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Abstract

Dynamic technological progress is actively influencing the shape of modern education. 
Inventions that are constantly appearing on the market are often adapted to the needs 
of schools. One of the technologies that shows special potential in didactics is beacons. 
Beacons are small devices that can be used for communication, navigation and researching 
the recipient’s behavior. These functionalities are used in the education process, enabling 
the creation of completely new learning experiences. According to research, they can be 
successfully used in the classroom, during the formal learning process, as well as in various 
institutions, such as in informal transfer of knowledge, for example in cultural institutions. 
These sensors can contribute to the creation of a dynamic space for the exchange of knowl-
edge and experiences, which will automatically respond to the individual needs of the 
recipient. The main goal of this article is to present the possibility of using beacons in the 
context of stationary education. The considerations were based on a review of the available 
literature. The work draws attention not only to the problems of the sensors themselves, 
but also to the possibility of their cooperation with other technologies. The collaboration 
of technical tools may contribute to the creation of more comprehensive solutions and, as 
a result, an increase in the quality and efficiency of the education process. However, as the 
analysis shows – beacons can be a promising technology in education, but their use is niche. 
Perhaps in future years, there will be more such solutions that will enable a more accurate 
assessment of these sensors. The author intends to continue her research to support the 
adoption of the described technology in Polish educational institutions. 

Keywords: technology in education, beacons, Internet of Things, communication with 
students, stationary education, educational projects using beacons

Introduction

The impact of new media on society is becoming increasingly apparent in almost every 
aspect of human life. Transformation in the technological environment has not remained 
neutral for education, which is actively adapting to current trends (Fazlagić, 2018; Hauer, 
2017). Learning processes are becoming increasingly dependent not on the content being 
distributed, but on the way it is delivered (Arnold, 2011; Engeström, 2014). At the same 
time, new media is leading to the creation of a ubiquitous and pervasive digital environ-
ment (Weiser, 1991), which enables the introduction of creative teaching methods and 
continuous individual learning (Herczeg et al., 2019). The transformation of education 
can be considered both in the context of distance learning, hybrid and stationary learn-
ing. Digital technologies are most often associated with the first two forms of education, 
because it is in their nature to use modern communication methods in connection with 
the need to overcome the barrier of distance between the student and the teacher. How-
ever, digitization also extends to residential learning spaces, making classrooms and even 
entire schools and colleges smart (Squires, 2017). At the level of classroom teaching, the 
use of new technologies relates primarily to communication, exchange of resources (e.g., 
information, ideas) and sensory stimulation of students through audiovisual materials 
(Xianyang, 2018). The availability of modern educational tools enables a comprehensive 
transformation of education both through innovations in the deep structure of teaching 
methods, as well as their optimization in the practical dimension (Meisch, 2020). How-
ever, it should be noted that even in the case of new technologies, the human factor is 
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still essential to the success of the teaching process 
(Duman ić, 2019; Gurba & Rimanelli, 2018; Hosu & 
Hosu, 2019). One promising solution is beacons. They 
are a type of sensors that connect to a compatible de-
vice via Bluetooth and transmit information. Beacons 
can contribute to the creation of an educational space 
by composing a virtual learning experience while the 
student is physically present in the classroom. Tasks can 
be carried out individually or in a group in the learning 
process through play.

The evolution of digital technologies, their functions 
and possibilities enable the creation of a virtual learning 
environment (VLE). It is a dynamic concept that includes 
digital solutions in courses – both online and as a com-
plement to traditional direct forms of education (Alves 
et al., 2017; Valsamidisa et al., 2014). This, in turn, can 
improve the attractiveness and value of messages, and 
as a result, have a positive impact on their reception, 
increasing the interest of students and the effectiveness 
of learning (Xianyang, 2018). Digital forms of education 
in this case create a one-to-one relationship with the 
student by creating a personal learning environment 
(PLE), which means systems supporting the individual 
achievement of educational goals using a package of 
appropriate tools and materials (Xu et al., 2020). The 
combination of both of these concepts (VLE and PLE) is 
the basis for constructing an intelligent learning space 
that can be called SMART Classroom.

