortium has taken towards individual tools
exploitation. This is supported with an established collaboration with the RAGE project laying down
concrete steps for the consortium for commercialization of separate results.
In section 6, MaTHiSiS consortium elaborates on the activities around standardisation, standards and
frameworks the consortium is using fulfilling KPIs of the DoA.

Contract No.: 687772
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2. Market Analysis
Recent reports on the global artificial intelligence market in the educational sector are projected to
grow exponentially by CAGR of almost 40% by 2020 [4]. As the analysts predict, major driving factor
will be a much broader adoption of the intelligent tutoring systems in the learning process, providing
personalized learning paths to every individual with an appropriate feedback and adoption of the
course. Many other factors have contributed to such market developments including global
preference for content digitalization as well as the development of new learning models including
those within graduate and postgraduate programmes in universities. The following section provides
an overview of the learning technologies and the use of Artificial Intelligence (AI) in different market
sectors that reflect the pilots of the MaTHiSiS project. Although an overview of the market size and
demand pull has been previously analysed in the D1.1, herewith we would like to remit on the most
current market developments considering a high pace of AI adoption in education as well as to
expand on the high potential of the MaTHiSiS solution and possible barriers.
Industrial training. Although there are evidences that the implementation of AI can bring a lot of
benefits to serious adopters starting from optimization and automation, improving learner’s user
experience to most importantly higher profit margins. The nowadays adoption is somewhat at its
early stage and in most cases experimental. Certain stakeholders are still uncertain and have to be
convinced about the return on investment of such deployment. Recent MGI discussion paper has
evaluated a large number of case studies across different sectors to investigate the impact of AI on
companies’ profits [5]. The results show that companies adopting AI at scale can already observe
positive profit margins which closely correlates with the level of AI integration and their use in daily
operations. Obviously, AI technology and tools that MaTHiSiS is proposing to a range of market
segments are just the mechanisms to achieve success but cannot serve as a sole revenue generator.

Figure 1. Correlation between profit-margins and AI adoption
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From the exploitation perspective one can interpret the results of the survey presented in Figure 1 in
several ways. On the one hand, there is a clear evidence that educational market (and specifically
those involved in industrial training) among the front runners of markets who get the most
advantage in terms of profit margins, given that AI adoption lies in the core of their strategy. At the
same time educational sector is among those who have the most losses compared to industry
average without any deployment of AI. On the other hand, from the exploitation perspectives of the
MaTHiSiS projects, it is worth to acknowledge that certain tools/results of the project can be
introduced in parallel markets and use cases either as part of the automation process or as a novel AI
based approach towards industrial learning (e.g. in health care or financial services).
Career guidance. Analysing the career guidance and lifelong learning markets, we believe that
MaTHiSiS will be able to help reduce a skills mismatch that has raised due to inability of modern
education system to meet the demands of the employers brought about by rapid changes on the
labour market that in the end hinder the optimal matching between learner’s skills and jobs [6]. A
survey presented by McKensey [7] showed that roughly 50% of students agreed that their postsecondary education helped their employability while one third of the employers believe that skill
mismatch and is one of the leading cause of economic underperformance and resulting in more
entry-level (usually underpaid) vacancies.
And here the artificial intelligence will play a crucial role bridging the education systems and labour
markets bringing together talented learners to the job market. With a rising interest towards lifelong
learning and career guidance, the AI in career guidance setting have already got some attention from
big market players. In 2015, a social network, core objective of which is employment seeking and
business contact sharing – LinkedIn 1, has acquired Lynda.com – an educational company offering AI
based personalized courses for career guidance, individuals seeking employment etc. Talking about
career guidance and other governmental public bodies dealing with the labour market, AI can be
used to support policy makers to provide detailed predictions about job-market forecast, which in
the end will allow for better planning and adaptation of the curricula.
Mainstream education. The use of AI and MaTHiSiS solution as an example could bring many
benefits to teachers. As we have already analysed in the D1.1 [3], the added value of MaTHiSiS to the
teachers lies in the reducing the burden of the time-consuming administrative and routine tasks. The
development of the AI market, innovations in the fields of the natural language and deep learning
could possibly help “replace” teachers, acting as tutorial supervisors. In fact, this approach is already
used by Coursera 2 online classes that take advantage of machine learning algorithms to notify the
teacher in case it detects a trend of similar errors done by a large number of learners within an
assignment indicating on possible gaps in the course provision. MaTHiSiS already takes a leap
forward leveraging voice and facial recognition that is able to supervise learners’ individual path.
UNESCO institute for statistics provided an estimate that the world requires almost 69 million new
teachers (24,4 million of which are primary school teachers) to reach The 2030 Education Goal as
part of Sustainable Development Goal 4 (SDG4) 3. This indication only can drive the demand to
technologies that would potentially close this gap. In fact, this statement is applicable across all the
markets.

1

https://www.linkedin.com/
https://www.coursera.org/
3
http://unesdoc.unesco.org/images/0024/002461/246124e.pdf
2
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Figure 2 Global numbers of teachers needed to achieve SDG4

Looking at the statistics and analysing the source data, the highest demand for new teachers will be
in developing countries. Nevertheless, developed regions suffer from teaching stuff shortage as well
and account for almost 11 million demanded new recruitments by 2030. One of the solutions to
tackle this problem is the use of AI in mainstream education which on the one hand can reduce the
burden, but on the other can support teaching, coaching and assessing in remote locations as well as
in a much more individualized manner.
ASD and PMLD. Within the scope of MaTHiSiS project, AI has been applied in various PAs including
tablets, PCs, mobile devices and interactive whiteboards as well as robots (NAO and Turtlebot). New
technologies can improve the provision of learning content to ASD and PMLD learners stimulating
creativity and engagement given the flexibility of the content that can be provided through such PAs.
Individual approaches to learners with special needs are best explored with new technology and the
development and application of robotics stands out as an additional added value disrupting
educational markets targeted at users with ASD and PMLD. About the benefits of using robots has
already been discussed in the D1.1 including an overview on the cost development. Additional
research has showed more evidences on the importance of the social robots in special education.
More and more application cases of robots using AI find their use in schools designed to improve
social skills, speech and emotional intelligence. Although the adoption is mostly experimental to
date, but due to a constant cost reduction of robots and the added value that pedologists and
administrators observe, the use of robots will only rise in the coming years.
It is believed that the ratio of cost to functionality of robots has yet not fully being investigated. As an
example, the RoboKind4 which comes in two models: Robots4Autism and Robots4STEM over a few
years was able bring down the cost of production from $20.000 to $5.000 only. The company has
already provided their robots to more than 100 schools. The manufacturers and inventors already
discuss about drastic cost reduction as soon as production in scale comes along.
Future AI and developments in robotics can also provide additional sources of data for teachers and
therapists continuously capturing critical data on social behaviours that would allow for quick and
informal assessment to gauge if the user grasps the material, understands the activity or progresses
4

http://robokind.com/
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in skill development 5. Such developments of the market will also open the doors to MaTHiSiS
consortium to explore parallel markets where AI, machine learning and robotics can be applied. One
of such fields can be medical domain where machine learning and AI can handle in the data analysis
and activities that are of high work complexity. Future MaTHiSiS solution and its application its
application in parallel markets can be analysed with respect to dual analysis framework comparing
work complexity and data complexity.

Effectiveness Model

Innovation Model

Support seamless integration
and collaboration.

Enable creativity and ideation

- Wide range of interconnected
work activities
- Highly reliant on coordination
and communication

Efficiency Model
Provide consistent, low-cost
performance
•Routine work with little discretion
•Highly reliant on well-defined and
well-understood criteria, rules and
procedures

•Original, innovative work
•Highly reliant on deep expertise,
experimentation, exploration and
reativity

Expert Model
Leverage specialized
expertise
•Judgement-oriented work
•Highly reliant on expertise and
experience

Figure 3 Augmentation vs Automation framework

These developments do draw a lot of attention of the venture capitalists and investment funds that
will help during the first steps of new technology adoption in public schools and schools for kids with
special needs. Thus, Nest Impact Investments is backing education technology to revolutionize future
classrooms for children with learning disabilities at the same time supporting teachers 6. There are
many examples of investment funds that are ready to support schools with social mission. Some
examples include4:
•
•
•

Nesta Impact Investments is a £17.6 million social investment fund, backed by Big Society
Capital, Omidyar Network and Nesta.
Big Society Capital is a financial institution with a social mission, set up to help grow the
social investment market. It has committed £140 million in investments to specialist
organisations
Omidyar Network Omidyar Network is a philanthropic investment firm dedicated to
harnessing the power of markets to create opportunity for people to improve their lives.

5

http://edtechnology.co.uk/Article/artificial-intelligence-in-special-education
https://www.nesta.org.uk/news/nesta-invests-education-technology-set-help-young-people-autism-andlearning-difficulties
6
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Omidyar Network has committed more than $669 million to for-profit companies and
non-profit organizations that foster economic advancement

2.1 Use of AI in Education
There exists widespread opinion that the development of artificial intelligence contributes to the
growth in a number of industrial domains [8]. However, the adoption in education is somewhat slow
regardless of having a lot of potential. Nowadays the educational environment is lacking the
flexibility to adopt to the new developments on the market as well as to serve the new generation of
learners who are much more tech savvy. Many believe that AI will become a disrupter on the
educational market providing the learner with the most suitable techniques to stimulate intelligent
behaviour.
For successful exploitation of the MaTHiSiS solution we look at the common challenges for education
that one can observe in nowadays digital era and state how specifically MaTHiSiS contributes to
overcome such challenges. For this we analyze five key challenges in future educational environment
identified by Wolf et al., and compare these objectives for ongoing research and development in
education using AI with MaTHiSiS solution.

2.1.1 Mentors for every learner
Learning Science tells us about the processes involved in learning. Among the major goals of Learning
Science is to capture and observe the processes on how an individual learns as well as bridging these
processes in real-world situations. It is of crucial importance to stimulate learner’s attention and
keep them engaged throughout the learning activity. One of the major challenges here is to provide
every learner certain solutions and systems that would replicate natural interaction and would act as
mentors when teachers are not available.
MaTHiSiS solution contributes exactly to that providing an intelligent tool that can personalize the
learning graph that best suits learner’s traits and states. It is able to make certain conclusions and
reasoning about learner’s strengths, weaknesses, certain challenges that the learner is facing
adopting the content to the most appropriate one as any other human tutor would do. Beyond that,
MaTHiSiS system is able to asses every step of the learner throughout learning activity, estimate its
competences and emotional states therefore adjusting the user model.
MaTHiSiS methods are innovative providing the integration of the cognitive modelling, learners’
knowledge representation, certain machine learning methods and emotional modelling providing
insights on learner’s domain knowledge, learning and teaching strategies. And these are the most
crucial part of the vision of mentors for every learner according to Wolf et al. Indeed, MaTHiSiS and
in general such flexible systems are able to provide all the required interaction augmenting teacher’s
presence.
It is believed that for efficient learning, informed decisions are required that can be supported by
collaborative learning approaches and communication with other peers [9]. Learners need to be
supported by others to stimulate questioning of the solutions, generate discussions and even more
reasoning. Modern tasks indeed, to the most of its cases, are not solved individually but rather in
groups. To support this, MaTHiSiS is offering a collaborative approach of problem solving offering the
process of learning in communities (collaborative scenario).

2.1.2 Learning 21st century skills
Another challenge for education identified is learning 21st century skills. Some of the examples of 21st
century skills include non-routine problem solving, systems thinking, interpersonal skills,
intrapersonal skills and self-management abilities due to the increase in globalization and
connectivity of the world. It is imperative that learners are able/taught to acquire new skills (both
hard skills and soft) at a pace faster than seen previously. For educators, this requires a rapid and
rather drastic revision of what is taught and how it is delivered to the learner to take advantage of
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the evolving technology. There are a number of researches that state that in a knowledge economy,
skilled workers have more prospects to find the job and educated workers will take more advantage
of skill-based technical change since less educated workers eventually result in the automation of
their jobs [10].
One of the major aspects that hinders the learning improvement lays in a slow process of innovation
within the traditional classrooms requiring rather lengthy changes in educational policy and
administration. The ease of delivery and openness of the MaTHiSIS platform can stimulate the
learners to adopt to the changes considerably faster. MaTHiSiS can help develop new teaching
modes through intelligent environments, rich computer interfaces as well as detect and react to
learner’s affective response. The ability of MaTHiSiS to adopt to different types of learning
environments and different types of learners (ranging from mainstream education to industrial
training) shows the capacity of the system to deliver learner content in a variety of forms training
both the traditional domains and soft skills such as computer literacy, creativity, social skills etc.
One of the purposes of the MaTHiSiS solution is to ensure that all children regardless of the
background, with or without learning disabilities have access to appropriate education with emphasis
on special education depending on the unique needs of the learner. Learning 21st century skills would
require the progression not academically only, but to cover learning (critical thinking, creative
thinking, collaboration and communication), literacy (information, media and technology literacy)
and life skills (initiative, productivity, flexibility and leadership), as identified by the Partnership for
21st Century Skills 7. The research has shown that the majority of high school students including those
with disabilities would be willing to proceed with their education in a college or university showing
that more that 60% of children and adolescents with disabilities indeed have continued their studies
in a postsecondary education institution [11]. Nevertheless, same study shows that only 34% of those
who enrolled finish their study. It is indicated that these learners lack some non-academic skills
necessary for a successful completion that are highly correlated with successful in-school outcomes
[12], [13], [14].
To address this major challenge, the educators with the help of relevant tools shall prepare learners
for their transition in a best possible way and the best way to achieve this can be done with the use
of AI, assistive technology. And we believe that MaTHiSiS is able to close this gap in a most efficient
way.

2.1.3 Interaction data for learning
Learners Analytics (LA) and Educational Data mining (EDM) are some of the two distinct research
topics on unique types of data that can be extracted from the learning processes to better
understand individual learners, groups and environment in which learning content is delivered.
Researchers differentiate between a number of objectives these two areas are trying to address,
namely [8]:
•
•
•
•

provision of the support to individual learners to match their achievements,
anticipate student’s needs for provision of additional support and attention,
support teachers during the intervention planning processes
improve the quality of the course content and the overall curriculum.

MaTHiSiS specifically successfully combines both approaches focusing on the institutional data,
predictive modelling providing insights on the learner’s knowledge gaps as well as educational data
mining making use of machine learning, information visualization, computational modelling etc.
Within MaTHiSiS environment the data analysis is active throughout a number of different domains
and tutoring systems as well as across different PA taking advantage of a vast number of sensorial
7

http://www.p21.org/
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data. Specifically, MaTHiSiS approach goes beyond analysing the interactions of individual students,
but the system is able to provide the insights on demographic data, learners affect (emotional states)
and physiological state (face expression). All the tools that are used for data mining as sub-field of AI
in education are highly exploitable and will be also presented in dedicated deliverables on Business
Planning (T1.2) for each of the MaTHiSiS exploitable results.
Machine learning technics used in MaTHiSiS are of high relevance that enable the augmentation of
learner’s models automatically observing their past behaviour and predicting future actions. Such
approach, as also stated in a number of studies, help to acquire additional information about an
individual learner or a group of them to predict their learning path and affect [15], [16].

2.1.4 Universal access to global classrooms
As the discussion of the universal access to global classrooms was initially raised during the AAAI Fall
Symposium (AAAI 2008), a number of topics have been raised to ensure that modern learning is
more universal, inclusive in which every learner is able to learn at any level, anytime and anywhere.
This indeed correlates with MaTHiSiS’s overall value proposition:

MaTHiSiS platform provides every type of learner, in every type of setting, on the
device they have at their disposal, with a bespoke, individualized learning
experience that is adapted to their personal requirements
It is envisioned that global classrooms serve to support learners to a better degree in comparison to a
human teacher due to its availability in a variety of settings and an unlimited supply of courses. This
vision is also supported by a now popular implementation of massively open online courses
(MOOCS). Although it is a step into a right direction, still, MOOCS have certain drawbacks due to its
limited degree of personalization. They also indicate a rather big dropout rate and proved to be
successful mostly with learners who already have a high background knowledge and motivation [8].
With the use of AI, global classrooms shall provide a collaborative and cognitively supporting
environment that makes use of multi-dimensional measurement methods while performing learner’s
assessment. MaTHiSiS provides dynamic assessment with the use of variety of human-computer
interfaces, delivery through a number of PAs that are able to collect learners data enabling data
mining and machine learning improving the instructional systems. MaTHiSiS leverages mobile
computing and social computing to facilitate interaction in digital, physical, collaborative and social
contexts. MaTHiSiS also fulfils the objectives of been accessible, interoperable and is able to acquire
new knowledge. This was indicated by a number of researchers [17] desiring that global classrooms
would need to provide the possibility to teachers to write/add/create new content within the
system. MaTHiSiS indeed provides the possibility to create new content through for example
Learning Game Creation Tool or simply adding the existing digital content.

2.1.5 Life-long and life-wide learning
Lifelong learning within a modern society can best be achieved when Challenges 1-4 are achieved.
Education must be provided at all stages of individual’s life and adapt respectively to the context and
the need of the learner. Lifelong learning is defined as “an organizing principle of all forms of
education” [18]. As indicated by a report of Laurillard et al. [19] the educational system is limited by
the constrains of people who interact with each other (e.g learners, teachers), the levels of the
education (school, college, professional/industrial development), places where the these activities
occur, types of learning and types of learners with respect to their personal abilities (e.g. special
needs learners). Clearly, this has drastically changed in the past years and with the development of
internet, mobile technologies, social networks we gain knowledge in a variety of ways well outside
and inside the classroom. Lifelong and life wide learning is aimed at the creation of formal, non-
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formal and informal learning opportunities for people of all ages bringing a paradigm shift from
knowledge-conveying instruction to learning for personal development [20].
MaTHiSiS supports the goals set by life-long and life-wide learning by showcasing a number of use
cases where the system can be used to support the grand challenge. The system supports the learner
independent of the personal ability, inside as well as outside of the classroom, during the career
guidance and professional development taking advantage of new technologies supporting
longitudinal and embedded learning experiences.

2.2 SWOT Analysis
During the second year of exploitation planning it is worth a while to perform yet another step within
the decision-making process and to expand the SWOT analysis to perform a reality check that help
rationally decide about different aspects of the project. The initial SWOT has been performed in D1.1
yet as the project evolves some weaknesses of the future system have been mitigated while other
strengths were identified. These are presented in the following section.

