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Abstract 
Mobile technology in education is becoming an increasingly interesting option for the future. Smart and personal access to 
interactive multimedia content (IMC) requires a developed infrastructure for present and future Smart Cities. The arrival of 
5G technology will significantly improve the existing smart learning models and enable significant involvement of IoT 
technology. Connecting IoT within 5G mobile networks will enhance Smart Learning Environments (SLE) for each user. 
SLE is physical and virtual environment that provides faster access to IMC, enriching the environment with contextual and 
adaptive digital devices that provide situations, events, interventions and perceptions needed to encourage users to learn, 
know, and resolve situations (identification), actively and virtually interact with the group, exercise and think. All these 
elements will not be able to provide adequate quality through existing models without an active student model supported by 
IoT technology. This paper discusses the possibilities and future implications of the new 5G technology, ubiquitous 
computing and IoT as components of Smart learning environments. 
Keywords: mobile technology, personal smart learning environments, 5G, student models, contextual model 
 
 
Introduction 
The possibilities mobile technology currently offers have significantly improved the way people use computer 
technology in their everyday life. The reason for this is that mobile devices have, due to their availability, finally 
become "personal devices", and they now provide their users with a way to continuously interact and 
communicate with their device and its online and offline features. The development of mobile networks 
bandwidth has also allowed users to access various types of network content, communication and entertainment 
in a multimedia-based and interactive way. Today, we are witnessing the introduction of 5G mobile technology, 
something that will enhance this experience even further. 
 
Apart from providing increased speed, it is expected that 5G will support the development of Internet of Things' 
(IoT) ecosystem, where networks could be used to satisfy the communication needs of billions of interconnected 
devices. These services will support a compromise between speed, bandwidth, latency and expenses 
(Mavromoustakis, Mastorakis, & Batalla, 2016). Unlike current standards, 5G introduces several important 
features such as low latency, allowing users to interact in real time, which is important for cloud services; low 
energy consumption, ensuring the longevity of quality services; and significant increase in mobile networks' 
speed and bandwidth. These features are the basis for future use of IoT devices and technology. 
 
Eloff wrote about the Internet of future as far back as ten years ago: "The Future Internet will be based on mobile 
technology and consist of billions of digital devices, people, services and other physical objects having the 
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potential to seamlessly connect, interact and exchange information about themselves and their environment " 
�(ORII��(ORII��'ODPLQL��	�=LHOLĔVNL�������. Ten years later, this vision is becoming a reality. This is preceded by a 
continuous development of technology, but also by the development of a society able to accept technological 
changes. While this vision was quite advanced in its day and age, it is now a logical continuation of human 
society's and technology's evolution. In this and future synergistic development of society and technology, also 
known in scientific literature as IoPTS (Internet of People, Things and Services), i.e. Internet of People (IoP), 
Internet of Things (IoT) and  Internet of Services (IoS), Internet of People shows how Internet of Things and 
Services will be used in the future (Al-Fuqaha, Guizani, Mohammadi, Aledhari, & Ayyash, 2015; Ejaz & 
Anpalagan, 2019). 
 
,QWHUQHW�RI�7KLQJV�DQG�WKH�VPDUW�OHDUQLQJ�HQYLURQPHQW 
Advances in the field of mobile technology have directly impacted the development of IoT (Internet of Things) 
technology, which has become an important part of future Smart City environments. There are several points of 
view concerning IoT's definition, but one of the most precise and most complete ones is given by Gartner Inc1., a 
research and advisory company, which states: "The Internet of Things (IoT) is the network of physical objects 
that contain embedded technology to communicate and sense or interact with their internal states or the external 
environment". In fact, we can consider various physical devices (objects) which possess the technology that 
allows them to collect data from their surroundings, have the ability to process data and based on that 
"communicate" or act in their environment. The number of those devices is continuously rising, and their 
number, type, place and purpose will surpass all our expectations in the future (Kale, 2018; Sun, Wang, & 
Ahmad, 2017). Apart from these basic functions the devices possess, we can expect to see new, interesting and 
more demanding features which will greatly rely on artificial intelligence(Sun et al., 2017). The development of 
this information and communication ecosystem has only just begun, and judging from the feats achieved so far, 
we can expect to see an advanced IoT information and communication ecosystem. 
 
