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This paper describes the conceptual and technological definition
and integration of a Virtual Education Space (VES) into the Inter-
net of Things (IoT) paradigm as an IoT ecosystem via a software
integration platform (VES IoT Integration Platform, VIIP). The
internal structure, architecture and characteristics of VES are de-
scribed. The VES conceptual hierarchy entity model is presented
as well as its conceptual equality with the IoT paradigm is ana-
lyzed. A conceptual integration based on the provided VES model
is made within the IoT stack to ensure the full educational ecosys-
tem compliance with the paradigm. The VIIP is presented and
validated via analyzing the integration of electronic testing in the
presented integration platform by following a common integration
methodology defined for the VIIP.
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1. INTRODUCTION

The role of Internet as a massive access provider to all kinds of services and
resources influences strongly the data, provisioning and processes virtualiza-
tion extent in more and more aspects and domains of different nature. Since
access is no longer an issues the emphasis is put on the way these services and
resources can be combined and realized to achieve an intelligent self-adjustable
behavior that is best suited for each user or service they interact with. The

*Corresponding author.

DOI: 10.7546/EngSci.LV.18.01.01

c© Инженерни науки, год. LV, 2018, № 1 5 c© Engineering Sciences, LV, 2018, No. 1



platforms providing these services and resources must be flexible enough to
handle the dynamicity of the environment they are supposed to act in since a
full virtualization of the physical world is meaningful if it manages to achieve a
consistent virtualization of each and every aspect of it. The web-based educa-
tional platforms are affected by this evolution and must fit in to overcome the
current issues they are facing as well as to comply with the evolving users’ re-
quirements and needs towards educational services and resources. In the light
of this tendency the Faculty of Mathematics and Informatics at the Univer-
sity of Plovdiv develops a Distributed eLearning Centre (DeLC) project whose
main goal is to provide a suitable infrastructure and digital environment for
educational services and content provisioning by combining and utilizing dif-
ferent communication and software technologies [1, 2]. These characteristics,
however, turn out to be insufficient for a full virtualization of the educational
process to be achieved by DeLC. Education itself is a multilateral process that
depends on events and actions emerging at different time and at different loca-
tions – aspects of the real physical world and environment that the education
exists in. The disconnection from the physical environment is a major problem
for many educational web-based approach implementations as well as it is for
DeLC. The different educational aspects (learning, assessment, self-education,
etc.) are all interconnected and have an influence on each other and it must
be made possible to create relations between them in order to fulfill a fully
adaptive and user-centric personalized educational process, thus, achieving an
effective educational virtualization. This leads DeLC to its natural next evo-
lutionary stage where it is being transformed into a new infrastructure known
as Virtual Education Space (VES) where users, time, location, autonomy and
context-awareness are founder concepts that ensure a unified processing and
interpretation of the information that is received both from the virtual envi-
ronment and the real physical world [3]. VES is an intelligent space where its
inhabitants can interact and communicate between each other in an intelligent
anywhere – any time – anyhow manner. The Internet of Things (IoT) concept
applies easily to such an environment. The Internet of Things is an extension
of the Internet into the real physical world in which physical entities (objects,
devices, things) are interconnected [4]. It defines an ecosystem composed of
things that can sense the environment changes, analyze these changes based
on a shared gained knowledge and act or make plans accordingly for achieving
a personal or a shared goal. Bringing eLearning in the terms of IoT is the
way to ensure it can keep up with the users’ requirements and needs as well
as with the Internet evolution.
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2. VES OVERVIEW

The vast and pervasive Internet application and its continuous transforma-
tion from a network of networks into a network of things [5], as well as the
globalization of the cyber space, are the base for the rapid development of the
cyber-physical social systems which will inevitably lead to major technological,
economic and social consequences in the years to come.

2.1. VES characteristics

VES is an intelligent space [6, 7]. In comparison to DeLC, the intelligent ed-
ucational space will effectively support the processes of blended education that
integrates the electronic educational forms with the real educational processes.
VES is context-aware. According to the definition of context [8] VES is defined
as a context-aware system [9] via using and applying the Calculus of Context-
aware Ambients (CCA) [10, 11] for achieving the full context-awareness of the
educational space via an integration of AJTempura [12, 13]. VES is scenario-
oriented. The educational scenarios are developed as workflows that consider
the state changes of the environment, thus, they can adjust themselves based
on the received information that could be about temporal characteristics of
the educational processes (duration, repetitiveness, frequency, beginning, end)
or events (planned or incidental). VES is with a controlled infrastructure. The
access to the space is made possible via two types of predefined entry points
with a different specialization level – Personal Assistants (PA) and the edu-
cational DeLC portal. Controlling the access to VES via personal assistants
ensures the personalization and the intelligent behavior and provisioning of
the required educational services and resources which is a key concept that is
significant for the behavior of VES in a social and a personal aspect.