2.2.1 Strengths
With respect to the strengths we point out the added pedagogical value and an innovative service
delivery model that we further subcategorized in the following:

STRENGTHS
Added pedagogical value

Assessment and evaluation:
•
•
•

time efficiency through automated
student assessment;
personalization and automated
feedback;
use of affective state recognition
in Evaluation

Individualization of learning:
•

•
•
•

•

addressing different levels of prior
knowledge and progressing based
on learners skills and affective
state;
allows personal learning path and
pace;
not a common linear approach
(non-linearity in learning);
the asynchronous nature of the
class allows participants time for
reflection and research and to
compose their messages with
more thought; fairer for learners
Digestible
Modules
reduce
cognitive overload

Engagement:
Contract No.: 687772

Innovative
delivery model
•
•

•
•
•

•
•

service Strong
between
business

Reusability
of
structures
Using five platform
agents (PC, mobile,
NAO,
IWB,
turrtleBot)
and
open for extra PAs
Using of Affective
state recognition;
Clear
design &
architecture;
Reduction of the
teaching load; less
time consuming for
teachers
Easier/faster
access to education
Strong progress in
the
areas
of
educational
sciences and HCI

•

•

cooperation
science and

Strong
content
providers,
SME
participation
alongside
pedagogical
experts in business
development and
design during the
development
of
MaTHiSiS.
The 3 tier testing
and
piloting
process in the
development
of
the
MaTHiSiS
platform has bring
the requirements
of the end users in
the development
rather than postdevelopment. This
will help Mathisis
be user friendly for
Day 1 of use rather
than
becoming
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•
•

•

stronger
engagement
and
progression;
the learning experience tends to
become more student-centered,
resulting in students being active
participants and taking on more of
the responsibility for learning.
trial and error based learning

user
friendly
incrementally

Table 2 MaTHiSiS Strengths

In nowadays education and digital technologies have strong relationship. MaTHiSiS platform is
designed to assist the educational process for learners and their tutors and caregivers by creating a
novel and continuously adaptable "robot/machine/computer"-human interaction ecosystem. With
the help of MaTHiSiS system, users will be able to have access to various set of resources of any
traditional learning course giving the possibility to participants learn independent of location. At the
same time, system will help to address different levels of students/users as prior knowledge and
accordance, thier progress will be based on learner’s skills and affective state. After all, MaTHiSiS will
provide personalized feedback on user’s effort and performance giving an automated feedback.
Considering personal learning path, the MaTHiSiS system will let to assess user’s abilities prior to
beginning a task/curriculum and then allows to start where needed according to their learning
outcomes. As it was already discussed in D1.1 and a number of studies [21] self-study asynchronous
learning can provide the ability to customize learning depending on the unique needs of the learner.
MaTHiSiS allows the learner to progress through the educational course at own pace adapting to
their own needs.
As mentioned previously in D1.1, an access to a various set of resources of any traditional learning
course gives the possibility to participants learn location independent, leaving them the freedom to
determine their own time for studying. The ability to being accountable for own knowledge and selfdiscipline are among the advantages of such systems like MaTHiSiS providing an opportunity to pace
individual learning. It gives the flexibility to the learner to start and complete a learning targets at any
time. Such individual approach does not pose any restrictions to the speed of learning for an entire
classroom.
MaTHiSiS system through the interaction with the learners and tutors/parents/caregivers enhance
non-linearity in learning. It will incorporate different knowledge and experiences that, once injected
to the system, will provide a new, holistic approach by sharing this knowledge across the system
components. The methodological and technological innovation of MaTHiSiS stems from the interplay
of advancements in technologies in six major areas, specifically, mobile learning, eLearning, adaptive
learning, robotics, affective computing that come together to form a common ecosystem that
benefits education.
Expanding the strengths outlined in the previous deliverables, MaTHiSiS benefits from the reusability
of structures in different learning experiences that make the learning easier and increase the
learners’ engagement. This, in particular can be seen as a strength from pedagogical and
technological point of views.
Various studies show that online learning is one of the fastest growing trends in educational uses of
technology. In analysis it was found that, on average, students in online learning conditions
performed modestly better than those receiving face-to-face instruction. The advantage over faceto-face classes was significant in those studies contrasting blended learning with traditional face-toface instruction but not in those studies contrasting purely online with face-to-face conditions [22].
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MaTHiSiS consortium will ensure strong SME participation in business development. It is assigned for
the partners to design and carry out a business plan for the common exploitation of the MaTHiSiS
system creating a strong value proposition paving the way for the MaTHiSiS system penetration in
the market. Apart from the involvement of SMEs in the consortium, several outreaches were made
to European SMEs for potential commercialization possibility and discussion on the appropriate
business models.

2.2.2 Weaknesses
WEAKNESSES
Technological

Pedagogical

Operational

• Requires certain
• Possible problematic compatibility • Potentially complicated set
level of ICT skills
up- creation of smart learning
with other devices without prior
from teachers to
atoms (SLA), learning graphs
testing
operate
the
(LG), learning material (LM)
• Incapability
with
different
system
therefore it is required that
operational systems OS (Windows
• Lack of the needed
the tutors/caregivers/parents
10/MAC) and internet browsers
infrastructure at
have prior technological
(e.g. ES cannot be currently
the
facilities
training.
where
MaTHiSiS
launched in Windows 8)
• Due to the high number of
will be applied can
• The effective state recognition
components and complex
be a potential
system might not always be
architecture,
the
user
problem
accurate; the component requires
interface can be difficult to
a lot of training
use In the starting.
• Online learning cannot offer
human interaction so should
be considered as a part of
blended learning or a layer of
the formal learning
Table 3 MaTHiSiS Weaknesses

Literature review reveals that flawless operation of the virtual learning environments (VLE) and highquality learning contents are considered as fundamental elements in online learning processes. Many
interactions are arising within the system and with the contents, but promoting interactions between
VLE different users plays an even more critical role in planning and development and corrective
actions of the learning processes. This is consistent with the view how interaction between students
and teachers plays a key role in educational processes, seen as a ‘‘conversation’’ which must be
facilitated by learning technologies [23]. Looking at MaTHiSiS as a whole and specific innovative tools
it makes use of, one can consider the potential weaknesses of the emotion recognition systems.
Researches in emotional recognition show that understanding emotion is hard. After over a century
of research, emotion theorists still do not agree upon what emotions are and how they are
communicated. One of the big questions in emotion theory is whether distinct physiological patterns
accompany each emotion. Various studies show, the physiological muscle movements comprising
what looks to an outsider to be a facial expression may not always correspond to a real underlying
emotional state. Emotion consists of more than its outward physical expression; it also consists of
internal feelings and thoughts, as well as other internal processes of which the person having the
emotion may not be aware [24]. As already mentioned in the D1.1 and still one of the major
challenges is to train the system (classifier) using a big database of emotional expressions. This is a
long and effort consuming process performing recording and annotation procedures taking
occlusion, lighting conditions and constantly changing position of the subject into consideration
(especially of persons with special needs). As for the speech recognition, reverberation and
background noise can result in inaccurate outcomes of the analysis.
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Also, for certain group of people, e.g. individuals with ASD, emotional recognition component might
not function very well, because some learners are doing repetitive movements (they're not sitting
stable, moving their heads forward and back).
Compatibility is very sensitive to local user settings. Since some of the infrastructure in school
settings might be considered to be old, incompatibility issues have to be taken into consideration. It
might happen that due mentioned problems certain functions or other programmes that are
supported in MaTHiSiS system will not run properly. For this the consortium shall issue
recommendations as part of the product packaging task to ensure that correct setting, correct OS or
browser are used for best experience.
Also, it should be noted that qualifications do not always keep pace with the evolution of user’s
knowledge, skills and competences that is needed working with MaTHiSiS system. Tutors are not
always qualified to operate the system. Rapid changes in information technologies are a challenge
for tutors/parents.
Researches on constructivist classrooms examined the relationships between professional
engagement and teaching practice, including instruction involving computer use. The study found
that teachers who regularly participate in professional interactions and activities beyond their
classroom teach in different ways than teachers who have minimal contact with their peers or
profession. Also, studies have shown that teachers who have avoidance as a dominant style of
computing, typically distanced themselves from computers and otherwise reduced the amount of
time they spent attending to computer-related activities. Their pupils had limited and repetitive use
of software intended for drill and practice or word processing [25].
Nonetheless, it is crucial to note, that many of the above mentioned weaknesses can be resolved as
MaTHiSiS platform matures. On the one hand, the emotion recognition component can be further
trained during the pilots overcoming technological challenges and weakness. On the other hand, to
ensure the ease of use and smooth operation by pedagogics appropriate manuals and demos can be
created and provided to the end users.
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2.2.3 Opportunities
OPPORTUNITIES
Pedagogical

Technological

Economical

•

•

•
•

•

•

•
•

The establishment for
lifelong learning policy
that
could
open
training for a new
‘student-target’ group
(retired people , etc..)
Connecting
many
different institutions,
professionals, sharing
knowledge
and
expertise
while
reusing the content
and
learning
approaches;
Suitable
where
increased class sizes
and therefore the
need for AI will
increase.
Enhance
pedagogy
innovation;
Increase
learner’s
possibility
access
knowledge anytime,
from
anywherecombining
formal,
non-formal
and
informal learning

•

•

•

•

•

Contributing
to
authentic
learning
environments;
Usage of innovative
technologies (learning
graphs, SLAs) boost
MaTHiSiS added value;
Increasing adaption of
ICT in learning can
trigger faster adaption
of MaTHiSiS
Maturing
of
the
technologies enabling
the
concept
of
MaTHiSiS,
Open
up
new
approaches
towards
learning
through
innovation (new LMs,
extension of PAs. etc);
EdTech based Start-ups
are in need of already
available technology/ AI
algorithms instead of
developing their own

•

•

•

Lowering the cost of infrastructure
Faster way to enter the market for
the developers (saving time and
costs)
Lower cost for learners involved in
the usage of MaTHiSiS results due
the possibility using learning content
by multiply users
Decreasing prices on technologies
and funding of infrastructures will
increase the penetration
Suitable to transfer to parallel
markets:
o rehabilitation sector (after
critical illness/injury/surgery)
in
generating
recommendations
for
changes in therapy (decision
support system);
o cognitive
psychology/psychotherapy
(in changing harmful human’
behaviour);
o separate tools can be
applied in retail, financial
and retail, media sectors

Table 4 MaTHiSiS Opportunities

MaTHiSiS platform will give an opportunity to ensure learner’s possibility access knowledge anytime,
from anywhere. This means that learning can occur everywhere, through user’s active engagement.
Recent data proves that students are becoming more mobile [6], using cloud based applications.
MaTHiSiS ecosystem is based on cloud technologies in order to provide ubiquitous learning services
to the users. The cloud based learner’s space is the core component of the MaTHiSiS ecosystem. It is
foreseen that final system will be able to work in multi-learner environments by combining a
multitude of devices (platform agents) but also to follow a specific learner in different places
(through different platforms agents).
Existing technologies already are playing an important role in supporting authentic learning. One
relevant area is that of computer-assisted telecommunications which can promote more authentic
instruction in several ways 8.

8

http://edtechreview.in/news/865-how-technology-can-support-authentic-learning
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It is argued that ICT may potentially create certain learning environments through the provision of
opportunities to access and evaluate a vast number of information by using multiple information
sources as well as observing it from multiple perspectives which will foster the authenticity of
learning environments [26]. Furthermore, the use of ICT helps to make complex processes much
easier to perceive using certain simulations therefore further contributing to authentic learning
environments. Important to mention that within MaTHiSiS it will be possible to create authentic
learning environment for every user.
Another opportunity that will provide MaTHiSiS is the learning content adaptation and tasks
individualization to user’s capabilities and requirements. So, in other words, MaTHiSiS can be defined
as a curriculum differentiation tool. The MaTHiSiS system envisions the creation of the adaptable and
personalized learning graphs. The Learning Graph Engine will supervise the Experience Engine by
adapting the executed learning graph to both the learner’s behaviour and profile. The Decision
Support System (DSS) will provide and collect learning data as well as any high-level information
to/from the Learning Graph Engine required to adapt and personalise the learning experience.
Further opportunities can be explored in parallel markets, such as:
•
•

rehabilitation institutions (after critical illness/injury/surgery) in generating
recommendations for changes in therapy (decision support system);
cognitive psychology (cognitive behaviour therapy, in changing human’s behaviour) when the
system can be used as tool for the teaching user’s brain a new way of learning.
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2.2.4 Threats
THREATS
Pedagogical
•

Technological

Unsuitable
for •
certain types of
learners:
elearning requires
a high-level of
self-discipline
and
personal
time
management.
•

•

Rapid changes in
technologies (loss
of
competitive
advantage due to
the adoption of
new technologies
by
competitive
products),
competitors
in
technology space
- existing market
players
with
established
channels
to
educational
sector,
AI cannot judge
random
behaviour of the
learners

Economical
•

•

•

•

Operational

•
Costs
of
implementation might
be high - cost structure
of such solution
Growing market with a
significant percentage
unaware
of
the
MaTHiSiS offerings
Competitive products
•
might come to the
market faster at lower
price
Unclear
business
models for education
and
training
•
institutions,
in
particular
European
universities that are
lagging
behind
emerging phenomena
like Massive Open
Online
Courses
[Opening
up
Education].

The
uneven
(asymmetrical)
availability of ICT
infrastructures
and
tools,
including
connectivity,
across Member
States
Privacy
protection
of
sensitive
information;
Security for data
post collection
Barriers
to
adoption due to
legacy systems
and
resource
constrains
and
absence of open
interoperability
standards

Table 5 MaTHiSiS Threats

The rapid pace of technological and digital changes is a challenge for MaTHiSiS. The system might
lose a competitive advantage due to the adoption of new technologies by competitive products.
Nowadays, organizations are seeking ways to reinforce their competitive position improving their
product offerings. In order to keep the leadership MaTHiSiS should provide a continuous stream of
innovation to the same extend expanding products offered on the market. It is important to ensure
continuous system update, monitoring the situation on the market and improving the system
performing continuous research and development.
A growing number of IT products, an expanding market in this area with wider and varied offerings
can push MaTHiSiS backwards. For this reason, it is important to develop a strategy and business
plan that drives success, determining any localization of the product is needed, initiating testing and
quality assurance review and developing a comprehensive marketing plan [27].

2.3 PESTLE Analysis
2.3.1 Political
The rising political interest towards the development of Artificial Intelligence has boosted its
application on the market but at the same time has raised certain concerns of the governments
towards regulatory framework for future regulation and transparency on the technology
development. The long-term benefits of the technology like MaTHiSiS is far more significant than the
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short-term benefits, which include the ability of the content available to become generalised and not
only the best students receive the best education but all students have the access to education. The
lack of regulatory framework has posed a great threat since there are companies/individuals who are
able to use the technology without any oversight.
It is believed that AI can have a major impact on the some of the key elements of the economy which
include labour market, productivity, business environment and government itself. In May 2015, UN
Member States, endorsed by Ministries of Education, teacher organizations, private sector and
governmental officials, provided policy recommendation for harnessing power of ICT that will help to
overcome the challenges of modern education. These recommendations were outlined in the
Qingdao Declaration 9 covering 9 major action points:

Figure 4 Statements of Qingdao Declaration

Most of the outlined strategies and policy targets outlined in Figure 4 support the vision of MaTHiSiS
solution and provide evidence of possible successful adoption through the support on the
governmental level (see multi-stakeholder local, regional, international partnerships/cooperation
through scalable innovative funding mechanisms).
On 31st May 2016, European Parliament’s committee on Legal Affairs published a draft report on
Civil Law Rules on Robotics which focuses on use of Robotics and Artificial Intelligence 10 in the
member states. The report calls for the creation of a “European Agency for Robotics and AI”
consisting of regulators and external technical and ethical experts, who can monitor AI and roboticsbased trends, identify standards for best practices, recommend regulatory measures as well as
define new principles and address potential consumer protection issues. The Agency goal is to

9

http://www.unesco.org/fileadmin/MULTIMEDIA/HQ/ED/pdf/Qingdao_Declaration.pdf
European Parliament Committee on Legal Affairs. (2016). Civil law rules on robotics (2015/2103 (INL)).
Brussels, Belgium: European Parliament. Retrieved from http://www.europarl.europa.eu/sides/
getDoc.do?pubRef=-//EP//NONSGML%2BCOMPARL%2BPE-582.443%2B01%2BDOC%2BPDF %2BV0//EN.
10
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provide advice both at the EU and at Member State level, including annual reporting to the European
Commission, to explore the potential of such technologies and where possible mitigate occurring
risks. Another goal set is to provide the public sector with technical, ethical, and regulatory advice.
Further, the agency will manage an EU-wide registration system for all smart robots [28].
On October 13th 2016, the House of Commons’ Science and Technology Committee released the UK
report on AI. The report aimed to identify ‘the potential value and capabilities of AI and robotics, as
well as examining prospective problems, and adverse consequences that may require prevention,
mitigation and governance’. UK government at the same time wants to stay on the forefront of AI
and innovation in the sector therefore wants to ensure that the funding for research is available in
abundance. Due to some concerns with regard to funding of the research an innovation following
BREXIT, the UK government has been defining further policies and additional funds to keep their
leadership in AI development.

2.3.2 Economic
The rapid changes in economic environment have led to a significant disruption of the education and
training markets. Many EU member countries have seen drastic cuts in budgets, which led the sector
and policy makers to seek for rapid transition towards more cost-effective solutions. The costs factor
has also contributed to a change in the number of students enrolling in higher or special education
increasing the number of people shifting towards e-learning solutions as a cheap, practical option for
learning and education. The growth of e-Learning market in the EU was covered thoroughly in D1.1
[3].
ResearchAndMarket reports that the artificial intelligence market in western Europe education
sector to grow at a CAGR of 38.37% during the period 2017-2021 11. Social learning and adaptive
learning systems see rise of popularity on the European market leading to a much faster adoption
and integration into the education system. The institutions are integrating social media into another
platform to facilitate learning, information sharing, and collaboration among students and teachers.
These kinds of social networking platform are offered by software solutions such as next-generation
LMS.
Artificial Intelligence will be a game changer in all the sectors across Europe and the effects on the
growth of the Educational industry will be quite significant. The Accenture report has provided an
analysis of AI and its economic impact on different aspects of the economy. Here, an AI industry
growth demonstrates that the educational industry will see a rise of 56% in the next 20 years due to
advancements in AI. The report also shows that Education will have the most increase in share-ofprofit (84%) due to the advancements in the AI capabilities of organisations.

11

https://www.researchandmarkets.com/research/m7m52n/artificial
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Figure 5 Economic impact of AI on different sectors

Evaluation of this strategic macro-environmental factors shows that MaTHiSiS can only benefit from
the market growth being on the edge of “AI revolution” and applying it in the education sector.
On a global level, about 5,2% of the gross domestic product (GDP) was spent by OECD countries on
educational institutions as reported in the Education at a Glance 2017 report [29]:
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Figure 6 Expenditure on educational institutions as a percentage of GDP

The report states that many of the analysed counties invest in the education to foster economic
growth at the same time fostering innovation, better access to education therefore reducing social
inequality, personal and social development. Nevertheless, following the economic crisis, most
countries introduced the austerity policies leading to budget cuts in education sectors which had
major implications on a higher demand on education and training for young or unemployed during
the crises period and a much more restricted labour market.
The evidences show that the market is in need of a more cost-effective solution that could satisfy the
demand on education. This applies to both: reduction of the public spending on education without
scarifying the quality, as well as implementation of innovative solutions (potentially with the use of
AI) on a micro level (in a kindergarten, school, enterprise) boosting innovation and benefiting from
the return on investment in terms of social or monetary point of view.

2.3.3 Societal
Within the following section we expand our findings on societal attitudes towards adaptive learning
systems, artificial intelligence and robotics – main components of the MaTHiSiS system. Specifically,
of a crucial importance is to see whether MaTHiSiS has the potential to be easily integrated in the
daily practice from a societal perspective.
Starting from the attitudes of the tutors, 42% stated that they have taught online course in their
practice whereas 36% taught a blended or hybrid course, as the recent report on faculty attitudes on
technology has revealed [30].
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Figure 7 Faculty members attitudes towards technology in education

From the survey we can observe that teachers generally tend to support the statement of being an
early adopter of new educational technologies or as someone who adopts them when the
effectiveness is proved.
The attitude of the school teachers showed positive macro-environmental results as well. Teachers
have cited many benefits discussing the use of technologies in the classroom with 69% of teachers
stating that it provides an additional aid to the tutor reducing the preparation time and
administrative effort [31].
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Figure 8 Teachers attitudes towards AI in education

Following the same survey, the majority of teachers feeling comfortable experimenting with new
technology and would like to get more possibility to experiment in the future or to apply it on a daily
basis in their classes. Broadening the questions towards the use of AI in education has revealed a
more mixed picture which to some extend might impact the adoption of the MaTHiSiS solution and
might be a reason for a slow take up. On the one hand the administrators of the educators see a lot
of potential in AI, capable of individualizing the instruction and freeing tutors time for other tasks.
But when it comes to educators, it seems that the lack of previous ICT knowledge emerges in fears
towards even more complex solutions. According to recent survey by EdSurge 12, many educators
treat such edTech software as IXL Learning 13 and i-Ready 14 the same way as Amazon Alexa 15, despite
the fact that the aforementioned tools not necessarily the type software which is able to adopt to
the user, based on their interaction. Some educators are concerned about the effects that AI
technology can cause on the teacher’s role within the classroom. Specifically, one of the responders
has raised the concern about de-professionalizing teachers9.
Nevertheless, teachers, administrators do realize the potential of AI in education and benefits that it
will bring along with personalized learning. But from their point of view the future generation of
teachers have to be prepared to AI coming into classrooms as it might become a competition to
teachers.
Still, for most educators, AI is seen as an added value that can support the teachers, rather than
replace since it is still far from many aspects that nowadays humans can bring on the table – building
and fostering meaningful relationships with students.
To overcome these barriers, it is believed that teachers alongside learners and parents should be at
the core of AI educational tools design process. The participatory design methodology is crucial from
societal perspective and that is what MaTHiSiS tries to achieve by involving every stakeholder from
the very first day of the project. In this way, teachers will benefit from gaining technical literacy,

12

https://www.edsurge.com/news/2017-11-20-educators-on-artificial-intelligence-here-s-the-one-thing-it-cant-do-well
13
https://eu.ixl.com/company/
14
https://login.i-ready.com/
15
https://www.amazon.de/Amazon-Echo-Dot-Generation-Schwarz/dp/B01DFKBG54
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better understanding of the AI education systems, new design skills that they can later pass to their
colleagues and peers.
The attitude of employers towards training and development will modify as digital natives join the
decision makers in more companies. Increase in the number of start-ups based around innovative ICT
has led to increase in employers willing to pay and use solutions like MaTHiSiS for employees to learn
new skills on the go using eLearning platforms.