This unique environment composed of ubiquitous IoT devices creates an ICT environment that can significantly 
impact and advance learning and teaching processes.In such an environment we cannot be satisfied with mere 
access to information and simple learning and teaching support. Rather, we should aim for active participation in 
the learning process through guiding every student, by means of active instructions, by using proactive learning 
suggestions whose aim is to support and entice students in the right moment. It is therefore necessary to think 
about creating a "smart environment" that will entice learning and teaching processes. Even Ilkyu Ha and 
Chonggun Kim considered a smart learning environment to be a combination of technology and pedagogy whose 
goal is to create an ecosystem designed to provide evidence about changes in knowledge in real time and the 
sustainability and acquisition of skills which are imperceptibly transferred onto students when they move from 
one learning context into another �%ăGLFă�	�1JX\HQ�� �����. Many authors, such as Chin (1997), state that a 
smart learning environment is focused on the student and based on applied information and communication 
technology. Chin states that this technology must have the following features: it should be able to adapt to 
GLIIHUHQW� OHDUQLQJ� VW\OHV� DQG� DELOLWLHV�� SURYLGH� VXSSRUW� WR� VWXGHQWV¶� GHYHORSPHQW� DQG� VXSSRUW� OLIHORQJ� OHDUQLQJ��
This specific environment must contain modern pedagogical aspects and knowledge (Chin & Chen, 2013). The 
pedagogical aspects are aimed at the most recent research in the field of applied ICT technology in learning and 
teaching processes (Daniela, 2019; Lorenzo & Gallon, 2019). 
 
Creating a smart learning environment for every student therefore becomes an intriguing idea we must aspire to. 
Authors such as Koper believe that smart learning environments are primarily physical environments enhanced 
with digital devices and adaptable contexts, with the goal of promoting better and faster learning (Koper, 2014). 
Klimova (2015) defined the concept of SLE as a smart learning environment supported by technology that can 

                                                           
1�ŚƚƚƉƐ͗ͬͬǁǁǁ͘ŐĂƌƚŶĞƌ͘ ĐŽŵͬŝƚ-ŐůŽƐƐĂƌǇͬŝŶƚĞƌŶĞƚ-ŽĨ-ƚŚŝŶŐƐͬ 
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make adaptations and provide adequate support (L. Uskov, Howlett, & Jain, 2015). According to Zhu, it is 
emphasized that intelligent learning is based on two different types of technology, (1) intelligent devices and (2) 
intelligent technology (Z.-T. Zhu, Yu, & Riezebos, 2016). Zhu et al. set basic features of a smart learning 
environment through location awareness, context awareness, interoperability, seamless connection, adaptability, 
and ubiquitousness (Z. T. Zhu & Bin, 2012). 
 
It is necessary to emphasize here that this paper stresses that smart learning environments have to become 
personal smart learning environments. Personal smart learning environments thus become interesting 
environments focused on an individual. The concepts of a smart classroom and a smart learning environment aim 
WR�PDNH�VWXGHQWV¶�HQYLURQPHQWV�PRUH�HIILFLHQW��DGDSWDEOH�DQG�LQWHUHVWLQJ��:H�FDQ�DOVR�YLHZ�WKH�VPDUW�OHDUQLQJ�
classroom concept as a potential integration of individual smart environments. The model proposed here only 
partially considers this possibility, but it does provide further steps for developing a future model. 
 
In accordance with these basic ideas, Zhu et al. created and described key elements that determine smart 
education as a product of a smart learning environment: location awareness (in smart learning, the location in 
real time is important data the systems need in order to adapt the content and situation to the student); context 
awareness (exploring different activity scenarios and information); social awareness (sensing social 
relationships); interoperability (setting standards for different resources, services and platforms); seamless 
connection (providing continuous service when any device connects); adaptability (pushing learning resources 
according to access, preference and demand); ubiquitousness (predicting student's demands until clearly 
expressed, providing visual and transparent access to learning resources and services); record completeness 
(recording learning path data to mine and analyse in depth, then providing reasonable assessment, suggestions 
and pushing on-demand service); natural interaction (transferring the senses of multimodal interaction, including 
position and facial expression recognition); high engagement (immersion in multidirectional interactive learning 
experiences in technology-enriched environments) (Z.-T. Zhu et al., 2016). 
 
Zhu et al. also propose an interesting model of a smart environment set in an interesting surrounding. If we 
analyse the elements of the model, we can see that it is not completely focused on an individual but on the smart 
learning environment. The proposed elements are   predictors which can point to future development of 
technology, adaptability and future focus on an individual and social environment. However, the question that 
has to be raised is whether the proposed model can be adapted to each and every student. Can every student, with 
all their specificities, fully utilize the elements? 
 