2.2. VES architecture

The approach adopted for the design and realization of the architecture of
VES (Fig. 1) is based on two general concepts – seamless access to its func-
tionalities via service provisioning and integrating a multi-agent platform to
ensure the intelligent and proactive behavior of the services as well as their
interaction and inner communication for achieving a fully personalized and in-
telligent educational process. The assistants are the key concept in VES. They
are implemented as BDI [14, 15, 16] agents and are active context-aware com-
ponents that operate autonomously, reactively, proactively and socially and
are responsible for supporting each participant and component in the space
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Fig. 1. VES architecture
Фиг. 1. ВОП архитектура

for achieving the optimal effectiveness and intelligence of the processes via co-
operation among each other, between them and all the other VES components
as well as with the physical world. There are three types of assistants defined
– personal, operational and guards. The PA [14] are the personalized entry
points of VES acting as an interface between the users of the physical world
and the virtual environment of the space. There is a prototype of a PA for
students in VES – Learning Intelligent System for Student Assistance (LISSA)
[17] that integrates a simplified interface for comprehension and generation of
natural language phrases. The PAs can be used by and on mobile devices
(mobile PA, mPA). The main goal of the Operational Assistants (OA) is the
support and management of educational scenarios execution and management.
OA implement the intelligent communication between the server components
and all other components in the space which defines them as a specific interface
between that static services and data and the dynamic virtual environment of
the space. Based on the functionalities OA provide, two subspaces could be
distinguished in VES – DiLibs Subspace (D-Subspace) and Admin-Subspace
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(A-Subspace). In the D-Subspace the environment of the OA is presented by
digital libraries (DiLibs [18]). The virtual machines are responsible for directly
supporting the educational processes via implementing different specifications
and concepts – SCORM engine (SEng, SCORM 2004 [19] implementation),
Test Engine (TEng, QTI 2.1 standard [20] implementation) and an Events
Engine (EEng, implements a special events model [21, 22] based on the Event
Calculus formalism [23]). The A-Subspace provides all functionalities related
to educational process organization, management and documentation in a se-
cure manner – planning, logging and documentation of the educational process
such as educational plans, programs and agendas, exam protocols, assessment
results. The A-Subspace OAs support the execution and behavior of the two
main active VES components – the student’s Grade book (GB, developed
in compliance with the Common Cartridge standard [15]) and the Teacher’s
notebook (TNB, enhancing the teaching process via analyzing the efficiency
and progress level of all students in a given course). The contextual-awareness
and intelligent behavior in the space must be supported by a structured in
an intelligent manner data [24]. Thus, different educational ontologies are
engineered to semantically enrich the agents’ environment. The guards are a
special kind of assistants that are responsible for the secure and efficient exe-
cution of the educational processes in the space. A distinctive characteristic of
these assistants is that they are capable of operating in each and every part of
the space, thus, the guards could be divided in two types – logical and virtual.
The logical guards play a key role in the communication with the physical
world by gathering the raw data from a single or a group of physical sensors
further processed and transformed in a suitable format and model and shared
with all other components in VES. In this aspect the logical guards could be
defines as an interface between the physical and the virtual world in VES. The
virtual guards operate entirely in the virtual space and they are capable of
communicating with all other VES components seamlessly.

The educational portal DeLC is a special entry point of VES. Currently,
there are two types of electronic education that are integrated in it – blended
learning and lifelong learning. The portal provides different courses and testing
functionalities [25] and is designed as a dynamic web application. The archi-
tecture ensures the ease of pluggability and integration of each of the VES’s
components in the portal – the three engines, GB and TNB. The portal is also
integrated with the JADE platform [26] and the Jadex [27] container used
to create agents that operate in the portal itself, thus, ensuring the seamless
integration with the VES OAs.

c© Инженерни науки, год. LV, 2018, № 1 9 c© Engineering Sciences, LV, 2018, No. 1



3. CONCEPTUAL MODELLING OF VES IN IoT

To be able to put education in the terms of IoT a suitable virtualization of
each and every aspect of the educational process as well as of the concept of
knowledge must be defined. The models presented in [17, 28, 29] outline the
key abstraction aspects that must be covered by an educational conceptualiza-
tion and aim a more adaptive and agile learning process [30] as well as sharing
and reusing of the educational content [31, 32]. To be able to represent educa-
tion via a formal model on a meta level, its base aspects (knowledge, processes
and participants) must be modelled and formalized in a way that ensures the
definition, finding and usage of relations between them, that provides their
identification and definition of level of applicability into a specific educational
context that is generated based on analyzing of all educational aspects, and
all this must be defined and integrated within the frame of the target formal
model.