2.3.4 Technological
Technologically, the impact on and of the adaptive learning industry can be much bigger from
monetary and societal perspectives. Since technological innovations are happening in the industry on
a constant basis due to introduction of machine learning and AI, the content of the adaptive learning
courses need to undergo a number of changes to become more user centric to better reflect and
explain complicated technologies to the population. The accessibility and wide adoption of
technology has provided many individuals access to learning content faster, providing feedback in a
much more elaborate way which helps them learn faster.
Advancements in Artificial Intelligence and use of Data Analysis have helped to produce better
content for such systems as well as giving the learners a more individualised learning experience that
help them learn better and faster. Artificial Intelligence can create immersive experiences instead of
just lessons with different individualised lessons providing the same learning goal.
Educational technologies brought to the market by innovative start-ups and industrial leaders
constantly changing the market accelerating the adoption of technology. These technologies were
evaluated earlier in D1.1 [3] and are specifically relevant to MaTHiSiS representing the core of the
platform. Newer technological developments indicate a rise of Virtual and Augmented Reality
simulations applied in the educational context. Considering the architectural design of the MaTHiSiS
platform and variety of use cases it would be potentially be possible to integrate such technology
into the platform since it is neither content (LM) nor platform agent dependant. The supported Pas
and technologies used within the platform are potentially replaceable depending on the customer
segment needs and the current state of technological development. Thus, the wrap up of Kinect
sensors manufacturing that was recently announced by Microsoft 16 does not have a major
implication on the platform for two reasons: it is possible to replace the camera with another sensor,
TurtleBot is one of the PA’s that serve to prove an ease of applicability, added value and open
architecture but does not impose a vendor lock-in.
The necessity for collaborative learning has increased due to the results and the increase in the
steepness of the learning curve, and the increase in engagement. MaTHiSiS and MaTHiSiS-like
applications have already started focusing on working at collaborative environments for learning.
According to the report of the Ambientinsight [32], some of the most disruptive products coming into
education markets are robots the goal of which is to teach children. As an example, a robot called
Albert and manufactured by SK Telecom 17 is a learning robot which uses mobile technologies and
smartphone processing power as the brain of the robotic technology and provides interactive games
and educational contents. SK Telecom apart from selling the hardware (robots), distributes Smart
Robot Coding School training program educating children to develop software.
Erik Vermeulen discussed a number of opportunities and implications of technological revolution in
education 18 indicating a number of disruptive technologies that are coming into play within the
educational market. Following his graphical representation, MaTHiSiS stands in front of major
changes that will disrupt the market in the future:

16

http://www.zdnet.com/article/microsoft-stops-manufacturing-its-kinect-sensors/
http://robotcoding.io/page/albert.html?ckattempt=1
18
https://hackernoon.com/education-in-a-digital-age-db3063214407
17
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Figure 9 Educational technologies development

Apart from the above mentioned, many educational robots were designed and delivered to the
market to teach kids various skills like programming, language, social skills including the Vortex, the
Kamibot, the Fisher-Price Code-a-Pillar, Codeybot, Aisoy, and Ozobot. Technological disruption is
bringing new solutions to STEM education, special needs education and developmental disorders
which gives an indication the MaTHiSiS solution is a frontrunner in terms of keeping the pace with
market development offering the most innovative solutions that are just gaining its momentum.

2.4 Porter’s five forces analysis
Herewith, the consortium expands the Porter’s Five forces analysis looking at specific industry
suppliers, their target markets and business models. Customers power is viewed from the
perspective of having an effect on the pricing definition of the platform.

2.4.1 Industry Rivalry
Education space is prone to innovation, swift change and the introduction of new technologies. Also,
the global market for education platforms is characterized by intense competition, with presence of a
large number of players such as the Ites, Logiocando, IAELS, Kavcic (see D1.1 MaTHiSiS Exploitation
Plan). A study of the existing solutions that possibly offer similar functionalities as MaTHiSiS shows
the rapid development of the market as well as healthy competition. The above-mentioned
competitors have already proven their effectiveness in terms of academic achievement of the
learners as well as their users’ satisfaction. Although these examples show the overall success in the
application of such solution, there are still certain pitfalls that the MaTHiSiS solution resolves,
leveraging a particular strong brand.
At initial stage it is important to analyse the industry rivalry of the whole educational market that
offers adaptive learning solutions including separate features that MaTHiSiS offers. General ICT

Contract No.: 687772

Page 34 of 113

D1.2 – MaTHiSiS Exploitation Plan M24

enhanced learning market is appearing to be highly fragmented. Talking about eLearning industry as
a whole on a global level the provision of products and services is presented in the following way 19:

Academics grouping includes:
•
•
•

Mainstream
Special Needs Education
Vocational and Lifelong Training

Figure 10 eLearning industry product and service provision

More detailed market analyses and its size by each of the use cases reflected in the MaTHiSiS project
have already been analysed in D1.1 [3]. Industry competition in the educational space is fierce but
each solution can stand out in its own way when a narrower market segment is addressed – a niche
that is not fully explored by other competitors (e.g. adaptive learning for students with special
needs). To fully understand the scope of the industry rivalry, herewith we analyse major vendors in
the adaptive learning landscape highlighting the primary target users and instructional application,
their business model, content model etc.:

19

https://eclass.teicrete.gr/modules/document/file.php/TP271/Additional%20material/docebo-elearningtrends-report-2017.pdf
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Platform/Vend Primary
or
Customer
Segment

Type

Intended
Application

Corporate,
Trainers,
expanding to knowledge
workers,
postsecondary
students

Adaptive
courseware
platform

Whole course Licensing
agreements
delivery,
MOOCS

Integrates
with
providers

Postsecondary
education

Teachers/p
rofessors/S
tudents

Adaptive
courseware
platform

Course
Licensing
supplements agreements
for blended
learning,
interactive
labs,
simulations

Integrates
with
providers

Postsecondary
higher
education

Teachers/p
rofessors/S
tudents

Adaptive
courseware

Online
Licensing
cource
agreements
delivery,
course
supplement
for blended
learning

Integrates
with
providers

McGraw Hill- Colleges
and Teachers/p
rofessors/S
Learn Smart universities
tudents
Advantage

Adaptive
courseware

Course
suplement
for blended
learning,
practice aide,
test
preparation
and
homework
tool

Pricing
Integrates
based on with
subject and proprietary
length
of McGraw
license
LMS, Lear
Smart
Connect

Adaptive
courseware
platform,
partners
with
publishers
for content.
Shares API
with
publishers
and content
providers

Varies on the
engagement
partnership
with
the
publisher or
content
provider

Knewton
provides
publishers
adaptive
platform for
content;
publishers
share
student
data with
Knewton to
improve
platform

Adaptive
courseware
platform

Course
Licensing
supplement
and
for blended subscriptio
learning,

CogBooks
Cogbooks.co
m
Smart
Sparrow
https://www.
smartsparrow
.com/

Adapt
Courseware
Not available

Target User

http://learns
martadvantag
e.com/

Knewton

Publishers

-

https://www.
knewton.com
/

LoudCloud
Systems
http://www.b

K-12, colleges Proffesors,
and universities Teachers,
Students
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nedloudcloud.
com/
Cereao

LMS, eReader n options
platform
Postsecondary

Engages
with
publishers
and other
online
providers/
Individuals/
Student

Adaptive
courseware
platform
for memory
manageme
nt

Course
supplement
for MOOCs or
faceto-face
classes,
whole course
delivery

Subscriptio Integrates
n fee and with
providers
freemium
models

Figure 11 Major vendors in adaptive learning landscape

From the analysis above, we see that many of the solutions are offered to a limited range of
customer segments while MaTHiSiS is offering all in one solution that can be easily be adopted to
different markets, as the evidences of the pilots indicate.

2.4.2 Bargaining power of the supplier
The suppliers of technology in MaTHiSiS are ATOS, DXT, OTEA, CERTH, UM and NCSR, partners
involved in the development of the MaTHiSiS solution. However, the percentage of participation of
these partners in the final solution is different. In particular, the main modules of MaTHiSiS (learning
content editor, learning games programming, sensor components and decision support system) are
provided by DXT, CERTH and UM and it will be difficult and costly to replace these components with
software provided by other suppliers. Thus, the bargaining power of these suppliers is high and their
specialized, unique skills and knowledge may be difficult to replace.
On the other hand, MaTHiSiS suppliers are also content providers of learning materials for the
different platform agents. Their power will depend on the quality and whether the product or service
provided by that supplier is generic or specific, and of course on the existing competition and their
prices. Even though the large number of suppliers of content provides a good competition between
them there are still cases in which the product or service provided by the supplier have low
competition, MaTHiSiS will need to buy its product at the market price, where this price is in fact
largely determined by the supplier. Thus, such fact will have consequences on the production cost
but not on the competitiveness of MaTHiSiS.

2.4.3 Bargaining Power of the Buyers
Under MaTHiSiS's, customers include educational authorities (public and private), industry that are
interested in providing affective and game-based based training and private and public long-life
training centres.
There is a substantial market with growing demand which MaTHiSiS can address as
•

•

The increase the use of digital technologies for learning is a priority in Europe and also, social
exclusion is a key concept in Europe social policy, and both the Europe 2020 strategy and the
Digital Agenda for Europe aim to ensure greater social cohesion and employment. Support
for disengaged and disadvantaged learners, enhancing their employability and integration
into society is a key. This includes helping people with learning disabilities, and young people
to be more employable. Children in danger of social exclusion, showing little to no signs of
empathy and high levels of aggressive or anti-social behaviours should benefit from digital
games tailored to teach prosocial skills that can help them achieve academically, appreciate
team work and recognize the value of understanding other people’s needs.
Personalized Learning is on everyone’s mind. Teachers have sought to meet the unique
needs of students for decades and the inclusion of special needs students in regular
education classrooms broke the one-size-fits-all teaching approach. Thus, the trend in
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•
•
•

education is to focus more on the distinctive characteristics of each learner. Personalized
learning involves individualizing the entire learning experience for each learner-- not only
adjusting instruction based on students’ academic strengths and weaknesses, but also
adjusting instruction based on their interests and emotional state.
More and more schools have already hold a pulse on innovation and introduces different
devices (IWBs, smart phones, tables, robots) in their teaching and learning practices.
A rising number of companies increase their expenditure on training and other external
products and services related to industrial and corporate training and they may be even
more effective if self-assessment techniques are provided.
In times of crisis, there is a large number of people that are seeking for a long-term career
development and planning, who wish to change career, improve future employment
prospects etc.

However, although the demand is increasing, the bargaining power of end customers is very high, in
particular in the education sector, as innovation has still a low penetration in education, especially in
primary and secondary education:
•
•
•

The public sector, including education, is often perceived as reluctant to change and
disinclined to innovate.
Teachers are also reluctant to using new technologies in the classrooms because sometimes
they do not know how to use it and they prefer the traditional methods.
Due to the economic crisis, the countries spend less money on education.

Due to a commoditization of the market and high demand of the buyers, larger volumes of such
products are usually sold on the market while its prices keep falling. That in return stimulates a
market with negative profit growth rates. To satisfy the buyer and fighting for the market share many
educational suppliers compete on price and profit margins decline. With many similar products on
the market, buyers have a choice to opt out for a cheaper offering therefore dictating the pricing for
many businesses. Large suppliers of education and eLearning products have the possibility to react
on buyers bargaining power operating in many cases at a loss to win the market share and therefore
drive out the competitors. According to the report of K12, Inc. "Price competition from our current
and future competitors could also result in reduced revenues, reduced margins or the failure of our
product and service offerings to achieve or maintain more widespread market acceptance." The
bargaining power of the buyer and the competition have a major implication on a supplier's pricing
power which is also explained by limited number of differentiation between the products.

2.4.4 Threat of New Entrants
The eLearning Platform is a hot market where everyone seems to be entering. It is relatively easy to
build new eLearning platforms. However, significant amount of resources are required to integrate in
a single platform innovative digital educational tools, solutions and services for learning and
teaching as MaTHiSiS does. Also, due to the high number of solutions, a lot of work is required in
the marketing of the platform therefore not a lot of people work with new solutions but rather
integrate their solutions with existing solutions. The Entry Barrier for new entrants is not
technological but economical.

2.4.5 Threat of Substitutes
There are a large number of elearning platforms, however the threat of MaTHiSiS platform being
replace by alternative products is low. In the case of MaTHiSiS considering its capabilities for
adaptation/personalization taking into account the affective/intent state of learners, the support for
ubiquitous learning and stealth monitoring based on Learning Analytics, competitors will have some
technological barriers in particular due to the combination of disruptive technologies (facial
expression detection, affect tools for image/video/3d/speech or the detection of affective/intend
states, multimodal learning analytics, combination of multiple interaction devices and their
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synchronous/asynchronous communication). Possible competitors can successfully provide solutions
based on any of those technologies but it is quite unlikely they will address the combination of all of
them.
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3. Definition of Business Scenarios
The educational and training market has created a number of different models to develop and
deliver educational products to the end users. Some are evolving within the academic sector, others
in business. As a new entrant in the adaptive learning space MaTHiSiS shall consider several business
models. Within the scope of the T1.1 and this deliverable in particular, the consortium provides the
roadmap and evaluates different business scenarios whereas concrete business strategies are subject
to business planning (T1.2). For the time being we distinguish between the following business fields:
•
•
•

E2B – Education to Business (which can cover corporate and industrial training proposition)
E2E – Education to Education (which is delivered to the educational sector including schools,
universities, professons, special education establishments, etc.)
E2C – Education to Consumers ( focuses on the private sector, vocational training,
individuals, life long learning)

One part of strategic planning and more accurate business scenario definition, the Business Model
Canvas (BMC) is used. Herewith we focus on the customers and the business. All of the aspects were
separately evaluated in the D1.1 introducing internal and external dimensions that meet around
MaTHiSiS value proposition.
Key players: this section depicts some of the external parties or partners of the MaTHiSiS consortium
that are needed to perform key activities while delivering proposed value to the customer. Key
players have major implications on MaTHiSiS’s success, providing backgrounds, MaTHiSiS tools,
dissemination and exploitation as well as advocacy groups
Key activities: Here the activities of MaTHiSiS venture are defined in the role of distribution,
technical development and other activities that help to deliver added-value to the customer
segments
Key resources: MaTHiSiS essential and practical resources that are crucial for the business are stated
here which include the infrastructure and staff. Here we define technological and human capital that
helps to deliver value proposition.
Value Propositions: provision of learning to every learner in any type of setting is the value
proposition of MaTHiSiS. In a view of different approaches to different customer segments and
diversity of MaTHiSiS products, here we state value propositions from both economic and social
perspective.
Customer relationship: here the consortium defines how future business will interact and maintain
strong relationships with its stakeholders. This has to be considered separately for each of the
markets
Channels: this section introduces and overview of main communication, delivery and marketing
channels. Given that MaTHiSiS is an internet enabled adaptive eLearning platform, an important role
will be given to the online communication.
Customer segments: this section depicts major segments of customer to whom MaTHiSiS platform is
offered and creates an added value. These were elaborated in D1.1 and cover the range from the end
users to businesses and governments.
Cost structure: on a high level this is the approximation of the main monetary cost categories
needed for operating the business
Revenue streams: preliminary outlines of how the MaTHiSiS solution will convert its value
proposition into financial gain. Within MaTHiSiS proposition having different stakeholder groups in
the ecosystem implies different payment models depending on the customer segment which are
further elaborated in this section.
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Key Partners

Key Activities

Value
Proposition

Mainstream
education

Technical
Support/Maintenance MaTHiSiS
platform
ASD and PMLD Integration
provides every
education
Customer service
type of learner,
Industrial
in every type of
Individual
Training experts
setting, on the
Customization
device
they
Career Guidance
Sales
have at their
Technology
disposal, with a
providers
bespoke,
individualized
Ed Expert panels
learning
Regulators and Key Resources
experience that
policy makers
Software developers
is adapted to
their personal
Software resources
requirements
Pedagogical
involvement
Hardware resources

Customer
Relationships

Customer
Segments

Engagement

Please, see the
stakeholder
Customization
analysis for each
New offerings of the segments
within
the in D1.1
platform (new
PAs)
Quality
assurance
Free trials
Channels
Engaging with
innovative startups
Web site
Social network
Direct
engagement
with
schools,
career centres,
industries

Cost Structure

Revenue Streams

Hosting and infrastructure

Different pricing strategies for Software as a
Service and Data as a Service, Product sell,
Advertisement,
Pay-per-Use,
Subscription,also case dependant

Maintanence
Personel costs
Possibly hardware (dependent on the adopted
business model)

Figure 12 MaTHiSiS Business Canvas

The consortium does realize the importance of different approaches to the markets and a number of
different business models that business shall adopt depending on the market segments.
Nevertheless, on the global level, the internal factors stay the same, the cost structure and key
activities and resources will not differ. Special attention shall be paid to customer segments,
customer relationships and revenue streams. Since we already know the customer segments and the
way to approach them to the level of country to country granularity, that were in detail analysed in
D1.1, for a complete picture, the consortium shall consider a number of different revenue streams.
There are a number of ways to generate income depending on the use case. Herewith we
differentiate between three different models:
Integrator – as an entity, MaTHiSiS develops and delivers each of the processes in the educational
value chain. These might include the initial conceptualization, content development (e.g. Learning
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Material (LM) development) and delivery as well as the provision of additional services to the
customer segment.
Broker – in this case MaTHiSiS product distributor collaborates with another representative from the
educational value chain and the role of MaTHiSiS broker would lie in coordination. This model is
possible when strong collaboration and networking between academic and corporate partners is
present.
Socializer – focusing the activities on one specific service (like platform provider, authoring tool
developer, etc)
There is a big range of revenue models that MaTHiSiS can explore including 20:

Model

Variation

Notes

Immediate
Revenue

Models for generating regular income, cash-flow (‘Self-Sufficient’
models)

Subscription

Charge the end-user a regular, recurring fee. Consider:
Minimum contract lengths , Buy X (days/months/weeks) get Y (d/m/w)
free , First X (d/m/w) free (‘Trial period’), Discount periods , Pay to
remove adverts, Pay for additional (‘premium’) content , Pay for
API/advanced features, Pay for support subscription
Fixed

A single, fixed subscription cost (e.g. to access an online magazine or a
specific service).

Variable

Several fixed-price subscriptions are available to the end-user; fee
dictates feature/usage limitations, etc. This includes the ‘Freemium’
model; a (usually limited) ‘free’ option alongside one or more paid
options.

Third-Party
Supported

The end-user receives the service for free; a third-party pays a fee for a
returned service.
Advertising

Payments

20

One or more third-parties place clearly defined adverts within the
website/application. Variations of adverts include graphical banners,
text, inline, pop-over, interstitial, etc. Normally charged by cost per
click, cost per action, or cost per thousand impressions.
The end-user makes individual, ad-hoc transactional purchases.

Pay-peruse

Micropayments: the end-user is charged a fee to use an online service
(one-off, or for a limited time). This includes the ‘brokerage’ model,
where user(s) are charged a fixed-price or percentage per transaction
(e.g. ebay). This also includes the purchase of ‘credits’ e.g. 10 uses of
the service for a fixed cost. Discounts can be offered for bulk purchases.

Physical
Products

The typical e-commerce model; includes books, CDs, holidays, tickets,
etc. Typically, each ‘physical product’ has a non-arbitrary cost
associated with its production.

https://seekingalpha.com/article/128164-a-terrific-overview-of-free-business-models-for-online
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Virtual
Product

The end-user purchases a ‘digital’ product that typically has a negligible
cost of replication. This includes virtual gifts (e.g. Facebook), in-game
items (e.g. Hints in the eLearning game), and other virtual assets

Related
Products

The end-user has free access to the main product/service. An
additional, optional charge is made for related ‘added value’
products/services, e.g. documentation, support, commercial versions,
related iPhone or Android application, etc.