Hwang created a smart learning environment model composed of the following modules: 
- $�OHDUQLQJ�VWDWXV�GHWHFWLQJ�PRGXOH��ZKLFK�GHWHFWV�OHDUQHUV¶�UHDO-world status, such as locations and learning 

behaviours, and environmental contexts such as temperature and humidity). 
- A learning performance evaluation module (records and evaluates learner's performance). 
- An adaptive learning task module (assigns learning tasks to learners based on their learning progress, 

learning performance, personal factors and their learning objectives). 
- An adaptive learning content module (based on the learning progress, learning performance and other 

factors, the learning system recommends and organizes learning materials). 
- A personal learning support module (learning support to learners based on their learning needs). 
- A set of databases for keeping the learner profiles, learning portfolios, learning sheets (the learning portfolio 

GDWDEDVHV�FRQWDLQ� VWXGHQWV¶� OHDUQLQJ� VFKHGXOHV�� OHDUQLQJ�SURJUHVV�� KRPHZRUN��DVVHVVPHQW� UHVults and their 
interactions with peers and the learning system etc.). 

- $Q� LQIHUHQFH� HQJLQH� DQG� D� NQRZOHGJH�EDVH� IRU� GHWHUPLQLQJ� WKH� ³YDOXH´�RI� WKH� FDQGLGDWH¶V� OHDUQLQJ� WDVNV��
strategies and tools as well as their possible combinations. The knowledge base is a collection of the tutoring 
knowledge and the experience of educators and learners. It can also contain decision-making rules generated 



5 th INTERNATIONAL CONFERENCE ON LIFELONG EDUCATION AND LEADERSHIP FOR ALL 
 ICLEL 2019 / July 09-11, 2019/ Azerbaijan State University of Economics-Baku/AZERBAIJAN  

 
 

by analysing previous cases, including successful and unsuccessful ones.(Hwang, 2014) 
 
Hwang's model is fully focused on the student and provides continuous support to the learning process. 
However, the model bases its support on strictly defined support systems and subsystems. The environmental 
context doesn't have an active role here, i.e. it does not support the interaction of the environment, only the strict 
subsystems inserted in the information-communication support system. The new ICT ecosystem developed 
within the confines of the new 5G broadband internet, such as IoT, ubiquitous computing, cloud computing etc., 
will provide new ways of accessing information from the environment, ways that are connected by different 
systems. It is a whole new ecosystem. 
 
7KH�SHUVRQDO�VPDUW�OHDUQLQJ�HQYLURQPHQW�PRGHO�� 
IoT smart environments represent the basic element of creating a contextually aware environment. IoT 
information system promotes creation and usage of context-aware apps which can adapt to environment context, 
with or without user's intent. Context is therefore important because it has the primary role in executing apps 
within the IoT information system and in collecting important parameters during the interaction between users 
and their environment and forwarding that information to other elements which are of importance to the user 
(Das & Almhana, 2018). According to Dey, a system is aware of the context if it uses the context to provide 
relevant information and services to the user, with the relevance depending on the user's task (Dey, 2001). Feng 
points to the goal of interaction or to the interaction itself, but in the context of the environment and the user 
(Feng, 2018). Contextually aware apps can adapt their functions, content and interfaces to their user's current 
situation with less distractions for the user. More specifically, requests like that can reveal context information 
such as locations, networks, persons in the vicinity, physical parameters or objects etc. 
 
A specific IoT information system that uses a contextual environment has the potential to provide support to the 
learning process regardless of time and place. In order to see the possibilities of learning in an environment, 
authors initially dealt with different options ambient learning2 provides. The aim of this was to allow students to 
learn without interruption, i.e. to learn on the move. Research conducted on the matter and the available results 
point to some key ambient learning predictors that affect the development of context learning environments such 
as ubiquitous computing, specific personal students' devices that provide access to information, curriculum 
content design, learning guidelines, content integration, information on the environment and the place of 
learning, success evaluation etc.  (Feng, 2018). 
 
Just like we analysed the importance of the IoT environment when it comes to developing a smart learning 
environment at the beginning, we also have to underline the importance of the student model. The student model 
represents a series of predictors that allow the system to adapt in order to achieve the desired learning outcome in 
the best possible and most efficient way for every student. This is why the aim of the student model is interaction 
between the IoT context environment, set learning outcomes, interaction of the student with the system (publicly 
available information, scientific community, knowledge bases, access to learning objects etc.) and students' 
interaction with other participants in the learning process (other students, teachers) �'XPDQþLü��������'XPDQþLü��
%DNLü-7RPLü��	�ĈROR�&HOL]LF������� 
 