3.1. Conceptual model of VES

Since VES is defined as an abstraction of the whole educational process
that differentiates the various educational aspects but without breaking their
interconnectivity [25], the formal model of VES must define a common ab-
straction of all educational aspects (knowledge, processes and participants).
It must define the key behavioral, mental and properties characteristics of
a VES component that are further specified in detail by the context of the
concrete aspect of the whole educational process. Thus, VES modelling is
based on polymorphic models over a common abstraction of an entity in VES
(Fig. 2).

An entity in VES is a concept that is characterized with:
• Context-awareness of its environment;
• Capabilities for sensing and actuating its environment as well as its internal

state based on shared contextual knowledge;
• Participation or initiation of actions or cooperation for achieving a certain

goal;
• Interconnectivity and interactivity with all other entities in the space;
• Intelligence.

A significant concept in VES is the term environment. In VES definition
the three aspects in which the concept environment can be defined are outlined
– virtualization [33], education, space. The environment in VES is a virtu-
alization of the real physical world and is a multidimensional space where
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Fig. 2. VES entity model
Фиг. 2. Същностен модел на ВОП

the context is a function of the value sets of its dimensions (personal char-
acteristics of a learner or a teacher, temporal situation, educational process
stage, educational goals reached, etc.). Thus, the environment in VES is an
intelligent and personalized information source with monitoring and report-
ing capabilities that is constantly interconnected with all other entities in the
space. It is visible that the concept of environment extends the base entity
conceptualization with context generation capabilities, inter-entities commu-
nication provisioning capabilities, dynamic internal structure, events gener-
ation, transfer and adaptability, responsibility to synchronize the real world
with the virtual inner space. Thus, the concept of environment in VES’s
conceptual model can be defined as an interconnecting entity which makes it
equal to all other entities in the space abstraction-wise. Knowledge in VES
is the base informational mechanism that ensures the adaptability, proactiv-
ity, intelligence and context-awareness of the space. The information becomes
knowledge when it can be meaningfully structured and put in the terms of a
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commonly adopted and comprehended dictionary (ontology). In the VES con-
ceptualization terms, knowledge is a cognitive entity. The cognitive entities
are the conceptual model of knowledge in VES and extend the concept of the
abstract VES entity with the capabilities of acquiring and producing cognitive
value. VES is an educational space which means that it has to implement real
educational processes – methodic approaches for acquiring new knowledge by
each of the participants being involved. The methodic entities extend the base
abstract VES entity definition with a scenario-based and goal-oriented behav-
ior internally implemented based on a certain adopted internal methodology.
The participants in the educational space are conceptually modelled as sub-
jective entities. These entities are the connection between the real physical
world and the virtual space and are constantly interconnected which enhances
their context-awareness of the real and the virtual environment. The subjec-
tive entity in VES extends the base abstraction VES entity definition with the
concept of personal characteristics.

3.2. The VES conceptual model in the terms of IoT

To achieve a full conceptual compliance a bijection must be possible and
made between the two sets of concepts – VES conceptual model and the Inter-
net of Things paradigm. Moreover, VES must fully implement the IoT stack
so that it integrates each and every aspect of the IoT paradigm.

The things are the base units in an IoT ecosystem. They implement the
connection between the real physical world of objects and the digital world
of Internet and all their specific characteristics are defined and classified by
the IoT stack (Fig. 3). The VES’s definition of the concept entity is fully
compliant with the IoT thing definition. The VES entity concept is integrated
in every component of the space since each one is a part of VES’s conceptual
entity hierarchy. Thus, the internal structure of VES is compliant with the
IoT stack (Fig. 3) since it is implemented by IoT-compliant entities. Seamless
connectivity and communication between the entities is another major aspect
of the IoT paradigm. The things in IoT are expected to be constantly inter-
connected via the Internet network, thus, share information, produce and gain
knowledge as a result of their seamless communication within the environment.
The definition of the knowledge concept in both contexts – IoT ecosystem and
VES – is equal. The stress is put on the social aspect of communication based
on an appropriate infrastructure that enhances it. VES environment is de-
signed to operate in a unified and abstract manner so that it enhances the
communication between the VES entities in an intelligent and proactive way
being a VES entity itself. The web-based communication is in the core of
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the VES realization platform in IoT, thus, compliant with the paradigm. The
concept of network connectivity, i.e. interconnectivity between all components
in a space is adopted and implemented by the VES environment. VES and
IoT could be defined as conceptually equal which provides great opportunities
and brings out new horizons for evolving the education as an integrated part
of the global IoT ecosystem.

4. VES INTEGRATION PLATFORM

Providing an integration platform for the realization of VES is the way
for implementing it as an open ecosystem in the IoT world where people and
things can cooperate as equal and intelligent entities in the educational context
without being geographically, technologically, socially or conceptually limited.