Donations

The website relies on voluntary end-user donations.

Establish
and Exploit

Attract a substantial audience before monetizing.
Re-use/Resell

Re-sell/re-use the data/content, usually from User. Generated Content
websites e.g. create books, posters or other purchasable products from
data/content created on site.

Platform

Establish a platform, then charge for third parties to participate once an
audience has been established e.g. iPhone. See also Facebook.

Branding

Build a ‘personal brand’ for yourself/your company. Once awareness is
raised, go on Conference/Workshop/ ‘Expert’ circuit, or release a book,
etc.

Sell/Exit

Create a popular application/website, then make it someone else’s
problem to monetize e.g. YouTube

Revenue
Share

End-users are offered a cash incentive to make the website/application
generate revenue, by sharing a percentage of revenue with them
(usually based on their personal referrals or popularity of their content).

Re-Seller

The end-user can re-sell the online service.
Affiliate

The end-user is paid to direct customers to the website, typically by
listing/selling the products/services elsewhere.

White
Label

The end-user can brand/tailor the online service and re-sell it as their
own (typically taking a percentage of the generated revenue, or paying
a fixed subscription cost to the original service).
Table 6 Review of possible revenue streams

For the scope of the project however we can highlight six business models that might be most
feasible for the project and are common in the e-learning sector:
•
•
•
•
•

Selling the product based on the list prices and generating revenues
Brokerage activities can bring revenues by bringing two or more parties/stakeholders
together which would facilitate certain transactions
Membership fees are paid on a regular bases for delivering some regular services to a
customer
Subscription fees in their different forms as described in the table above are charged for
individually requested services
Advertising is a nice source of revenue that can exist in parallel with other revenue models
charging the supplier of the product placement.
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•

Data sale and mining. This is a new and promising revenue model which envisions collection
and analyses of customer related information (anonymised where required) that can later be
sold to a data mining agencies or any other interested party. It should be noted, that legal
aspect of such activity shall be taken into consideration.

Following the best practices of business scenario modelling in the e-learning space [33] we present
some of the possible business models that capture the full range of activities that differentiates
between in-house and outsourcing resources and has an impact on the revenue model. Further
deconstructing e-learning value chain, the activity models depending on the product and service
provision can be depicted as follows:
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In-house

In-house

In-house

In-house

Learning
process
related
services

In-house

Outsourcing

Outsourcing

Outsourcing

In-house

Support
activities

In-house

Inhouse

Inhouse
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Figure 13 Review of the activity models

Should MaTHiSiS go for full service provision, all activities that are needed to deliver a product or a
service to a customer segment can be covered by the in-house resources. Ultimately, this business
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model would require much higher operational costs for MaTHiSiS entity. Considering the internet
based delivery of the solution, packaging and distribution costs would not be high.
There is a clear possibility for MaTHiSiS consortium as well as individual partners to enter the market
as a content provider. Although this is not the core goal of the project, this model shall not be
excluded. As identified in the Annex of this deliverable, partners have identified the possibility to
exploit Learning Materials as some standalone applications and this approach can be followed by
providing content to different customer segments. The role of educational partners in this case is of
high importance and can be further explored to provide domain knowledge and deliver Learning
material tailored to each of the customer.
Application providers route can be explored for each of the separate tools that MaTHiSiS consortium
has developed and identified in the Annex. There is a possibility for application and software
providers to collaborate.
Hardware provision seems to be less feasible for the time being since the general assumption is that
customers already possess the needed hardware MaTHiSiS platform can function on. Otherwise it
can be included in the pricing model and included in the subscription or membership fees.
Finally, service providers deal with various tasks around customer relationship, distribution and
promotion. They can also provide QA of the content, assistance and support, hosting services as well
as marketing of MaTHiSiS system.
Finalizing all the considerations above, we able to sum up all the possibilities into 4 models:

MaTHiSiS Product Model
•MaTHiSiS entity developes a product or provides a standardized service which is sold to the
customer. The value proposition in this case is only transactional - the main goal is to provide
the product that the end users will buy

MaTHiSiS Solution Model
•MaTHiSiS entity engages with the customer or the end user, discussing the requirements and
the gap the product or service shall fullfil. MaTHiSiS then provides an integrated solution
benefiting from a relational value proposition - tailored solution to each customer

MaTHiSiS Matchmaking Model
•Connecting buyers and sellers within one market place. The value proposition is only
transactional facilitating exchange and business relations between two parties

MaTHiSiS Multi-sided model
•Provision of differentiated products and services depending on the segment. Multi-sided
value proposition is achieved
Figure 14 MaTHiSiS Business Models

The following chapter provides an overview of four possible business models that are also evaluated
with respect to three major criteria that are crucial for successful MaTHiSiS exploitation, namely:
scalability, profitability and risk.

3.1.1 Model 1: MaTHiSiS Product Model
The Product model can be described in twofold. In this case the consortium shall focus its efforts
towards offerings of the product or a service that is sold directly to the customers. In such a business
model, businesses usually care for transactional value proposition selling a quality product on the
market without much of a concern of what the market dictates or what the individual needs of the
customer. In many cases it is a standardized service with one solution fitting to all, setting up a strong
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sales force. Nowadays it is one of the most common business models. In such cases all the additional
investment can be focused on design of the product and its delivery to the market. Trying to map this
particular model to MaTHiSiS, the consortium would have to deal with the following:
•
•
•

•

Constant identification of potential customers who can make use of a standardized product.
Impact creation in terms of capturing awareness of the public and stimulate the demand.
Come up with certain monetisation mechanisms. This can include the unit price identification
as well as possible discounts (here it is possible to differentiate the market by size, type of
end-user, etc). Regardless of business model that is going to be adopted in the end, possible
pricing models are discussed in the next chapter.
Within such scenario it can be envisioned that the business around MaTHiSiS can be
structured in many different ways (depending on the business opportunity and the
dependencies around IPR). This can include hierarchical-integrated partnership or supply
chain partnerships that were discussed in D1.1.

Further we compare the proposed business model to the above-mentioned aspects.
Scalability is about efficiency and replication which might reduce costs due to great volumes. One
has to keep in mind that faster time to market and desire to scale up linearly requires much of
additional investment but might not yield in greater efficiency and profitability in a long-term period.
Profitability can be achieved in a several ways but higher levels of profit will be achieved through
exponential growth, when sales increase keeping the costs flat over time. Alike MaTHiSiS the
development of the system is cost intensive during the development phase but once the tools are
published or platform is on the market, selling it will increase the costs just minimally.
Finally looking at Risks, there is always a threat of a copycat coming into the market where a
product/solution might be introduced to the market with lower costs/selling price.

3.1.2 Model 2: MaTHiSiS Solutions Model
This specific model is more flexible from the business-customer relationship point of view where
specific needs of the end-user or customer are analysed and a complete and integrated solution is
provided in the end. As an output the solution introduced in the end is more tailored to the customer
but might result in higher operating costs. Comparing this model to Model 1, indicated that the
solution model heavily relies on customer relationship and engagement in which a certain
environment has to be created where supplier and diverse customer groups and stakeholders
collaborate for the development of a dedicated product.
Similar to the product model, the following prerequisites would have to be met in order to operate
such model.
•
•
•
•
•

First, it is to Identify potential stakeholders and groups of customers that require tailored
solution
Maintaining a solution/service-based ecosystem in which the process of requirement
gathering and bilateral communication has to be established
Delivery of the system via tailoring it to the customer needs
Set up a charging mechanism that can differ depending on the customer and is more based
on the added value of the tailored product rather than the cost.
Certain supply arrangements are possible and depending on the customer need, components
can be outsourced.

Scalability in such case would be harder to imagine due to the trade-off between higher volumes and
a tailored approach. In addition, this can be reflected on much higher unit costs. Analysing the
profitability of such model brings us to a conclusion that due to negotiation approach and a more
direct engagement with the customer, profitability might yield in higher margins among selected
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customers. Risks of such model are mostly related to financial burden of tailored solutions and buildup of customer relationships.

3.1.3 Model 3: MaTHiSiS Matchmaking Model
The matchmaking model is not the most fitting to the MaTHiSiS solution but can be investigated
nevertheless for future prospective business. In this case it is envisioned that several parties are
coming into play in which a business determines several customer groups and brings them together
via a certain marketplace. It can be envisioned that MaTHiSiS consortium might make use of such
business model but more on the customer segment side (being a customer who seeks for another
segment to distribute MaTHiSiS tool). In theory and if the business confirms to be viable one could
envisage MaTHiSiS platform as a central digital marketplace where developers of the LMs could be
connected to the end-users (educational stakeholders and the end users). The value proposition
would then be reflected in transactional benefits, providing a connection between several partners.
The following operation could be envisioned under this model:
•
•

Most importantly it is to bridge several communities (e.g. buyers of the LMs and
sellers/providers) that have to be clearly identified and their roles described.
Introducing charging mechanism, which can be either based on subscription model or a fee
based on the transactions.

Scalability of such solutions is really important and in most cases easy to achieve if the appropriate
tools of connecting customer groups are in place. If the match is correct, with relevant stakeholders,
and a clear added value for each of the segment is present, scalability can be achieved with a
relatively low effort and cost in the long term. From the profitability perspective, margins are highly
dependent on the scale since businesses try to keep them small. In this case profits are dependent on
the number of transactions.
As for the risks, there is a potential that users might switch to another marketplace (possible
copycats) as well as misconnection of relevant customer segments might lead to the loss of trust.

3.1.4 Model 4: MaTHiSiS Multi-Sided Model
The multi sided model expands the matchmaking model described above in such a way, that the
businesses priority is to identify several types of customers and deliver different products to these
stakeholders. On the one hand it is suitable for MaTHiSiS solution due to differences in the markets
the solution is willing to be introduced and on the other hand, it is due to a variety of products and
services which will be the result of the innovation action (1+4 products). One of the requirements of
this model is that additional benefits shall originate from the use of separated products by different
parties that in the end can be mobilized by MaTHiSiS (e.g. a Learning Game Creation Tool can be sold
to a developer which potentially might create a LM that is going to be introduced within the system
for educational end-user, or reusability of different LGs and LMs between different customer
segments/market as it is achieved during the pilots). The following are the requirements to operate
such model:
•
•

Identification of different customer groups and stakeholders and the product/service that
can be delivered to them
A proposed product ideally creates an added value or a positive impact to additional
customer segment.

Scalability. Based on the current market approaches, there are examples when the entity provides a
product or a service for a specific customer group free of charge but when larger networks will be
attracted to the platform, they will be generating revenue based on the freemium model.
Profitability in this case can be high if scaling up has reached its goal of attracting many customer
segments and the costs of maintain kept relatively low.
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3.2 Possible Revenue Models
To have a clear vision of the products and services MaTHiSiS can offer, the following section provides
a few assumptions on pricing depending on the market the business operates in. The consortium
realizes that there is no one solution that fits all the stakeholders. All the customer segments are
different and have differences in purchasing power. Therefore, MaTHiSiS investigates various pricing
possibilities as presented below.
“Freemium” business model: Specifically, for software products, freemium model is considered as
one of the promising and successful solutions for business where potential customers would get
some initial number of accounts free of charge. This can suit well across different use cases, from
individuals to educational institutions and corporate training. One of the variations is to supply the
customer with a basic version of the MaTHiSiS platform for free for a limited period of time (onemonth trial version). This is done for the purpose of showing the added value of MaTHiSiS solution in
practice, giving the customer a choice to evaluate the system in real environment and appreciate the
benefits they would be willing to pay for with even more advanced features of the platform.
Variable Pricing Model: Considering the complexity of the different markets MaTHiSiS is
approaching, it is crucial to approach given customer segments with a variable pricing model
depending on individual requirements and spending potential. Bellow, we provide a tentative pricing
model as an example that consortium partners might consider, whereas actual pricing is just an
example and shall include a more detailed financial and economic analysis (to be discussed in more
detail as part of the T1.2).
In this case the variable pricing model envisions several versions of the software/platform which
might mean that the customer would pay for additional features that the institution, business or any
other stakeholder requires. In addition to that, the variable pricing incorporates a number of
different price levels that would depend on the number of active users. As part of securing sufficient
resources to operate the business, MaTHiSiS entity would encourage to sign up for a fix duration
contract (e.g. 1 year) at the same time providing discounts on pricing per user for longer duration
contracts. This would improve the cost efficiency of operating the business. There also should be a
possibility for the customer to try out the full featured system in a live environment before making a
decision on the membership option. The following figure introduces a chart of tentative pricing
model representation.

MaTHiSiS Basic
Platform with limited capabilities,
aimed mostly to small enterprises
or small sized schools
up to 50 active users per month
assumed
Example: Depending on the usecase can be charged from free to
4,99 EUR per learner per month

MaTHiSiS
Advanced
Includes additional features (e.g.
functionalities of +4 MaTHiSiS
software tools)
Or can be proposed for larger user
base (up to 4000 active users)
Example: depending on the usecase from 2,49 to 3,99 per learner
per month

MaTHiSiS Premium
all in one solution aimed at big
enterprises or NGO buy in.
Price per year within a single
institution
Prices shall be discussed on one to
one bases, with possibility to
negotiate the prices, provision of
additional services, hardware (e.g.
200.000-300.000 EUR/year)

Figure 15 Tentative pricing model
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The above described solution is an initial approach that would be able to cover the market regardless
of the use case and its application. Such differentiation would allow different stakeholders to benefit
from MaTHiSiS value propositions: from small businesses or special needs education schools to big
corporations, NGOs or even exploring the PPP space.

3.2.1 Financial Sources and possible acquirers of Mathisis platform
One of the goal set for the MaTHiSiS consortium partners is to exploit the results of the project
seeking for a monetary compensation. Regardless of the chosen business model, future operations of
the operator of MaTHiSiS would seek for additional financial support. This, in fact can be achieved in
many ways and the Member States cooperation activities in the European Research Area (ERA) only
encourage that. These strategies are set within the 3% action plan or through a number of dedicated
funds of the H2020 aimed to support innovative ideas as part of SME instrument or FET open
initiatives. Taking MaTHiSiS exploitation in consideration, it is believed that big market player (e.g.
ATOS, DXT) are self-sustained entities and would be able to cover the operational expenses without
external support, should the commercialization opportunity come into play. Nevertheless, it is of
high importance to screen the market for potential venture capitalists and business angels to be sure
that every partner (including SMEs) would have access to additional funds should their components
or the whole system be commercialized. And this is the purpose of the following chapter.
According to CB insights, Pearson is the biggest acquirer in the Ed-tech market followed by
Blackboard, Macmillan Group, McGraw-Hill, Chegg, SkillSoft, Capella Education Company, John Wiley
& Sons and Rosetta Stone since 2012. The European market is comprised of the following acquirers:
ReedElsevier, Holtzbrick Publishing Group, Bertelsmann group, Sanoma and Grupo Planeta &
Lagardere.21 In the following section, we will brief on each of the acquirers/investors as potential
funding source to run and market the platform.
3.2.1.1

Pearson Publishing

Pearson Education, a British-owned education publishing formed in 1998 and is headquartered in
London. Pearson has 42 publishing imprints and partnership with countless high-education
publishers and governments to work on e-learning solutions 22. Pearson operates through 3 business
segments: Education, FT Group and Penguin and has acquired 18 companies which were digitalbased/e-learning businesses. Figure 16, shows the previously acquired companies of Pearson since
2011.
Pearson sold FT and Economist group to focus on the education business might be a good sign for
MaTHiSiS as it increases the chances of Pearson investing/acquiring the technology for their use 23.
Pearson would be a great partner to work with due to the biggest reach in terms of the market they
address and their partnerships will help in distributing the MaTHiSiS platform faster than any other
means. Therefore, the need to partner up with Pearson should not be strictly financial but also
strategical in terms of expansion.

21

https://issuu.com/ibiscapital/docs/a_european_perspective_on_e-learnin
https://en.wikipedia.org/wiki/Pearson_Education
23
https://www.ft.com/content/c70df8b2-3612-11e5-bdbb-35e55cbae175
22
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Figure 16 Previously acquired companies of Pearson

3.2.1.2

Reed Elsevier (RELX Group)

RELX Group is an information and analytics company headquartered in London founded in 1844 and
operates in more than 70 countries. Reed Elsevier Ventures works in M&A for Education and
Technology companies and focuses 4 segments:
•
•
•
•

Scientific, technological, medical
Risk Solution and Business Information
Legal
Exhibitions

Since 2011, Reed Elsevier has acquired/invested three e-learning based companies:
•
•
•

Mendeley - Cloud-based research management and social collaboration platform
Babbel – Germany based Babbel creates inline and mobile-based language learning courses
FingerPrint – FingerPrint creates mobile apps for kids and their parents

MaTHiSiS can be a good edition to their portfolio due to the fact that they focus on technological
advancements and therefore would be interested in the Artificial Intelligence as well as Machine
Learning components of the platform. Elsevier Performance Manager, And Evolve LMS are 2 of the
most famous LMS systems by Reed Elsevier and they have Evolve Online Courses and Mosby’s
eLearning as Content Libraries.
3.2.1.3

Holtzbrick Publishing group

Holtzbrick group is headquartered in Stuttgart, Germany and was founded in 1971. It operates
through 3 segments of divisions:
•
•
•

Global Trade (Consumer Books)
Global Science & Education
Holtzbrick Digital Information & Services

Holtzbrick group has been investing in eLearning through various entities such as Macmillan New
Ventures, Macmillan Digital Education and Macmillan Education. With these 3 entities, Holtzbrick
group has invested/acquired in more than 10 companies. Macmillan New Ventures launched a $100
Million fund to incorporate nearly 15 countries by 2015 but was unable to do so.
MaTHiSiS might be of interest to be acquired or funded by the Publishing group due to their focus on
digital technologies and the money they planned to invest in acquisitions and investments. MaTHiSiS
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would be a good opportunity for them since their portfolio does not include any e-Learning company
focusing on the provision with AI or learners with special needs. Figure 17 includes some of the
Investments and acquisitions by Holtzbrick in eLearning.

Figure 17 e-Learning Investments and Acquistions by Holtzbrck Group

3.2.1.4

Bertelsmann Group

Bertelsmann group headquartered in Gutersloh, Germany, founded in 1835 is one of the biggest
mass media company in the world. The company operates in 50 countries focusing on divisions such
as television, book publishing, magazine publishing and other services. Betelsmann group holds
various entities such as Bertelmann Digital Media Investments, a $63 Million corporate venture fund,
Bertesmann AG and a $ 100 Million University Venture to focus on investing and acquiring eLearning
companies. Bertelsman entered the e-learning market in 2014 to increase in their focus on education
and wants education business a third mainstay of business for the group apart from media and
services.

Figure 18 Bertelsmann eLearning investments

3.2.1.5

Sanoma

Headquatered in Helsinki, Finland Sanoma was founded in 1999. Sanoma has 3 primary businesses,
Media, News and Learning. We feel that due to the large focus on learning already in the company,
MaTHiSiS will be a good addition to their Portofolio which includes Malmberg, NowaEra, SanomaPro,
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Van In and Sanoma utbildning 24. Figure 19 provides a detailed overview of each of the companies in
their current portfolio.
Since none of the companies in the portfolio is an LMS tool, MaTHiSiS can be a good addition which is
strategically aligned with the company’s expansion goals. Integration with below mentioned NTKPerfekt as well as Other Educational publishers in the portfolio will allow to produce content for
MaTHiSiS platform.