In order to facilitate the development of the personal student model in such an environment, it is necessary to 
develop a personal contextual model, too. Building or modelling the personal contextual model with the 

                                                           

2 Project - Ambient, multimodal and context-sensitive lifelong learning, 2006. 
(http://www.ambientlearning.net/ambient/download/Files/AMBIENT_LEARNING_FINAL_REPORT.pdf) 
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application of IoT represents an important infrastructure for collecting different information, which then enables 
modelling of a personal context. Contextual modelling is necessary to understand a system and its components, 
and it also supports using and reusing information concerning the context between the apps of the system 
environment. The product of this interaction is the contextual model. Authors Temdee and Prasad also 
emphasize the importance of formal representation of the context so that it can be checked for consistency and 
reasonable judgement (Temdee & Prasad, 2018). 
 
During the last few decades, many contextual models have been developed, from simple ones to complex models 
aiming for heterogeneity and context mobility. Contextual modelling also has to take into consideration the 
relationships and dependences of different types of contexts. Building a personal contextual model depends on 
the goal, i.e. the purpose of the model. The act of preparing information for modelling and the procedure of 
model creation and testing can be done by using machine learning3 algorithms and methods, as well as by 
actively using artificial intelligence. 
 
In this paper, we are focused on a personal contextual model which will support smart learning environments. It 
is a specific contextual model which supports and upgrades the student model, but also depends on it at the same 
time. 
 
 

 
 

Picture 1. Personal Smart learning environment 
 
Every student, in fact, possesses a specific student model created on the basis of various physical, social, 
communicology-wise, pedagogical, educational and other features. Creating a student model allows every 
student to master learning objects, communicate with others etc. as efficiently as possible and in the best possible 

                                                           
3�dŚĞ�ĞůĞŵĞŶƚƐ�ŽĨ�ŵĂĐŚŝŶĞ�ůĞĂƌŶŝŶŐ�ŝŶĐůƵĚĞ�ZĞƉƌĞƐĞŶƚĂƚŝŽŶ͕��ǀĂůƵĂƚŝŽŶ�ĂŶĚ�KƉƚŝŵŝǌĂƚŝŽŶ͘�DŽƌĞ�ŽŶ�ƚŚĂƚ�ŝŶ�ƉĂƉĞƌƐ�ďǇ�ƚŚĞ�ŽƚŚĞƌ�ĂƵƚŚŽƌƐ͘ 
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way. This model is not static ± it is dynamic and is being continuously upgraded. The construction of such a 
model must greatly rely on using elements and procedures of artificial intelligence and machine learning due to 
the complexity of collecting and processing information about every individual student. The creation of a student 
model ceaselessly interacts with the personal contextual model, and the two complement each other. 
 
Pedagogical infrastructure encompasses didactic and methodical approaches that promote active learning. Within 
the smart learning environment, a constructivist approach combined with social constructivism promotes 
students' active approach to the learning process and mastering the curriculum content, as well as to their societal 
role. A didactical approach to the constructivist approach interprets learning as an independent process of reality 
construction, which unfolds in interaction with the environment. 
 
Learning is not mere accepting of knowledge, but a process of a student's integration into a knowledge-based 
society. It is therefore my belief that the smart learning environment arises as a need and as an option of the 
current and future knowledge-based society in which students will have an active role. 
The proposed smart learning environment is a dynamic model in which all currently recognized elements form 
an adaptable and active system for every student. It is necessary to emphasize that the interaction between the 
personal contextual model and the student model and students themselves creates a smart learning environment. 
 
Conclusions and Recommendations 
Personal learning environments were created after an extensive study of scientific literature and after analysing 
the possibilities that new mobile and IoT technologies bring, possibilities that will directly impact the education 
process. Smart Cities greatly encourage the development of new technologies and everything that they will bring 
in the future. Education therefore becomes vital for that future; the planning and deliberation about it should 
encompass different technologies, methods and activities. Every individual matters and it is important to develop 
their need for lifelong education in the dynamic environment of the future. Despite technology and all the 
possibilities it brings, we need to examine learning and education as processes aimed at an individual and their 
needs, but also as something aimed at a community as a whole. Different technologies must fulfil the needs of 
every individual over the course of their life. This model needs to be re-examined, changed, proven time and 
time again and adapted to every single student or learner through various research. Within the confines of the 
model, key predictors of the relationship between the conceptual and the student model should also be examined 
with the support of new technologies. 
 
In the near future, we will have to examine and define specific differences between smart learning environments 
and personal smart learning environments, together with the options current and future IoT technologies will 
provide. This is expressed as a scientific and personal research area of interest. 
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