4.1. VIIP

Figure 4 represents the generalized model of the VES IoT integration plat-
form (VIIP) that aims realization of the space as an IoT ecosystem and ad-
dresses the dynamic and heterogeneous environment of connected devices, ser-
vices and applications. The integration server can be logically separated into
two main components – microservices and electronic content repositories.

The decomposition of VES functionalities via being provided as microser-
vices aims achieving of scalability, security and efficiency of the management
of the technologies and resources the space is built of. There are three main
groups of microservices – system, educational and Content Access (CA). The
system microservices (Things Integration, Rule Engine, Complex Events Pro-
cessing) manage the common abstraction and behavior of the things in the
VIIP. The educational microservices (Cognitive, Learning, Testing, Analyt-
ics) provide the educational processes implementation as well as proactive
guidance for each participant. The CA microservices provide content manage-
ment capabilities for each specific repository (Content storage) shared within
and out of the platform. In the center of the platform is the BDI Rational
Agents microservice that is accessible by all other platform components as
they are all internally agent-based. Each platform component is accessible via
a REST interface, thus, making it possible to integrate external applications,
cloud services, IP and non-IP enabled (via an OSGi gateway) devices over a
public API and via providing the suitable tools (SDK for mobile applications,
Integration OSGi Framework for gateway-based solutions for non-IP enabled
devices).
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Fig. 4. VES IoT integration platform
Фиг. 4. ВОП Интернет на Нещата интеграционна платформа

4.2. VIIP validation – integration of eTesting

The initial work on the eTesting integration in VES [34, 35] are guided by
several leading factors – DeLC educational portal, multi-agent platform and
the QTI 2.1 standard for electronic testing content. These three precondi-
tions are founder for the development and realization of eTesting in VES and
determine the technologies and architectural approaches chosen so far.

Integrating eTesting in the VIIP overcomes all currently spotted technolog-
ical and conceptual problems and follows a main methodology for integration
of new components in the platform. All testing functionalities are provided as
microservices in the platform using the core BDI Rational Agents microservice
via its REST API for agents provisioning ensuring the intelligent and proac-
tive behavior of the testing functionalities. A special QTI database is designed
and implemented enhanced with a dedicated QTI Content Access microservice
available in and out of the platform to manage the QTI standardized content.
This way eTesting becomes an integrated part of VES being seamlessly in-
terconnected with all its components transparently. All eTesting data and
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functionality is available in and out of the platform which ensures its seamless
integration with all internal and external services and data in interest. Follow-
ing the methodology for integration in VIIP, eTesting becomes an integrated
part of the educational IoT ecosystem.

5. CONCLUSION

The world is on the edge of a new technological and software revolution that
will inevitably influence each and every aspect of our lives. At the point where
technologies have reached their optimum in the area they are intended for, a
new horizons emerge when the goal becomes combining these technologies
to implement a higher scope and functionalities based on them working in
synergy and on a higher abstraction level. This is the driving force of the
IoT paradigm adaptation that aims a full physical world virtualization that
can bring out new and never seen before tendencies and phenomenons based
on analytics and data integration provided by all things in the global IoT
ecosystem. The education is an inseparable part of the human lives and mental
evolution, thus, it has to make the technological and conceptual leap towards
becoming an integrated part of the IoT ecosystem. Realizing it via a platform
that provides transparent interconnection and integration within the global
IoT ecosystem ensures its full and adaptable virtualization as well as clears
the way for making even greater evolutionary steps towards the new human-
centric paradigm expanding IoT – Internet of Everything.
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Резюме. В статията са представени концептуалната и техно-
логична дефиниция и инреграция на Виртуално Образовател-
но Пространство (ВОП) в парадигмата Интернет на Нещата
(ИнН), като ИнН екосистема посредством софтуерна интег-
рационна платформа (ВОП интеграционна платформа, ВО-
ПИП). Описани са вътрешната структура, архитектура и ха-
рактеристики на ВОП. Представен е йерархичният същностен
модел на ВОП, както и е анализирана неговата концептуална
съвместимост с парадигмата Интерет на Нещата. Направена
е концептуална интеграция на ВОП в стека на Интернет на
Нещата на база представения ВОП същностен модел, която
да установи пълна съвместимост на дефинираната образова-
телна екосистема с парадигмата Интернет на Нещата. ВОП
интеграционната платформа е представена и валидирана чрез
анализ на интеграция на електронно тестване в нея посредст-
вом следване и прилагане на общата, дефинирана за платфор-
мата, интеграционна методология.

Ключови думи: Интернет на Нещата, екосистема, образование,
ВОП концептуален модел, ИнН интеграционна платформа.
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