Figure 19 Sanoma eLearning Portfolio

3.2.1.6

Venture Capitalists as a source of funding

Should the consortium decide to seek for additional sources of funding, there are a number of active
Venture Capitalists that eager to invest in educational technology. The report of CBinsights 25 has
provided an infographic with the most active Ed Tech Investors that the consortium shall engage with
as soon as the technology is tested:

24
25

https://www.sanoma.com/en/learning/brands
https://www.cbinsights.com/research/ed-tech-most-active-investor-infographic/
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Figure 20 Most active Ed Tech Investors (CBinsights)

We further mention the following VCs:
•

26

New Schools Venture Fund 26: Created in 1998 by Kim Smith, John Doerr and Brook Byers
with the goal to help education entrepreneurs due to the belief that they can have more

http://www.newschools.org/
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•

•

3.2.1.7

impact than technological entrepreneurs. The fund focuses on high-need students within
public education, ranging from starting schools as well as creating educational technologies.
The fund has invested in nearly 50 companies and entities working on “building engaging,
research backed tools, applications, content and services to improve education opportunities
for children”.
Learn Capital: Learn Capital was formed in 2008 as a venture capital firm with focus only on
global education technology sector and investing in learning content, platforms and services.
The firm is based in San Mateo, California but invests in ventures worldwide. Learn Capital is
also a major investor in Co ursera, world’s leading platform for online courses and degrees,
amongst their portfolio of 65+ companies. 27
The EdTech Fund 28: New York based EdTech fund was launched by Dan Aks and Stanley
Buchesky for specific investments in student engaging platforms and services. The fund plans
to invest in technologies that provide the teachedrs with greater insight into what students
are learning to help them plan there lessons and use this information to deliver content to
each specific cohort of learner. Another focus they like in their products is the efficiency
increase for the teachers and the administrators and we believe MaTHiSiS qualifies all these
criterias therefore can be easily incorporated in their company strategy.

Communication with potential customers

To ensure successful exploitation of the project results, the consortium relies on the early
engagement with potential customers. In fact, as part of the exploitation activities, consortium has
engaged with a number of entities to validate our approaches and already at this stage seek for
potential agreements. The results have indicated that there is a high interest towards the innovative
solutions from the start-up community.
Sava Riaskoff and Giacomo Melzi are some of the engaged potential customers. They are
experienced entrepreneurs and technical experts building a new venture called Edventurists 29. The
idea behind the venture is to incorporate social entrepreneurship and learning. This particular
market niche has revealed high interest from the potential customers and a positive response in their
market analysis. The idea is to develop a platform where people communicate and learn social skills
as well as exchange knowledge between the natives focusing on social entrepreneurship and
knowledge exchange. They plan to target job seekers and focus on their learning in social
entrepreneurship independent of the location their go in the globalized economy. While learning
social and communication skills within different cultures, affective response is deemed to be of high
importance. For this reason, collaboration with MaTHiSiS is potentially feasible and Mr. Riaskoff and
Melzi expressed their willingness to test the platform as soon as public demos are available as well as
the results of the pilots, especially given that the market and the venture idea is highly correlated
with the career guidance use case represented in the MaTHiSiS project.
Our Dream School, Barcelona 30: this startup is driven by the decisions to create a new vision towards
schools of the 21st century. Initial consultation with Ms. Franziska Weingart, Process Manager at the
Our Dream School in Barcelona, revealed that MaTHiSiS has a high added value to this venture since
their plan is to offer a school spanning trough several generations, educating children from
mainstream education along with a life-long learners goals through their platform that connects
them to relevant experiences, people, spaces and knowledge.

27

http://learncapital.com/portfolio/
http://www.theedtechfund.com/
29
http://edventurists.com/
30
www.ourdream.school
28
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The potential cooperation is seen as using MaTHiSiS as a backbone of the Our Dream School since
most of the developments of the current LMS are outsourced. High interest has been shown in the
affect recognition capabilities of the software to analyze the reaction, response and grasping of the
ideas of the learner with respect to a given knowledge or experience.
Further engagement included the discussion with the CEO of IQ Freinds 31- Eike Post. Major
discussions were around the most suitable business model of the MaTHiSiS platform as a whole
solution. The company’s history goes back to 2007 when the founders were working on the
development of a reliable IQ test which later resulted into the Emotional IQ. In 2012 they have
developed a career feedback survey. Now the company combines engineers and researchers from
Germany, Ukraine and USA offering learning material and games to improve cognitive performance.
A web and mobile solution is aimed to provide brain games to train logic, memory, numerical skills,
speed and mental flexibility. The company was very successful at scaling and gaining a solid use base
therefore consultation around their business was highly beneficial for MaTHiSiS. Future collaboration
between IQ Friends and MaTHiSiS is not excluded and will follow up since their products can be
enhanced with individual components of MaTHiSiS (e.g. Learning Analytics tool)

31

https://iqfriends.com
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4. MaTHiSiS components and IPR management
In order to avoid potential issues that may arise in the future commercialization activities, which may
have negative effects for the collaboration of the partners in the exploitation of the project results,
the consortium has developed the necessary mechanism to protect the Intellectual Property in
MaTHiSiS.

4.1 MATHiSiS Components
In this respect, and to have a clear vision of all software components that have been developed or
enhanced within the MaTHiSiS project and their respective licences after the project end, a table has
been generated listing all components and subcomponents, the partner who owns the component,
the technologies used, the list of external dependant libraries that are being used within the
components´ code and their respective licences as well as the final licence of the service/component
after the project end. The final licence has been selected based on the minimum possible licence
based on the libraries used in each case and also agreed with the partner responsible for each
component.
The table provides the following information on:
•
•
•

•
•

•

The MaTHiSiS component, which represents a reusable, functional, identifiable part of the
whole platform that provides a particular functionality within the system and in combination
with other components, forms a MaTHiSiS system.
A sub-component represents a subassembly of smaller functional parts that in a combination
introduce a component described above. In some cases the sub-component has smaller
functional parts.
The ownership column is related to MaTHiSiS partner’s right to use, manage, the right to
possess a certain component. At this stage, we might also refer to the ownership as partner
responsible for the development of such component, or the legal ownership in case the
component was developed before the MaTHiSiS project. Future ownership rights, usage
restrictions, license granting agreements are subject to the evaluation during the course of
exploitation planning and shall be outlined in a separate deliverable.
Technologies used column is covering the programming languages and databases used for
the development of the (sub-) component.
Software libraries and frameworks are standard or custom libraries created by partners for a
given component. This column also elaborates on legal instruments that apply to a chosen
library/framework, therefore regulating its application and redistribution procedures (e.g.
licenses).
Can be the component exploited individually? This column indicates if the component can
be used independently of the MaTHiSiS platform. That is, if the component can be sold
without MaTHiSiS platform. The information included in this column will allow us to identify
the
exploitable
results
of
the
project
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Decision
Support
System

Personalization
and UM
adaptation mechanisms

Python

Recommend Python library (GNU GPL)

Can be
exploited
i di id ll

SW libraries
used and
licenses

Technologies
used

Ownership

Subcomponent

Component

Table 7 MaTHiSiS Components Licenses overview

Yes

PyMongo 3.3.1 (Apache 2.0)
requests (Apache 2.0)
NMF scikit-learn developers kit (BSD licence)

Tensor
Factorization UM
algorithms for adaptation

Python

Recommend Python library (GNU GPL)

Yes

PyMongo 3.3.1 (Apache 2.0)
requests (Apache 2.0)
NMF scikit-learn developers kit (BSD licence)

Cloud learner space

Asynchronous collaboration UM
(transfer learning)

Python

PyMongo 3.3.1 (Apache 2.0)

Yes

requests (Apache 2.0)
NMF scikit-learn developers kit (BSD licence)

Learning
Graph
Engine(LGE)

Spectral analysis-based LG CERTH
adaptation

Experience
Engine

Contract No.: 687772

DXT

Java

JAMA: Public-domain software

Yes

Python 2

Requests (Apache 2.0)

No

Urllib2 (MIT)
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Affect and
Intent
Recognitio
n lib (AIR
lib)

UM

REST API, Python (PSF)
Python
aniso8601 (BSD)

No

certifi (ISC)
chardet (LGPL)
click (BSD)
Flask (BSD)
Flask-cors (MIT)
Flask-pymongo (BSD)
Flask-restplus (MIT)
idna (BSD)
itsdangerous (BSD)
Jinja2 (BSD)
jsonschema (MIT)
MarkupSafe (BSD)
mongoengine (MIT)
numpy (BSD)
pymongo (Apache License, Version 2.0)
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python-dateutil (Simplified BSD)
pytz (MIT)
requests (Apache 2.0)
six (MIT)
urllib3 (MIT)
Werkzeug (BSD)
Interaction
with
Platform
Agent lib
(IPA lib)

UM

REST API, Python (PSF)
Python
aniso8601 (BSD)

Yes

certifi (ISC)
chardet (LGPL)
click (BSD)
Flask (BSD)
Flask-cors (MIT)
Flask-pymongo (BSD)
Flask-restplus (MIT)
idna (BSD)
itsdangerous (BSD)
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Jinja2 (BSD)
jsonschema (MIT)
MarkupSafe (BSD)
mongoengine (MIT)
numpy (BSD)
pymongo (Apache License, Version 2.0)
python-dateutil (Simplified BSD)
pytz (MIT)
requests (Apache 2.0)
scikit-learn (new BSD)
scipy (BSD)
six (MIT)
urllib3 (MIT)
Werkzeug (BSD)
User API
User space

ATOS,
OTEA

REST API, Connexion 1.1.5(Apache License, Version 2.0)
Python 3
Setuptools 34.3.0 (MIT License)
Flask 0.11.1 (BSD)

Contract No.: 687772
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Flask-Cors 3.0.2 (MIT)
PyMongo 3.3.1 (Apache License, Version 2.0)
Jwt 0.3.2 (MIT)
PyJWT 1.4.2 (MIT)
Simplejson 3.11.1 (MIT)
Pycryptodome 3.4.6 (BSD)
Cryptography 1.7.2 (BSD)
Learner
Profile
Repository

ATOS

REST API, Connexion 1.1.5(Apache License, Version 2.0)
Python 3
Setuptools 34.3.0 (MIT License)
Flask 0.11.1 (BSD)
Flask-Cors 3.0.2 (MIT)
PyMongo 3.3.1 (Apache License, Version 2.0)
Jwt 0.3.2 (MIT)
PyJWT 1.4.2 (MIT)
Simplejson 3.11.1 (MIT)
Pycryptodome 3.4.6 (BSD)
Cryptography 1.7.2 (BSD)
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Common
API

ATOS

REST API, Connexion 1.1.5(Apache License, Version 2.0)
Python 3
Setuptools 34.3.0 (MIT License)

Can be
exploited
i di id ll

SW libraries
used and
licenses

Technologies
used

Ownership

Subcomponent

Component

D1.2 – MaTHiSiS Exploitation Plan M24

No

Flask 0.11.1 (BSD)
Flask-Cors 3.0.2 (MIT)
PyMongo 3.3.1 (Apache License, Version 2.0)
Jwt 0.3.2 (MIT)
PyJWT 1.4.2 (MIT)
Simplejson 3.11.1 (MIT)
Pycryptodome 3.4.6 (BSD)
Cryptography 1.7.2 (BSD)
Learning
Analytics
API

ATOS

REST API, Connexion 1.1.5(Apache License, Version 2.0)
Python 3
Setuptools 34.3.0 (MIT License)
Flask 0.11.1 (BSD)
Flask-Cors 3.0.2 (MIT)
PyMongo 3.3.1 (Apache License, Version 2.0)
Jwt 0.3.2 (MIT)
PyJWT 1.4.2 (MIT)
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Simplejson 3.11.1 (MIT)
Pycryptodome 3.4.6 (BSD)
Cryptography 1.7.2 (BSD)
Learning
Session
API

DXT

REST API,

Connexion 1.1.5(Apache License, Version 2.0)

Python 3

Setuptools 34.3.0 (MIT License)

No

Flask 0.11.1 (BSD)
Flask-Cors 3.0.2 (MIT)
PyMongo 3.3.1 (Apache License, Version 2.0)
Jwt 0.3.2 (MIT)
PyJWT 1.4.2 (MIT)
Simplejson 3.11.1 (MIT)
Pycryptodome 3.4.6 (BSD)
Cryptography 1.7.2 (BSD)

Platform
Agent API

DXT

REST API, Connexion 1.1.5(Apache License, Version 2.0)
Python 3
Setuptools 34.3.0 (MIT License)
Flask 0.11.1 (BSD)
Flask-Cors 3.0.2 (MIT)
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PyMongo 3.3.1 (Apache License, Version 2.0)
Jwt 0.3.2 (MIT)
PyJWT 1.4.2 (MIT)
Simplejson 3.11.1 (MIT)
Pycryptodome 3.4.6 (BSD)
Cryptography 1.7.2 (BSD)

Learning
Space

Learning
Graph lib
(LG lib) &
API

CERTH

REST
Java

API, JGraphT: dual-licensed under LGPL and EPL; Yes
Tinkerpop Blueprints open source, own license
(https://github.com/tinkerpop/blueprints/blob/maste
r/LICENSE.txt); Jackson (for the REST API): Apache
License (AL) 2.0

Smart
Content Learning
Atoms lib
(SLA lib) &
API

CERTH

REST
Java

API, Jackson (for the REST API): Apache License (AL) 2.1

DXT

REST API, Connexion 1.1.5(Apache License, Version 2.0)
Python3
Setuptools 34.3.0 (MIT License)

Learning
Action lib
(LA lib)

Contract No.: 687772
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Flask-Cors 3.0.2 (MIT)
PyMongo 3.3.1 (Apache License, Version 2.0)
Jwt 0.3.2 (MIT)
PyJWT 1.4.2 (MIT)
Simplejson 3.11.1 (MIT)
Pycryptodome 3.4.6 (BSD)

Learning
material
lib (LM lib)

DXT

REST API, Connexion 1.1.5(Apache License, Version 2.0)
Python3
Setuptools 34.3.0 (MIT License)
Flask 0.11.1 (BSD)
Flask-Cors 3.0.2 (MIT)
PyMongo 3.3.1 (Apache License, Version 2.0)
Jwt 0.3.2 (MIT)
PyJWT 1.4.2 (MIT)
Simplejson 3.11.1 (MIT)
Pycryptodome 3.4.6 (BSD)
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No

Learning
Content
Editor

Front end

C++

Flex: BSD license, FreeType: FreeType License, Yes
LibXML2: MIT license, Lua: MIT license, LuaBind: MIT
license, Zlib: Zlib license, Minizip: Zlib license, Qt5:
LGPL: 7-Zip: dll->(GNU LGPL + unRAR restriction) +
others->GNU LGPL, Boost: Boost license, pthread:
LGPL, QJSon: LGPL, QREncode: LGPL 2.1

ATOS

AngularJS

Angular 1.3.0 (MIT)

Yes

angular-sanitize 1.6.2 (MIT)
angular-route 1.2.27 (MIT)
angular-resource 1.2.27 (MIT)
angular-dialog-service 5.2.6 (MIT)
bootstrap 3.3.1 (MIT)
angular-bootstrap 0.12.0 (MIT)
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ngprogress 1.0.7 (MIT)
isteven-angular-multiselect 4.0.0 (MIT)
angularjs-slider 2.4.0 (MIT)
checklist-model 0.2.4 (MIT)
ngstorage 0.3.11 (MIT)
angular-scroll 1.0.0 (MIT)
angular-bootstrap-toggle-switch 0.5.6 (MIT)
angular-chart.js 1.0.3 (MIT)
angular-timeline 1.7.0 (MIT)
angular-translate 2.1.0 (MIT)
angular-translate-loader-static-files 2.1.0 (MIT)
angular-translate-loader-partial 2.1.0 (MIT)
angular-utils-pagination 0.11.1 (MIT)
ng-password-meter (MIT)
angular-multi-select-tree (MIT)
json-formatter 0.6.0(MIT)
angular-translate-handler-log 2.1.0 (MIT)
angular.treeview (MIT)
Contract No.: 687772
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highcharts-ng 0.0.11 (MIT)
angular-bootstrap 0.12.0 (MIT)
angular 1.3.0 (MIT)
angular-translate 2.3.0 (MIT)
node-static (MIT)
http-proxy (MIT)
nconf (MIT)
karma (MIT)
bower (MIT)
protractor (MIT)
phantomjs (BSD 3-clause "New" or "Revised" License)
mime (Apache 2 License)
Learning
Games
Programmi
ng
(Magellan)

Contract No.: 687772

DXT

C++

Flex:
BSD
license,
FreeType:
FreeType Yes
License,FreeImage:FreeImage
Public
License,
OpenEXR: OpenEXR License, LibTiff:BSD License,
LibXML2: MIT license, Lua: MIT license, LuaBind: MIT
license, Zlib: Zlib license, Minizip: Zlib license, Qt5:
LGPL: 7-Zip: dll->(GNU LGPL + unRAR restriction) +
others->GNU LGPL, Boost: Boost license, libjpegturbo:Free license,SpeedTree:SpeedTree License,
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ColladaDOM: SCEA Shared Source License,
FFmpeg:LGPL,
Giflib:Giflib
License,
pthread:LGPL,TriStripper:Free License, VRPN:Boost
Software License1.0, GLU ES Free License, Assimp:
BSD License, Xerces: Apache License 2.0, OpenAL:
OpenAL License, libsndfile:LGPL,PhysX: PhysX License,
SDL:zlib
license,
cURL:
MIT,Expat:MIT,
Framewave:Apache License 2.0, GDAL:MIT, LibKML:
Free License, OGDI: OGDI License, OpenJPEG:BSD
License, PostgreSQL: PostgreSQL License, PROJ: MIT,
SQLlite: Public Domain, uriparser: BSD License
MaTHiSiS main web Browse
frontend

ATOS/D
XT

AngularJS

Learning
Experience
Supervisor

DXT,
ATOS

AngularJS

User
/
Role,
Learning
Profile
Repository

ATOS,
OTE

AngularJS

Platform
Configurati

DXT,
ATOS

Contract No.: 687772

Angular 1.3.0 (MIT)

No

angular-sanitize 1.6.2 (MIT)
angular-route 1.2.27 (MIT)

No

angular-resource 1.2.27 (MIT)
angular-dialog-service 5.2.6 (MIT)
bootstrap 3.3.1 (MIT)

No

angular-bootstrap 0.12.0 (MIT)
ngprogress 1.0.7 (MIT)
AngularJS

isteven-angular-multiselect 4.0.0 (MIT)
angularjs-slider 2.4.0 (MIT)
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No

on
Downloads

checklist-model 0.2.4 (MIT)
ATOS

AngularJS

ngstorage 0.3.11 (MIT)

No

angular-scroll 1.0.0 (MIT)
angular-bootstrap-toggle-switch 0.5.6 (MIT)
angular-chart.js 1.0.3 (MIT)
angular-timeline 1.7.0 (MIT)
angular-translate 2.1.0 (MIT)
angular-translate-loader-static-files 2.1.0 (MIT)
angular-translate-loader-partial 2.1.0 (MIT)
angular-utils-pagination 0.11.1 (MIT)
ng-password-meter (MIT)
angular-multi-select-tree (MIT)
json-formatter 0.6.0(MIT)
angular-translate-handler-log 2.1.0 (MIT)
angular.treeview (MIT)
angular-bootstrap 0.12.0 (MIT)
angular 1.3.0 (MIT)
angular-translate 2.3.0 (MIT)
Contract No.: 687772
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node-static (MIT)
http-proxy (MIT)
nconf (MIT)
karma (MIT)
bower (MIT)
protractor (MIT)
phantomjs (BSD 3-clause "New" or "Revised" License)

User
Authentication/Vali
dator
Sensorial
Component (SC)

OTE

PHP/Python

PHP: PHP License v3.01

No

Python: PSFL
OAuth2 (PHP & python): MIT
SC

CERTH

C#

Kinect SDK: Microsoft Kinect for Windows SDK 2.0 Yes
End User License Agreement;
Visual C++ Build tools : Microsoft go-live license
Aldebaran licences for NAOqi (only for using the NAO
discovery functionality – not needed for nonautomatic NAO PA selection)

SC

Facial analysis

Contract No.: 687772

CERTH

C++

Caffe framework: BSD 2-Clause license; OpenCV: 3- Yes
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clause BSD License
Gaze estimation

CERTH

C++,
Python

Caffe framework: BSD 2-Clause license; OpenCV: 3- Yes
clause BSD License;
Keras framework: MIT License;
LibSVM: 3-clause BSD License;

Skeleton motion analysis

CERTH

C++

Kinect SDK: Microsoft Kinect for Windows SDK 2.0 Yes
End User License Agreement;
OpenCV: 3-clause BSD License;
Armadillo library: Apache license 2.0

Mobile-based inertia

UM

Java/swift
(mobile
device)
Python
(cloud)

Experiencing Service

MIT (mobile device)

Yes

Python (PSF), numpy (BSD) and libraries for signal
processing (TBD, work in progress) (cloud)

Emotion Recognition

NCSR

C++/Python

Caffe: BSD 2-Clause license, PyDub MIT License, Scipy Yes
BSD License, Numpy BSD License

Audio Feature Extraction

NCSR

Python

PyDub MIT License, Scipy BSD License, Numpy BSD Yes
License

CERTH

Python

Autobahn websocket library: MIT license

Server
Contract No.: 687772
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Yes

Desktop
Clients

Mobile
Clients

Learning
Material
(LM)
launchers

Platform Agent

PA Client (Windows/Linux)

CERTH

Python

Autobahn websocket library: MIT license
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Yes

PyQt4: GPL v3

SC Client (Windows desktop/ CERTH
laptop)

Python

Autobahn websocket library: MIT license

Yes

PA Client (Android)

OTEA

Java

Java : Public domain software

No

SC Client (Android)

OTEA

Java

Swift : Apache License 2

No

Web-based

ATOS

Python

---

No

Native mobile

OTEA

Swift/Java

Swift : Apache License 2

No

PyQt4: GPL v3

Java: Public domain software
NAO

CERTH

Python

Turtlebot

UM

Python

UM

Python/ROS

TurtleBot

Aldebaran licences for NAOqi API

No
Python (PSF)

N/A

Open-CV (BSD)
QR code reader (GNU GPL)
Contract No.: 687772
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Can be
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CERTH

Choregraph Aldebaran licences for NAOqi API, Choregraphe
e, Python,
C++
SDK,
Simulator

IWB

ATOS

Python/Java GNU General Public License v 3.0 Flask: BSD license, N/A
Spring Framework: Apache License v2.0

Smart
phone
Tablet

OTEA

Java/Swift

Java: Public-domain software Swift: Apache License N/A
2The

All

MongoDB

Apache License v2.0

No

ATOS

Javacript

Phaser (MIT Licence)

Yes

&

Web based LM Antonyms
LMs
LM Complete the sentence

Materials

SW libraries
used and
licenses

NAO

Database

Learning
(LMs)

Technologies
used

Ownership

Subcomponent

Component

D1.2 – MaTHiSiS Exploitation Plan M24

LM
Continue
conversation

YouTube iFrame API (Apache 2.0 License)

the

LM Find the common letter
LM Find the question to the
answer
LM Guess the emotion
LM Guess the emotion sound

Contract No.: 687772

Page 74 of 113

N/A

LM Guess the picture
LM How many dots
LM Left and right
LM Left and right with arrow
LM Locate the Rix wiki icon
LM Locate the image
LM Locate the room
LM Maze
LM
Ordering
numbers

random

LM Pairs
LM Put it in the correct place
LM Puzzle
LM Reorder the sentence
LM Sequences
LM Simon
LM Sort by color
LM Sort by size
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LM Syllables
LM Synonyms
LM What they have in
common
LM which one is the biggest
number
Webbased LMs

Collaborative LM- sort the OTEA
numbers

jQuery -

MIT License

No

Aldebaran licences for NAOqi API, Choregraphe

Yes

Bootstrap
Autobahn

NAO LMs

lm_dots
lm_dotsadvanced
lm_emotionalnarrative

CERTH

Python,
Choregraph
e

lm_rightorlefthand
lm_rightorleftdirection
lm_turnleftorright
lm_room2card
lm_findlocation
lm_piles

Contract No.: 687772
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lm_sortnumbercards
lm_sortingcards
lm_sortwordcards
lm_objet2card.1
lm_objet2card.2
lm_fishorpairs
lm_action2card
lm_fishorpairsaction
lm_word2card
lm_fishorpairsdescriptor
lm_repeatword
lm_emotion2card
lm_sortnumbers
lm_comparenumbers
lm_sound2emotion
lm_synonyms
lm_antonyms
lm_semantics
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Page 77 of 113

Can be
exploited
i di id ll

SW libraries
used and
licenses

Technologies
used

Ownership

Subcomponent

Component

D1.2 – MaTHiSiS Exploitation Plan M24

Can be
exploited
i di id ll

SW libraries
used and
licenses

Technologies
used

Ownership

Subcomponent

Component

D1.2 – MaTHiSiS Exploitation Plan M24

lm_synonymsadvanced
lm_antonymsadvanced
lm_semanticsadvanced
lm_sortnumbersadvanced
lm_comparenumbersadvanc
ed
lm_completethesentence
lm_object2picwrd
lm_spelling
lm_cardandverbal
lm_touchsensors
lm_gestures
lm_wordsequence2cards
lm_cards2emotions
Turtlebot
LMs
LMs

Literacy_words_sentences

UM

Python/ROS

Python (PSF)

Yes

Math_make_connections

Open-CV (BSD)

Language_visualise_content

QR code reader (GNU GPL)

Language_make_connections
Contract No.: 687772
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Feeling_recognise_emotion
Feeling_emotion_awareness
Math_biggest_smallest
Math_order_number
Native LMs

Games

NG

C++/Java/O
bjective-C

cocos2d-x: MIT Licens

Yes

Table 8 MaTHiSiS Components
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4.2 IPR and licensing

To govern the redistribution and use of MaTHiSiS tools and components a software license has to be
carefully considered. Software license is a legal instrument that is designed to give the developers
the possibility of granting permissions to the third parties to use their software in case some
exclusivity or copyrights of the owner are implied. Software licenses include a number of provisions
that set liabilities and responsibilities that partners entering into a licensing agreement shall abide to.
These can include limitations of liability, warranties and indemnity in case if piece of software
infringes the IPR of others.
Licensing considerations and future decisions made for the whole platform or separate tools have
major implications for the MATHISIS business model.
While distributing MaTHiSiS tools, the end user would require a certain permission from the initial
developer to use it. Choosing a suitable license will allow the owner of it to grant the rights to use,
reproduce and redistribute as we as create derivative works at the same time retaining all IPR.

4.2.1 Types of software licenses
While reviewing software licenses, MaTHiSiS partners need to consider (both on the consortium level
and individually) the terms under which third parties will be able to copy, modify or distribute their
software. Thus, all the licenses can be grouped as:
•
•

Proprietary licences
Free and open source.

There are a number of considerations that have to be made by the party when choosing an
appropriate license. This can include decisions on the goals such as whether a partner is concerned
about a patent protection, whether future software can be used commercially, allows the
redistribution and modification, allowed for private use, require the disclosure of the source code or
license and copyright notice, state changes and liabilities, etc.

4.2.2 Free and Open Source
Free and Open Source Licenses are generally being defined in GNU Bulletin, vol 1 no.1 32 covering
four freedoms for free software as further defined by the Free Software Foundation:
1. The freedom to run the program for any purpose
2. The freedom to study how the program works and to modify it
3. The freedom to redistribute copies
4. The freedom to modify the program and release it to the public.
In practice these four points give the end users the right to redistribute, modify and sell copies of a
free software without any obligations and need to ask for permission. Nevertheless, it allows to
distribute the software for a given fee. There are also a number of license agreements which allow
not to report back or publish the changes made to the original software.

4.2.3 Copyleft open source licenses
When speaking about copyleft open source license one has to keep in mind that the one who
redistributes modified software must do so using the same license conditions that were adopted by
the original software product. That implies that under a copyleft license, next iterations of the
software will remain open source. This is also the case if a modified software is combined with other
software. Thus, copyleft licenses also hold the title of ‘viral licenses’.

32

http://www.gnu.org/bulletins/bull1.txt
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Some of the most wide spread and mostly used copyleft’ licenses are the GNU General Public License
(GNU GPL) and the GNU Lesser General Public License (GNU LGPL). The GNU GPL abides with all the
freedoms of the Free Software Foundation’s that were described earlier, whereas the GNU LGPL is
can be seen as a less restrictive license since it allows a combination with some proprietary non-free
software or modules.

4.2.4 Multi licensing
Multi-licensing envisions the release and distribution of MaTHiSiS tools or any other software under
several different licenses that respect various terms and conditions. Should software follow the multi
licensing approach the end user is able to choose the conditions and suitable terms for a desired use
of the software. The distributor in the end is also free to choose whether to distribute the software
for free or for a fee with any of the licenses. This approach is usually followed when license
compatibility issues arise and for the sake of market segregation.
In practice, multi-licensing is mostly used to benefit from open source software business models that
are later applied in a commercial environment. Thus, a MaTHiSiS partner can consider to apply a
proprietary software license therefore allowing future creation of proprietary tools and software
derived from original work, at the same time applying a copyleft free software/open-source license
which as stated earlier would require the application of the same license for any derived work. The
owner of the software/component usually provides an open source version free of charge while at
the same time offering proprietary licenses to commercial businesses which yields into profits. In this
case such model can also be compared to shareware.
In many cases the change of licensing terms is possible by the copyright holder, therefore the
approach of multi-licensing is best applied in cases when the original software is fully owned by a
licensing entity. As a matter of fact, multi-licensing schemes like proposed in this section (combining
open source and proprietary licenses) in reality follow one path only - the community contributes to
the product or a project whereas the owner of a product is not obliged to give back. Often such
multi-licensing approaches fail to attract new developers in comparison to open source project.

4.2.5 Dual licensing
It is possible to combine open source software together proprietary licenses but doing so can have
effect on proprietary software. In case of modification of the open source software that was
originally had a copyleft license with proprietary software would imply that the code will be
contaminated with copyleft license making it open source. Partners shall pay attention to a degree of
combination of two licenses keeping following aspect in mind:
•
•

•

Any modification or combination of original opensource copyleft source code with a
proprietary source code with result in open source mechanism for a combined derivative.
One of the major implication of an OSS copyleft license is that distribution of a compiled
software shall be followed by a distribution of the source code. This means that the strategy
shall be thought through carefully if the goal is to keep the software proprietary, since
disclosing a source code will have major implication on the chosen business model
Open source executables is possible to combine using a common interface with proprietary
executables applying a ‘semi-permissive’ OS license. This can be an LGPL or a permissive
license like X/MIT. This also applies to any proprietary software accessing OSS software
libraries.

For MaTHiSiS partners it can have the effect on the following:
•
•
•

The background5 brought into the project
The final licensing decision on the components that we will apply after the project end
The consecutive distribution mechanisms of MATHISIS platform
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4.3 MATHISIS licensing
4.3.1 Initial requirements
Evaluating different licensing possibilities, it I important to compare those against the requirements
MaTHiSiS project is imposing. For successful future exploitation, the following is considered:
1. Possibly open source license-type that should also be open in terms of interfacing (e.g. public
APIs)
2. Exploitation wise there should be a possibility to combine MATHISIS results/software and
components with third party software or libraries. Ideally it should not contaminate third
party software with MATHISIS own OS license
3. For the time of project execution and platform development it should be rational for partners
to contribute with existing backgrounds without it being ‘contaminated’ by the MATHISIS OS
license. Same applies to the source code which shall not be publicly obtainable when
publishing under the MATHISIS;
4. and finally, it of crucial importance is to be able to change the license type at later stages and
when the platform is ready for commercialization if required by the post-MATHISIS business
model

4.3.2 MaTHiSiS licensing options
Taking the above mentioned desired requirement the licensing options come to a several options.
Thus strict (copyleft or viral) open source licenses can be exploited since they do not comply with the
requirements of the OSS licensing goal. Therefore, one of the options are to look into permissive OS
licenses (non-copyleft or ‘viral’) which seem to meet consortium’s needs. In the following chapter we
analyse licenses that envision exclusion of source code with linkage to code licensed under another
mechanism as well as further change of license and a commercial use are allowed at later stages of
the project development.
MIT license. This particular license allows to reuse software within proprietary software given that
any derivatives and copies of the licensed software mention the MIT License terms and the copyright
clause and credit to the owner is provided. The proprietary product maintains its nature regardless of
the MIT License mechanism. There is a possibility to redistribute the source code but the user has all
the rights to distribute a newly derived software without disclosing the code. Nevertheless, the
copyright notice should be linked to the code file.
BSD 3-clause license: to some extent it suggests the same conditions as in MIT license but the BSD
license incorporates a prohibiting notice that would not allow the use of the copyright owner’s name
in promotion, and the copyright holder allows the licensor to request for a certain monetary
compensation for reuse (access to) the software.
BSD 2-clause license. Same as above but the terms and conditions for reuse of the copyright holder
in promotion are removed.
Apache license 2.0. Terms and conditions are similar to MIT license with a difference of expressing
the grant of patent rights to the end-user with a requirement to include a notice to each derived.
Further, it sets the condition that the party that has created a derivative may license it under a
different license (other than the original). Apart from that, the Apache license removes the liability of
a party for the licensed software. Applying Apache license does not allow to charge any royalties for
the initial backgrounds.
GNU LGPL. The GNU Lesser General Public License gives the developers a possibility to use software
together with their own without any requirements to further release the source code. It is envisioned
that under LGPL, software components can be modified by the end-users given that the source code
is available. In case of MIT and Apache licenses such provision is only optional.
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4.3.3 MATHISIS license consideration
The above-mentioned licenses seem to fit purposes of the MaTHiSiS components. Out of five
selected the GNU LGPL is the one that requires source code of the LGPL code demanding the use of a
shared libraries instead of ‘full code integration’ should the entity decide not to share background
code. For exploitation purposes therefore, this might not be the best suitable option.
Excluding the name of the copyright holders while promoting MaTHiSiS components can have major
implications on the impact and dissemination of the MaTHiSiS results. For this reason, BSD 3-clause
seem not to fulfil initial requirements but is not suitable from the impact point of view.
Finally, the consortium can initially shortlist the choice of potential licenses to three of the proposed
ones. MIT license and Apache license 2.0 are some of the most known and widely used open source
licenses which nevertheless have their advantages and disadvantages. MIT license is simple, puts
very view restrictions on reuse but at the same time leaves a lot of terms and conditions vague. The
Apache license 2.0 on the other hand is very accurate and explicit in its definition but is more
complex in its application leading to administrative overhead. Lastly, the BSD 2-clause license gives
the licensor a possibility to request monetary compensation for reuse. The shortlisted three licenses
allow the licensor to ask for a fee for the software and components that was developed within the
MaTHiSiS project. In addition to that, depending on the chosen business model of each partner and
the consortium as a whole it is possible to create a closed source after just a few modifications.
However, this is applicable if the following requirements for the backgrounds are met:
a. partner’s background does not include any viral licenses that can contaminate the
foreground,
b. commercial exploitation shall not be prohibited by the license
c. background components should not have any third-party software that would
prohibit commercial use
To conclude this chapter and the IPR strategy definition, we sum up the activities with a proposition
for the complete MaTHiSiS platform. Given the requirements and the above-mentioned analysis it
seems that the most suitable license is the Apache license. Although, it shall be noted, that the final
decision on granting a license will be made in the coming year when platform is fully implemented.
For the time being, Apache license seems a good fit since it protects MaTHiSiS platform from third
parties that would be willing to claim a patent. The assumption of Apache license does not envision
any royalties that can be charged to MaTHiSiS backgrounds.

4.4 MaTHiSiS Offering
This section provides a classification of the outcomes that emerge from the work performed in
MaTHiSiS at the time of writing this document.
Software Results
•
•
•
•
•
•
•
•
•
•

The MaTHiSiS Platform, consisting of the different components listed in the previous table
(all except the LMs)
The Decision Support System
The Transfer Learning Tool
The Learning Graph Engine
The Learning Content Editor
The Learning Analytics Visualization
The Learning Games programming
The Learning Games Programming
The Sensorial Component
The Experiencing Service
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•

•

Individual software components: Interaction with Platform Component Lib (IPA lib), Learning
Graph Lib (LG lib), Smart Learning Atos lib (SLA lib), Facial Analysis, Gaze Estimation, Skeleton
Motion Analysis, Mobile-based inertia analysis, Emotion Recognition from Speech, Audio
Feature Extraction
The LMs (web based, NAO behaviours, Turtlebot, Native Android)

The following table provides a summary for each of the results identified above, more specifically:
• Who has the ownership
• The minimum licence (preliminary licence) of the code based on the licences being utilised
within the code (Table 7) and on the analysis provided in section 5.2.
MaTHiSiS
Offering

Description

MaTHiSiS
Platform

Platform
that
provides
a MaTHiSiS consortium
personalized learning experience
based on the affect state and
intellectual level of the learner
perceived by the system

Apache (TBC): The
final licence will be
confirmed in 2018
when the final
version of the
platform is ready

Decision
Support
System

Responsible
for
the UM
personalization/adaptation
mechanisms based on affective
state, learner’s profile and
performance

Proprietary

Transfer
Learning Tool

Mechanism to facilitate the UM, CERTH
addition of new PAs or SC
modalities

GPL

Ownership

Licenses

Responsible for adaptation of the CERTH
Learning
Graph Engine Learning Graph based on learner’s
behaviour and interaction
(LGE)

GPL-3

Interaction
with Platform
Component
Lib (IPA lib)

Proprietary

Tools
to
analyse
features UM
associated to affective and/or
cognitive learner responses while
interacting with Platform Agents
and Learning Materials and preanalyse interaction parameters to
detect key moments which will
lead to the trigger of the
adaptation mechanism.

Learning
Tools to create, access, manage CERTH
Graph Lib (LG and update the learning content
lib)

LGPL-3.0

Smart
Learning
Atoms lib (SLA
lib),

LGPL-3.0
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MaTHiSiS
Offering

Description

Ownership

Licenses

primordial, atomic pieces of
knowledge/skills/competences to
be learnt by the learners and can
pertain to one or several learning
scenarios.
Learning
Content
Editor

Responsible for the creation of DXT
learning contents according to
MaTHiSiS main concepts: Learning
Graphs, SLAs, Learning Goals and
Learning Actions with their
materializations

GPL

Learning
Analytics
Visualization

Monitors the progress of a ATOS
Learning Experience according to
the user specific needs.

GPL-3

Learning
Games
Programming
Tool

Toolset for authoring rich and DXT
interactive Learning Materials in
form of learning games,

Proprietary

Sensorial
Component

Component that gathers (physical) CERTH
behavioural cues of the learner
and interprets them into affective
states, with the use of machine
learning, in order understand
each
learner’s
uptake
of
knowledge during the learning
process. Different modalities
extract and represent affectrelated features stemming from
the learners’ face, gaze, body
postures, speech and inertiasensor captured interaction with
mobile Platform Agents of
behavioural expression.

GPL-3

Facial Analysis

Sensorial component modality for CERTH
the analysis of the affect state of
the learner based on the face
information.

GPL-3

Gaze
Estimation

Sensorial component modality for CERTH
the analysis of the affect state of
the learner based on the eye gaze
information.

GPL-3

Skeleton
Motion
Analysis

Sensorial component modality for CERTH
the analysis of the affect state of
the learner based on the body

GPL-3
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MaTHiSiS
Offering

Description

Ownership

Licenses

postures.
Mobile-based
inertia

Sensorial component modality for UM
the analysis of the affect state of
the learner based on the
interaction of the learner with the
platform using a mobile device.

Proprietary

Emotion
Recognition
from Speech

Sensorial component modality for NCSR
the analysis of the affect state of
the learner based on the speech
recognition.

BSD Licence

Audio Feature Sensorial component modality for NCSR
Extraction
the analysis of the affect state of
the learner based on the audio
feature extraction.

BSD Licence

Experiencing
Service

Responsible for the actuation of CERTH+OTEA+UM+ATOS MIT Licence
the Learning Experience in
different Platform Agents (PAs)
and the overall communication of
the clients of the MaTHiSiS
ecosystem with the MaTHiSiS
cloud.

Web-based
LMs

Educational material for the ATOS
materialisation of learning actions
in mobile devices, desktops and
interactive whiteboards

MIT Licence

Web-based
Educational material for the OTE
LMs
materialisation of learning actions
(collaborative) in mobile devices, desktops and
interactive whiteboards

MIT Licence

NAO LMs

Educational material for the CERTH
materialisation of learning actions
through NAOs

MIT Licence

TurtleBot LMs

Educational material for the UM
materialisation of learning action
(LAM) through TurtleBots

Proprietary

Native LMs

Educational material for the NG
materialisation of learning actions
in mobile devices

MIT Licence

Table 9 MaTHiSiS Key Exploitable Results

Other exploitable results (non-software) are listed below:
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Exploitable
Results
Learning
Actions
Ontology 33

Description
Ownership
CERTH

Licenses
after
the
project
ends

Ontology
with Creative Commons
categories
and Attribution license
rules
around ShareAlike
4.0
Learning
Actions License
and
Learning
Materials.
Table 10 MaTHiSiS Non-Software Exploitable results

As it is reflected in this document, and taking into account the licence assigned to each component, if
MATHiSiS is sold as a whole package, the final licence will probably be Apache (see Section 3.3.3
MaTHiSiS licence considerations). The identification of the outcomes of the project, along with the
agreements reached with respect to IPRs are meant to provide a comprehensive framework for the
design of the exploitation agreements covered in the following sections.
Further services that can be provided by MaTHiSiS:
1) Training Service
Instructor-led training sessions / seminars on the MaTHiSiS platform usage are expected to be a
source of revenue. Based on the experience gained in the project and on the users’ manual,
MaTHiSiS partners will offer instructor-led training courses as well as face-to-face training sessions of
one day or more. This training will help interested staff to learn about the MaTHiSiS platform quickly
and easily.
2) Consultancy Service
Technical Consultancy from technical partners provides support to organisations willing to adopt the
MaTHiSiS platform or integrate related services. Consultancy services shall cover technology
diagnosis, feasibility studies, guidance regarding the selection of components, installation and
management support, ad-hoc adaptations of the components to particular environments.

33

LAO is not exactly a technology, but rather representation of knowledge pertinent to the domain is question.
As such, “Technologies used” and “SW/libraries used” are not applicable, but rather specific standards were
followed, to be reported in the relevant document
Contract No.: 687772

Page 87 of 113

D1.2 – MaTHiSiS Exploitation Plan M24

5. Joint exploitation
For the sake of commercial exploitation of the platform and individual components, MaTHiSiS
partners need to agree on a number of the terms and conditions. Some ground rules and agreements
were set by the initial Consortium agreement defining the access rights and terms of exploitation
with respect to the backgrounds. Nevertheless, taking one step further, MaTHiSiS consortium
defined an Exploitation agreement that would open up the doors for potential commercial
exploitation of the results of the MaTHiSiS project.

5.1 Exploitation Agreement
The Term Sheet below has been already drafted to clearly state what will be included in the final EA.
Section

Articles

1. Definitions
2. Scope
3. Duration
4. Results of the project
5. Commercial Setting for the Use of
Assets owned by the other Parties

5.1 Definition of Asset Business Model and
Price List
5.2 Roles and responsibilities
5.3 Revenue sharing framework
6.1 Limitations of Contractual Liability
6.2 Liability vis-à-vis Third Parties
6.3 Force Majeure

6. Liability

7. Confidentiality
8.1 Expiration
8.2 Early termination
8.3 Survival of Rights and Obligations

8. Termination

9. General Clauses

9.1 No Representation, Partnership
Agency
9.2 Notices and Other Communication
9.3 Assignments and Amendments
9.4 Mandatory National Law
9.5 Language
9.6 Applicable Law
9.7 Settlement of Disputes

or

Annex I: Assets
Table 11 Content of the MaTHiSiS Exploitation Agreement

Since it is a lengthy process involving legal departments of each partner, some of the terms of the
future exploitation can be presented covering the general idea.
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5.1.1 Definitions
First of all, the following terms of the agreements are defined:
Assets means any project result designated as such by the project partners, such as Methods,
Processes, Algorithms, Reference Architectures, Software Platforms and Components as well as their
instantiations into a number of Industrial Trials experimentations.
Product means any product or service which could be commercialized on the basis of the Assets.
Lead is the potential final customer contact information and in some cases, more detailed
information of a potential customer (e.g. budget).
Commercial Business Opportunities or shortly Business Opportunity (BO) means that one of the
Parties has the opportunity to sell Assets or Product to a final customer on the market, which is not
any of the Party that signed this agreement.
Internal Use Opportunity means that one of the Parties (or an entity that belongs to the same Group
of the Party) is the final customer for the Assets or Products or intends to apply Assets or Products
for its own activities.
Lead generator means the Party that has initial contacts with a potential customer and that answers
initial enquiry into Assets or Products defined in this agreement.
Business Opportunity Proposing Party or shortly Proposing Party means the Party that carries out
activities related to the preparation of Commercial Business Offering based on Assets, including the
preparation of business opportunity dossier.
Contractor is the Party that actually signs contract with the final customer and takes the
responsibility of revenue sharing as agreed in this agreement.
Intellectual Property Owner (IP Owner) is the Party that owns IP over an Asset as listed in the Annex
1 of this Agreement
Service Provider is the Party or an external organization that provides specific services (e.g. training,
consulting, integration, deployment, maintenance) related to the Assets and described in Business
Opportunity Dossier.
Business Opportunity Dossier is a document prepared by the Proposing Party describing as many
details as possible related to the specific Business Opportunity, including proposed offering with
related Assets and Services, draft financial conditions, list of Concerned Parties and any other that
Proposing Party considers important to realize the opportunity.
Concerned Parties are all Parties that have been identified by the Proposing Party in the Business
Opportunity Dossier as IP Owners or Service Providers.
Implementation Arrangements are any further agreements, contracts or similar that are used after
the preparation of the Final Business Opportunity Dossier in order to realize this opportunity

5.1.2 Roles and responsibilities
Party that identifies possible Lead (see definitions in the section 5.1.1) is called Lead Generator while
the party that starts Business Opportunity and intends to exploit Product or Assets jointly under this
Agreement will be called the “Proposing Party”.
Nothing in this Agreement limits the Party to exploit independently and out of this Agreement any of
its own Intellectual property Rights related to the Assets or to exploit independently and out of this
Agreement other solutions/products present in the market and in competition with Assets.
•

the Proposing Party shall identify Assets relevant to Business Opportunity (BO) and will
inform Asset IP owners, together with a detailed dossier including an estimation of BO Value,
with financial projections and assumptions (which for the avoidance of doubt shall be based
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•

•

on orientative price list proposed by the Parties in the Annex of this Agreement), together
with a description of the activities in which the involvement of the other Parties could be
necessary (such as professional services or similar activities with financial conditions at which
such involvement is expected by the Proposing Party). The “BO Dossier” should therefore
also identify list of services related to Business Opportunity and Assets (such as installation,
deployment, configuration, consulting, training, maintenance, support etc). If IP owners
listed their orientative price for specific expert or technical services such as training,
deployment, maintenance etc (price in euros per man day) they can also have the role of
Service Provider and can be included by the Proposing Party in BO Dossier. Separated
Implementation arrangements can be negotiated between the Proposing Party and Service
Providers, including the amount of service fee, independently from IP ownership or licencing
fee.
In case one or several Parties shall be involved in a Business Opportunity, they shall, together
with the Proposing Party (and any third party, if need be), enter into Implementation
arrangements to implement the concerned Business Opportunity. These Implementation
arrangements might include purchase orders, contracts or special agreements between
Concerned parties. For the reason of transparency these arrangements should be available
on request to the Concerned parties.
The BO Value is the sum of affected Assets prices and sum of prices of all additional
professional services or external products included in the BO, (to be negotiated directly with
the Concerned Parties based on orientative price list), but it refers to the value before taxes.

Any Business Opportunity shall be presented by the Proposing Party to Concerned Parties and should
be reviewed and discussed among them.
Before the realization of the Business Opportunity agreement, the Concerned Parties:
•
•

can, if the Proposing Party agrees to, modify the conditions of the BO Dossier (the “Modified
BO Dossier”);
shall benefit from a right of refusal to participate to the Business Opportunity at the
conditions presented in the BO Dossier or as agreed in the Modified BO Dossier, as the case
may be, only during the first presentation of the BO (hereinafter referred as First Refusal).

In the case Concerned Parties accept the business conditions defined in the BO dossier, then the
proposing party will release a Final Approved BO Dossier.
Nothing in this Agreement shall be understood as an obligation of the Parties to participate in any
Business Opportunity or to somehow contribute in it, except expressly agreed under any written
Agreement.
Each Party obligates itself vis-à-vis each and every other Party to use reasonable endeavours to
perform and fulfil, promptly, actively and on time, all of its obligations under this Agreement.
Each Party hereby undertakes to use reasonable endeavours to supply promptly to the parties
involved in BO all such information or documents as the party may need to carry out its
responsibilities.
Each Party shall ensure the accuracy of any information or materials it supplies for the purpose of
commercial activities and promptly to correct any error therein of which it is notified. The recipient
Party shall be entirely responsible for the use that such information and materials are given.
In addition, any Party hereby agrees to make available (under the conditions defined in the
Implementing Arrangements) any of its assets (including, but not limited to, any right it may have on
Background or the results) which is needed for use for the purpose of carrying out a Business
Opportunity with other Parties.
The Parties undertake to respect and implement any standard of use of the Assets, in particular in the
marketing of the Products.
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Each Party has the right to carry out all the Business Opportunities in any part of the world, but in any
event within, if any, the geographical scope agreed in the corresponding Implementation
Arrangements.
Each Party can delegate or sub-contract to other persons the performance of a Business Opportunity,
as further specified in the Implementation Arrangements.

5.1.3 Revenue sharing framework
The revenue distribution scheme to be determined for each Business Opportunity shall recognise for
each Concerned Party:
(i) sales efforts, and therefore the related commission for such investments;
(ii) the value of the IPRs made available by a Concerned
opportunity;

Party for the concerned business

(iii) the service provision costs / investments:
It is specified that the values assigned to these items with respect to one Party in the Implementation
Arrangements (e.g. contracts or specific agreements) regarding one Business Opportunity, shall also,
unless otherwise agreed by the Concerned Parties, be applicable for any further Business
Opportunity for which such Party participates.
Unless otherwise negotiated and agreed in the Implementation Arrangements,
(i) Only in the case of a Commercial Business Opportunity and if the Lead Generator is different
from Business Opportunity Proposing Party, a percentage of five (5%) of the total value of the
Revenue (Revenue is the income received by the Parties for the BO, after the deduction of the
costs incurred by the Parties in the implementation of the BO and it refers to value before the
taxes,) will be paid to the Lead Generator.
(ii) Only in the case of a Commercial Business Opportunity a percentage of ten (10%) of the total
value of the Revenue ( Revenue is the income received by the Parties for the BO, after the
deduction of the costs incurred by the Parties in the implementation of the BO and it refers
value before the taxes,) will be paid to the Party(ies) who has(ve) generated the Business
Opportunity (the proposing party), and
(iii) the remaining Revenue generated by the same Business Opportunity will be distributed among
the Parties that participate in the Business Opportunity (Asset IP owners and Service Providers)
depending on the selected business model and according to the list of Assets and Services
outlined in the Final Approved BO dossier. This distribution will be negotiated for each Business
Opportunity in the Implementation Arrangements and might refer to fixed amounts (e.g. licence
fee, expert man day fee) and variable amounts (e.g. pay per use) in relation to the value initially
reported by BO dossier.
(iv) In case of an Internal Use Opportunity, any percentage will be recognized to proposing
Party(ies) who has(ve) generated the Business Opportunity, having already taken advantage of
the Partner Discount Percentage.
If, during the exploitation period of a specific Business Opportunity, there is a change in the
operation or exploitation which causes a participating Party to receive a level of income which is no
longer in line with the income taken into account in the Implementation Arrangements, all
Concerned Parties shall agree in good faith to any modification or adaptation necessary to allow the
concerned Party to continue participating in the Business Opportunity on the same basis as originally
contemplated in the initial Implementation Arrangements, except as otherwise agreed as between
the Concerned Parties.
With respect of the foregrounds and dependences, partners have already identified their IP and
licenses they use. It is important to note though, that educational partners and partners who do not
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in particular provide technology or a tangible outcome are also entitles to a return on investment
given their contribution of the domain knowledge, process definition, evaluation which are of crucial
importance for future commercialization.
For this reason, the consortium proposes and investigates the possibility of applying a legal
instrument that would provide an exploitation possibility to all the parties. This can be envisioned
with a not-for-profit organization that would be led by MaTHiSiS partners and possibly other
stakeholders. The organizations primary goal would lie in ed-Tech industry development,
consolidation of the market and a link between industry, academic and policy makers. For this
reason, a international not-for-profit Foundation in addition to the exploitation agreement is
proposed. As a non-profit organisation a certain amount of surplus revenues generated by the
actioned described in the exploitation agreement, would be invested towards the goals of the
foundation reaching the consolidation of the market.
The main roles of such foundation would lie in the promotion and supervision of relevant
stakeholders as well to advocate the transition into the legacy systems. Further it would provide an
expert advice on the peculiarities of the educational market and strategy and implementation advice
to the contractor (as defined in the exploitation agreement).
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6. Individual tools analysis and exploitation
6.1 Market analyses for Creation Tools
A lot of big vendors on the market striving to offer products that are able to generate content in a
short period of time at a low cost. The demand for different sorts of authoring tools is generated
mainly by content development companies who are contracted to provide services to the
educational institutions. In addition to that, higher interest from the end-users is also coming into
play where specific customer segments would prefer to create tailored educational material
depending on the specific needs at a point of time.
In this analysis we combine two of MaTHiSiS technologies, namely Educational Material Creation Tool
and Learning Games Programming Tool since the objective of them is the same – software
components that help to create certain final application using hypertext or multimedia by linking
together several objects in a sequence. The value of MaTHiSiS educational Material Creation Tool lies
in the ability to accommodate individualization and differences among learners though the creation
of Learning Graphs and Smart Learning Atoms and Learning Actions which are capable to design
multiple learning paths accounting for individual’s knowledge and skill sets. In fact, the concept of
learning paths is more and more adopted in industrial training, thus, for example Microsoft Dynamics
CRM 34 offers a contextually-rich training that is tailored to different roles in the organization. This is
an example of creating custom learning paths within the organization that is tailored to the
environment, specific application, usage and common workflow of the entity.
The market of standalone tools for Learning Graphs and Smart Learning Atoms creation is rather
limited or mostly offers simple sequencing of the course. The highest demand on such tools is driven
by industrial training companies. As they seek for possibilities to deliver tailored training, the need
for authoring tools will only continue to grow. The report of Docebo with reference to Research and
Markets 35 indicates that global content authoring tools markets is expected to grow at a CAGR of
7.72% over the 2016-2020 period.
Creation of individual learning paths are of high relevance to mainstream and special education. The
most well-known and used on the market are Lectora, Captivate, Articulate. The list may go on with a
vast number of other tools that fall in the same domain but do not differ much in their functionality:
Claro, Advanced e-Learning Builder, ContentGenerator.net, Easygenerator, Elicitus, eXe, any-survey
and many more. There are no widely used commercial tools for creation of Learning Graphs and SLAs
apart from those analysed in D1.1 [3] which are the research projects or products in development.
Mentioning the Learning Games Programming Tool that MaTHiSiS is offering, such product can be
compared to gamified authoring tools that are present at the market nowadays. The variety of such
tools is rather vast and differentiates depending on the needs and purpose of their use. Initial
competitors were analysed in D1.1 whereas we can also mention dedicated tools like GameSalad 36 or
Jumala (apparently not available any more) that allow the users to build their own learning games.
The learning games programming tools are gaining its momentum in different market segments
whether it is industrial training, mainstream education or vocational training. It is all about
engagement of the user and how to retain the user within the course. Nevertheless, such solution
shall be highly customizable to be able to provide learning materials relevant to their job, activity,
learning course and environment. A balance between appropriate learning material and game based
simulation must be found and defined in close collaboration with the end-user. That is where

34

https://dynamics.microsoft.com/
https://www.docebo.com/2016/12/21/elearning-content-trends-you-need-to-know-about/
36
https://gamesalad.com/
35
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Learning Games Programming tools come into play combining games, gamification principles and
educational content. MaTHiSiS tool specifically is best suited into three segments:
•
•
•

Tool offering for e-Learning developers and instructional designers
Offering for the masses/public
Combination of both.

6.2 Market analyses for Affect Recognition Tools
In the past years, the market has witnessed a trend in the development shifting away from
traditional HCI to a more sophisticated and user centred design benefiting from face tracking,
skeleton analysis, hand gestures, voice recognition and voice commands. Until now, however, limited
considerations have been made with respect to emotional state of the user, which is crucial
component of human-human communication. Neglecting this particular information means that
many interaction information is filtered out that would drastically increase the understanding of the
human interaction processes. At the same time quite often, such interactions are perceived as cold
and impersonal.
MaTHiSiS proposition offers two distinctive software solutions: Affect recognition using face tracking,
gaze estimation and skeleton analysis as well as Affect recognition software from audio data. Due to
an increasing adoption of wearable technologies the demand towards the emotion detection and
recognition market is rising as well. ReportBuyer 37 predicts the market of emotion recognition will
grow from USD 6.72 billion in 2016 to 36.07 billion by 2021 with CAGR of 39,9%. It is reported that
the market is driven by an increased demand towards affective computing, cognitive services and
business intelligence. The areas of applicability are rather vast. From the common HCI scenarios,
systems can be applied to the markets dealing with customer services, e-Learning, healthcare, law
enforcement, call centres, surveillance, intelligent autonomous vehicles and the entertainment
industry. One of the most crucial areas of application of automated affect recognition solutions are
represented by an affect-related research in behavioural science and neuroscience. Here it is
envisioned that such systems are key component that will help to improve the reliability of
measurements while running subjective human trials. This will also reduce the time for the post
processing and analyses of human affective behaviour data that is applied in the current practice.
Looking at the competitive space, there are a number of research has been done for affective state
recognition. Thus, Mello et al. [34] offers and affect-sensitive Intelligent Tutoring System –
AutoTutor. The core functionality is represented by the detection of the such emotions as boredom,
confusion, frustration and engagement through conversational cues, facial expressions of the learner
and his body language. It then sends a feedback with a help of animated facial expressions and
modulated speech:

37

https://www.reportbuyer.com/product/4458257/emotion-detection-and-recognition-market-by-technologysoftware-tool-service-application-area-end-user-and-region-global-forecast-to-2021.html
Contract No.: 687772

Page 94 of 113

D1.2 – MaTHiSiS Exploitation Plan M24

Figure 21. AutoTutor affect recognition

The development of a spoken dialogue system that responses dynamically based on the learner
affective state was further proposed by Riley and Litman [35]. The use of similar sensorial affect
recognition components was proposed by Hoque et.al [36] that was aimed to improve social skills of
the learner during the job interview and was aimed towards vocational training and career guidance.
Core functionalities included tracking of facial expressions, voice patterns, speech and prosody and
response with respect to verbal and nonverbal behaviour in real time.
Commercially affect recognition components are mainly offered in form of libraries for developers
served to detect and recognize emotional state of the user from images, video and sound. Some of
the well-known libraries are:
•

•

Affectiva 38 – emotion recognition and measurement software aimed to recognize the
emotions based on facial cues and physiological responses that is mainly used by advertising
markets. This is a parallel market that MaTHiSiS technology has a possibility to explore in the
future. Affectiva measures 7 basic emotions (joy, anger, surprise, fear, contempt, sadness
and disgust), Valence (positive, negative and neutral sentiments) and Engagement level.
Microsoft offers the Emotion API 39 that is able to take facial expression in an image as an
input and provide a confidence across a set of emotions for each of the faces detected in a
frame. Main feature includes the detection of anger, contempt, disgust, fear, happiness,
neutral, sadness, and surprise. Overall, Microsoft Azure services have a strong proposition in
image-processing algorithms, intelligent recommendation and semantic search, natural
language processing.

Looking at the biggest markets of emotion detection and recognition it is projected that by the end of
2021 North America will represent the largest share with Europe being the second biggest market:

38
39

https://www.affectiva.com/
https://azure.microsoft.com/en-us/services/cognitive-services/emotion/
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Figure 22 Projections of affect recognition market by region

The major aspect that hinders a much faster and wider adoption is the lack of awareness and
expertise to operate such systems. It is assumed that organizations are still seeking an optimal use
for emotion recognition software. The market is represented also by some technology leaders like
Emotient, an Apple company (U.S.), Noldus (Netherlands), Kairos Ar. Inc. (U.S.), and RealEyes (U.K.)
that bring the innovation to the market through new product proposition, partnerships, acquisition
and expansions. In their interest is to expand companies’ presence on the global market giving the
MaTHiSiS consortium or individual partners a possibility for partnerships with some big players or to
adopt the exit strategy (e.g. selling the innovation to a market leader).
Allied market research report [37] has reviewed the potential of facial recognition market and its
barriers. In particular, increasing sensitivity toward personal data of the user, high implementation
costs and potential lack of accuracy hinder the expansion in many regions.
Further, the report has analysed certain change in factors that were impacting the market of facial
recognition back in 2015 together with predictions of the main driving factors in the future:
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Figure 23 Top factors impacting world facial recognition market

6.3 Market analyses for Learning Analytics and Visualization tool
According to RRmarket research [38] it is predicted that the global learning analytics market is going
to grow at a CAGR of 25.45% generating 2,144 million until 2019. It is gaining more and more
popularity but several concerns are raised with respect to security, privacy and ethical issues.

Learning analytics bring additional value to the learning experience but to gain the most of it, it
requires certain level of understanding. It is crucial to provide proper training to the end user or
anyone who wants to make use of reporting and visualisation capabilities. It is often the case that
educational institutions and organizations use the services of rather costly LMS systems with
sophisticated functionalities but fail to use them in a most efficient and effective way to benefit from
the data such tools are providing. The data input requirements and parameters have to be clearly
communicated to the stakeholders to avoid skewed data.
Major benefits of such tools are to provide the stakeholders with valuable and at the same time
easily perceivable information on impact of the curriculum or a learning action. Interactive
visualization helps to better understand common trends and pattern about the learners. 1st
International Conference on Learning Analytics and Knowledge 40 has defined learning analytics as
“Learning analytics is the measurement, collection, analysis and reporting of data about learners and
their contexts, for purposes of understanding and optimising learning and the environments in which
it occurs “.
In practice the most of the learning analytics technology is represented with the following technical
activities:
•
•
•
40

Data collection from input sources (log files, content, interactions)
Aggregation and clustering of the data
Relational analysis

https://tekri.athabascau.ca/analytics/
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•

Visualization of the results

On a high level, learning analytics market can be classified as following: content analytics, adaptive
analytics, predictive analytics, social media analytics and analytics dashboard. The analytics
dashboard nowadays is one of the most demanded products since the information such products
provide is easy to grasp for learners, educators, course provider, data analyst and it is able to easily
visualize a set of information with the help of tables, graphs or customized reports.
The upcoming report of the marketandmarkets.com 41 provides a first look into the development of
the market and its trends, indicating that North America is still the biggest regional market for
learning analytics that was mainly driven by small, medium and large enterprises (industrial training).
Nevertheless, higher education institutions also adopt learning analytics and visualization tools into
their practice measuring the efficiency of internal and external educational sources.
As was already identified in D1.1, major learning analytics vendors provide information of learner’s
performance and engagement form the interaction point of view only, but no affective responses are
considered. And this is the major differentiation of MaTHiSiS proposition. Thus, it is worth to look at
the key vendors that can potentially partner with MaTHiSiS to improve their offerings, using
MaTHiSiS technologies. Major vendors are: Blackboard Inc., Microsoft, IBM, Oracle, Pearson, Saba
Software Inc., SumTotal Systems, McGraw-Hill Education, SAP AG, and D2L Corporation.
Exploring the verticals of the market there is a lot of potential to apply the technology in parallel
markets. Apart from education, exploitation possibility can be explored in banking, financial services
and insurance, telecommunication, retail, government, healthcare, consulting and media and
entertainment sectors.
Solutions that MaTHiSiS is proposing is going to have a big impact on the research community as
well. The report on the “Adoption of New Research Methods” 42 provided by GRIT looks at the
approaches and methods buyers, sellers and suppliers are using at the moment or considering to use
in the nearest future for their market research activities. A number of research methods are
classified into mainstream approaches, wide adoption and niche. In fact, analytics from the
technology MaTHiSiS is providing is within the range of wide adoption by the market players and
specifically: big data analytics, facial analysis, eye tracking and gamification research.

41

https://www.marketsandmarkets.com/Market-Reports/learning-analytics-market-219923528.html
http://www.greenbookblog.org/2016/12/22/the-top-21-emerging-research-methods-of-2016-a-grit-sneakpeek/
42
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Figure 24 In Use data analytics growth. Source: GRIT Report

From the figure above, facial analysis and big data analytics are some of the biggest gainers with
respect to their application over the reported period giving an indication to MaTHiSiS consortium
that the combination of learning analytics and affective state can be a strong selling point for the
component.
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6.4 Individual tools exploitation and distribution
Separate MaTHiSiS tools and modules exploitation is closely correlated with product packaging
(T1.3). For successful commercialization of the product three dimensions have to be respected:
software shall be fully refined and production-ready, it shall be packaged for the buyer and marketed
to a suitable market segment. One of the indicators of potential success of the product is a
demonstration in a micro-marketing environment.
Nowadays, many businesses are looking into partnering possibilities to cooperatively launch new
products into the existing or new markets. Since a large commitment can be hard to achieve for
many developers and research institutes, certain form of partnering can be feasible. Good business
relationships can be formed with mutual business commitments and an added value to all the
parties, its contributions and benefits.
For this reason, MaTHiSiS is seeking a possibility of partnering with the RAGE project, whereas the
first steps and negotiations have already been done encouraging to work on a common business
model that would benefit both consortiums.
The RAGE project - Realising an Applied Gaming Ecosystem - focuses on the creation of a technology
and know-how transfer mechanisms that will enable the acceleration innovation and growth of
Applied (Serious) Games studios throughout Europe. Exemplary RAGE pilot cases demonstrate new
approaches, methods and tools to support social and educational stakeholders at reducing EU labour
market mismatches, by using Applied Gaming solutions for speeding-up the creation of a modernised
skilled workforce 43.
The major goal of the RAGE project is to offer an open repository and community platform that
would support growth (both in terms of outreach and monetary) of the ecosystem that is bringing
together developers, applied researchers, market players and end-users. Evaluating the value
proposition of RAGE project, the following main value propositions are particularly relevant for
MaTHiSiS partners:
•
•
•
•

Get access to the associated business cases (commercial opportunity)
Create bonds with peers, suppliers and customers (alliance formation),
Advocate their expertise and demands (publicity),
Develop and publish their own assets (trade)

RAGE’s focus lies in the creation, integration and consequently distribution of the components with
pedagogically oriented functions that include learning analytics, emotion appraisal, natural language
processing and adaptation models that is in line with MaTHiSiS tools offerings.
The initial consultation with RAGE business modelling experts revealed the consortium strategy
towards exploitation and commercialization strategies as well as potential revenue models. This shall
also match the MaTHiSiS consortium goals to ensure successful exploitation of individual tools.
The initial approach is to run a replication of an e-commerce business model that would cover a
range of categories due to an additional focus on connecting various stakeholders across several
value chains and the introduction of the social dimension supported by community tools:
•
•
•
•
•
•
•
43

Business - to - Business (B2B)
Business - to - Consumer (B2C)
Consumer - to - Consumer (C2C)
Consumer - to - Business (C2B)
Business - to - Government (B2G)
Government - to - Business (G2B)
Government - to - Citizen (G2C),

http://rageproject.eu/
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At this stage, it is envisioned that RAGE online social space will draw its inspiration form such store as
Unity 44 building its business model around variable subscription model. Although the final model is yet
has to be finalized and confirmed it already has an implication on MaTHiSiS software tools.
First of all, one of the requirements of the RAGE platform is that the components and assets that are
distributed or published through RAGE need to be open source. We have followed up with the
consortium to investigate the possibility to distribute closed-source components should one of the
partners decide on such option (more details on licenses are described in section 4). In any case, at
this stage, the contributions to the RAGE repository shall be covered by a contributor agreement 45.
Important part is that alike Unity store, MaTHiSiS consortium will be able to define the pricing of the
component on their own. Such ecosystem that would be able to connect MaTHiSiS tools developers
with potential customer through dedicated and centralized channels comes with a price though. The
final conditions will be finalized in the coming year. Nevertheless, to start having considerations on
the individual pricing of the tools, usual revenue share within such platforms is 30%. In other words,
the developer/inventor/contributor receives 70% of the price set in the platform, whereas 30% are
shared with the platform itself.
On the other hand, MaTHiSiS components are not exclusive to one or another platform and are not
distributed through a single channel only. The consortium will seek the possibility to explore direct
B2B engagement and distribute through a number of other platforms, similar to RAGE.
Nevertheless, particular collaboration of MaTHiSiS and RAGE, is of high importance to ensure impact
creation for both consortia and setting up the first concrete step towards possible commercialization
of MaTHiSiS tools. Already now and as part of activities within T1.3 “Product Packaging and
Advertising” it is important to set up an administrative force to:
•
•
•
•

44
45

Create a publisher/administration account on distribution platforms (including RAGE if
available in the nearest future)
Investigate the submission guidelines
Creation and product packaging including metadata, uploading key images, screenshots, etc.
Content definition for tools’ marketing.

https://store.unity3d.com/
https://opensource.org/faq#contributor-agreements
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7. Standardization
As described in the DoA, due to its cross-domain architecture, MaTHiSiS will align its activities with
various standards and frameworks including monitoring and evaluation of each item against learning
objects and partners’ needs. For this reason, as part of the first step (monitoring) besides mapping
the relevant ongoing standardisation processes, the consortium has gathered information about the
applied standards that are used in connection with the project thus the scope, means and ways of
participation in and contributions to standardisation processes could be determined more easily at
later stages of the project.
In table below, partners looked into the following information about each standard:
•
•
•
•
•
•
•

Title and number of the used standard
Name of the Standard Setting Organisation (SSO) and type of the SSO (formal/informal SSO,
regional/national/international)
Technical Committee (e.g. ISO/IEC JTC 1/SC 27 IT Security techniques)
Scope of the standard (to be taken from the text of the standard)
Application area of the standard (robotics, information security, etc.)
Status of the standard (published/unpublished. For example, for ISO see here:
https://www.iso.org/stage-codes.html)
Relevance to MaTHiSiS (which task/deliverable or WP)
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PARTNER

TITLE

AND

NUMBER

TYPE

TECHNIC

AND
NAME OF

AL
COMMITT
EE

SSO
ATOS

SCOPE

APPLICATION

STATUS

RELEVANCE TO MATHISIS

AREA

IMS Learner
Information
Package specif
ication

IMS
Global
Learning
Consortiu
m

addresses
the Learner
interoperability of internet- Information
based Learner Information servers
systems with other systems
that support the Internet
learning environment

Key
competences
recommendati
on

European
Commissi
on

a
common
European education and The
2006
reference framework on key training
Recommendatio
competences
for
n
on
Key
policymakers, education and
Competences for
training providers, the social
Lifelong Learning
partners
and
learners
is
currently
themselves
under
review.
The
review
period closed on
19/05/2017.

Learning
Resource
Metadata
Initiative
(LRMI)

Creative
to establish a common Educational
Common vocabulary for describing content and
products
s (CC) and learning resources
the
Associati
on
of
Education
al
Publisher
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Version
1.0.1 Base the MaTHiSiS learner´s
Final
profile
competence
levels
according to the specification in
Specification
order to ensure interoperability
with other systems.

Effective
23
October 2014,
the LRMI 1.1
specification was
transferred
to
the Dublin Core
Metadata
Initiatve (DCMI).

Base the learner profile´s level
of knowledge on the list of the
key
competences
recommendation.

Apply the common vocabulary
when adding learning materials
to the MaTHiSiS platform and
allow searching for them based
on this vocabulary.
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s (AEP)
CERTH

JavaScript
Object
Notation
(JSON) - RFC
7159

ISSN:
Internet
2070Engineeri
1721
ng Task
Force
(IETF),
formal,
internatio
nal

JavaScript Object Notation
(JSON) is a lightweight, textbased,
language-independent data
interchange format. It was
derived from the ECMAScript
Programming Language
Standard. JSON defines a
small set of formatting rules
for the portable
representation of structured
data

ISSN:
Web sockets – Internet
RFC 6455
Engineeri 2070ng Task 1721
Force
(IETF),
formal,
internatio
nal

The WebSocket Protocol
enables
two-way
communication between a
client

OpenAPI
Specification

The OpenAPI Specification Software
(OAS) defines a standard, Engineering
programming
languageagnostic interface description

OpenAPI
Initiative
(Linux
Foundati
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N/A

running untrusted code in a
controlled environment to a
remote host

Software
PROPOSED
JSON is used in MaTHiSiS in
Engineering,
STANDARD (RFC order to structure messages
representation 7159)
between Open APIs’ REST
of any data in
endpoints, between Open APIs’
and ES Server’s REST endpoints
a
common
format
and between the ES server and
ES
clients
(websocket
communication). It is also used
in client and APIs configuration
files.

Software
Engineering,
Client-Server
communicatio
n

PROPOSED
STANDARD
(RFC 6455)

Websockets are used in
MaTHiSiS
for
the
communication between the
Cloud
and
the
Clients,
(Experience Service).

that
has
opted-in
to
communications from that
code.

Open Standard

Definition of data exchanged
while interacting with an API.
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on),
formal,
internatio
nal

for REST APIs, which allows
both humans and computers
to discover and understand
the capabilities of a service
without requiring access to
source
code,
additional
documentation, or inspection
of network traffic.

Hierarchical
HDF
Data Format Group,
informal,
(HDF)
internatio
nal

N/A

Hierarchical Data Format Data Science
(HDF) is a data file format
designed by the National
Center for Supercomputing
Applications (NCSA) to assist
users in the storage and
manipulation of scientific
data across diverse operating
systems and machines.

Open
format

Resource
Description
Framework
(RDF)

W3C,
formal,
internatio
nal

W3C
Recomm
endation
25
February
2014

The Resource Description Semantic Web
Framework (RDF) is a
framework for representing
information in the Web.

Published, W3C Ontology
design
and
Recommendatio development (LAO Ontology)
n

OWL 2 Web W3C,
formal,
Ontology
internatio
Language
nal

W3C
Recomm
endation
11
Decembe
r 2012

The OWL 2 Web Ontology Semantic Web
Language is an ontology
language for the Semantic
Web with formally defined
meaning. OWL 2 ontologies
provide classes, properties,

Published, W3C Ontology
design
and
Recommendatio development (LAO Ontology)
n
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data Data representation used by
computer vision algorithms

Page 105 of 113

D1.2 – MaTHiSiS Exploitation Plan M24

individuals, and data values
and are stored as Semantic
Web documents. OWL 2
ontologies can be used along
with information written in
RDF, and OWL 2 ontologies
themselves are primarily
exchanged
as
RDF
documents.
NTU

ISO/IEC
24751- 1, 2 &
3:2008
Information
technology -Individualized
adaptability
and
accessibility in
e-learning,
education and
training -- Part
1: Framework
and reference
model

Internatio
nal
Organizat
ion
for
Standardi
zation
and the
Internatio
nal
Electrote
chnical
Commissi
on

Part
1:
Framework
and reference
model
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ISO/IEC
JTC1
SC36
(hosting
body
ISO/IEC
JTC1
Subcomm
ittee 36
Informati
on
technolog
y
for
learning,
education
and
training)

Accessibility standard

All areas that
provide user
interfaces that
can adapt to
users

Currently,
ISO/IEC 247511,2 & 3 are being
revised to define
a framework for
a registry-based
approach,
as
used in GPII. The
new title is:
Information
technology
-Individualized
adaptability and
accessibility in elearning,
education and
training -- Part 1:
Framework and
Registry

Term registry (as defined by
ISO/IEC 24751-1) is used in
Mathisis to define terms for
specifying profiles of users.

Page 106 of 113

D1.2 – MaTHiSiS Exploitation Plan M24

Part 2: "Access
for
all"
personal
needs
and
preferences
for
digital
delivery
Part 3: "Access
for all" digital
resource
description
NTU

ISO
9241171:2008
Ergonomics of
human-system
interaction -Part
171:
Guidance on
software
accessibility

Internatio ISO
nal
TC159
Organizat
ion
for
Standardi
zation

UEL

The P-scales. The
Planning,
Scales
teaching and
assessing the
curriculum for
pupils
with
learning
difficulties.
QCA/09/4060
Contract No.: 687772

P Qualificat
ions and
Curriculu
m
Authority
(QCA)

contains generic (technology- All areas with current
independent) provisions on user interfaces
making software accessible
for users with disabilities and
older users.

General application of some of
the provisions of 9241-171, in
particular those concerning
personalization and profile
persistence.

Assessment framework to Education
support teachers in making
judgements about pupils’
attainment below level 1 of
the national curriculum.

Informs SEN teachers when
creating and selecting learning
materials and graphs and helps
them to map learners’ progress
to the recognised PS scales
levels.

Current standard
in
the
UK,
currently under
review
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UM

TIN CAN API

N/A

NG

Web Content
Accessibility
Guidelines
(WCAG) 2.0,
User
Agent
Accessibility
Guidelines 2.0
[UAAG20]

The
World
Wide
Web
Consortiu
m (W3C),
Web
Accessibil
ity
Initiative
(WAI)
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e-learning

Mobile
Accessibil
ity Task
Force
A11Y TF

Mobile Accessibility: How
WCAG 2.0 and Other
W3C/WAI Guidelines Apply
to Mobile” describes how the
Web Content Accessibility
Guidelines
(WCAG)
2.0
[WCAG20] and its principles,
guidelines,
and
success
criteria can be applied to
mobile web content, mobile
web apps, native apps, and
hybrid apps using web
components inside native
apps. It provides informative
guidance, but does not set
requirements.
It
also
highlights the relevance of
the User Agent Accessibility
Guidelines 2.0 [UAAG20] in
the mobile context.

provides
informative
guidance (but
does not set
requirements)
with regard to
interpreting
and applying
Web Content
Accessibility
Guidelines
(WCAG)
2.0
[WCAG20] to
web and nonweb
mobile
content and
applications.

This specification is very
important
for
the
communication of information
about the interaction of the
learner with the platform
Work
in
Progress. Public
Working Draft by
the
Mobile
Accessibility Task
Force
(Mobile
A11Y
TF)
operating under
the terms of its
Work Statement
under the joint
coordination and
review of the
Web
Content
Accessibility
Guidelines
Working Group
(WCAG WG) and
the User Agent
Accessibility
Guidelines
Working Group
(UAWG), which is
part of the Web
Accessibility
Initiative (WAI)

The current document is
focused on the accessibility of
mobile web and applications to
people with disabilities (WP5)
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of the World
Wide
Web
Consortium
(W3C).
This
document
is
intended
to
become a W3C
Note.
Table 12 MaTHiSiS standardization activities monitoring
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8. Conclusion
This deliverable is another step forward for the consortium, setting up a road-map for future
exploitation. D1.2 presents various business models that are suitable for different markets and
customer segments as well as introduces the possible revenue streams for the future solution.
Special attention was given to communication and consultation with external stakeholders that has
revealed high interest to MaTHiSiS value among start-up community. Similarly, with respect to
individual components exploitation, consortium has showed the progress towards engaging with
RAGE project seeking the possibility to publish MaTHiSiS tools within RAGE ecosystem. This brings
the consortium towards concrete discussions on the market penetration urging to the design of the
common exploitation agreement. Further, with respect to IPR, several licenses were reviewed and
proposed to ensure that the results of the project are protected from any sort of infringement.
Finally, the key exploitable results are identified with their end-licenses.
Next logical step for the consortium is to further work on the product packaging (T1.3) which
includes the creation of the metadata for each of the MaTHiSiS tools as well as provision of
appropriate training manuals. Initial market overview described in the D1.1 and D1.2 will deepen as
part of T1.2 outcomes which is aimed to provide business plans for each of 1+4 MaTHiSiS products.
This will include a deeper review of the market with respect of each component (initial overview was
presented in D1.1), business and technology strategy, product benefits, separate business canvases
and detailed financial plans. Moreover, since the engagement with potential customers has already
begun, the consortium will introduce a customer/investor-oriented pitch material. Most importantly
since the interest to test the system started to be expressed by the third parties, the consortium will
define how to offer public demo accounts to the interested parties as part of the T1.3 and WP10
activities. Furthermore, the work on the exploitation agreement will continue with close
collaboration with legal departments to be able to sign off a final version in the following year before
the end of the project.
Concluding the activities performed within WP1 and outlined in this deliverable, it is safe to state
that T1.1, serving as an umbrella to all the activities within WP1, has encouraged a number of
activities in each of the work package tasks, giving enough details to further deepen business
planning, IPR management, product packaging and advertising in the upcoming deliverables of the
appropriate tasks.
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