The main goal of this article is to present the possi-
bility of using beacons in the context of stationary edu-
cation. It was decided to focus on this form of learning 
because the sensors require the physical presence of 
the user to connect with them. This eliminates their 
usefulness for distance education. The considerations 
were based on a review of the available literature. The 
criteria of its selection are described in the methodol-
ogy section. Organizing the existing knowledge on this 
subject may help educational institutions in making de-
cisions about using sensors in teaching and getting to 
know their full capabilities. As a result, it may suggest 
directions for creating more comprehensive solutions 
that will be able to contribute to a real improvement 
in the level of education.

Beacons as a new digital solution 
in the field of education

Permeation of the education sector by modern 
technologies has long been a common and desired 
phenomenon. Profiling didactics based on said devel-
opment is a natural social process. The use of modern 
tools makes it easier to involve students in the classes. 
Moreover, as technological development has already 
become an integral part of society, the next genera-
tions of students increasingly expect it to be used 
in the classroom. This trend has a positive context. 
Properly used technologies can create a long-term 
positive impact on the effectiveness of education. 
Research by Ozerbas and Erdogan (2016) identified 
three basic determinants leading to a positive impact 
of multimedia on didactics:

• increasing the motivation of participants of the 
classes thanks to increasing the audiovisual at-
tractiveness of the educational materials,

• the possibility of access to educational materials 
that are unlimited in time and space,

• making communication between students more 
attractive and fluid.

However, it should be emphasized that the ob-
served positive impact of digital tools in education 
depends on the effective symbiosis of technology 
and the curriculum (Sinclair, 2009). What is more, this 
integration also allows information on the involve-
ment of students and the achievement of goals to be 
collected, and as a result, a more effective validation 
of learning outcomes (Fjørtoft, 2020).

Especially technologies in the area of the Internet of 
Things have great educational potential. Their use can 
generate a number of benefits for both the student and 
the teacher (cf. Atherton, 2019; Glover & McDonald, 
2016; Kriz et al., 2016; Wu et al., 2016; Zimmerman 
et al., 2016). They can be used in a variety of institu-
tions aimed at sharing knowledge, not only strictly 
educational, but also cultural, training and rehabili-
tation (e.g., social, psychological) organizations and 
others (Gmiterek, 2017; Lee & Choi, 2016; Manczak 
et al., 2020). One of the essential components of the 
Internet of Things are beacons. These are small sen-
sors that use the Bluetooth communication standard 
to connect with devices running compatible software. 
In this article, both terms will be used interchangeably. 
Beacons enable user microlocation, data collection, 
and automatic transmission of programmed informa-
tion (Bajak, 2019; Manczak et al., 2020). Their proper 
operation requires the use of a mobile application 
(Garg & Shukla, 2016; Manczak et al., 2019) which, on 
the one hand, enables the use of the devices, and on 
the other, determines their scope of operation. The 
fundamental tasks of beacons include detecting other 
devices, initiating a connection, and transferring data 
(de Cerio et al., 2017). Considering beacons from the 
perspective of communication with the user, their six 
basic functions can be distinguished in this regard 
(Sanak-Kosmowska et al., 2018):

1. Information function – providing the user with 
specific data on entering the sensor’s range. 
The recipient receives a package of information 
that has been pre-programmed by the sender. 
The transferred knowledge can be tailored to 
individual needs, preferences and interests 
(Manczak et al., 2020). In the context of educa-
tion, it will be based on providing educational 
materials to students.

2. Interactivity function – sending notifications as 
a result of a specific user behavior and actions 
taken by the user, as well as allowing messages 
to be responded to, for example, by answering 
or selecting one of the options. Communication 
can also be initiated by the user, if he/she sends 
a message via the application, informing, for 
example, about the need to help him/her – the 
beacon can indicate his/her location in such a sit-
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uation (Bajak, 2019). This feature can ensure con-
nectivity and interactivity in the classroom and 
support group work and educational games.

3. Navigation function – locating the user in space 
and showing him/her the way forward. Sen-
sors can also be placed on objects to be able 
to find them quickly if needed. An important 
advantage of sensors is the fact that they are 
effective with high accuracy in navigation both 
inside and outside the building (Dudhane & 
Pitambare, 2015; Handojo et al., 2020; Zhao et 
al., 2014). At school, it can become a useful tool 
for gamification and movement games.

4. Research function – collecting data about the 
user about his/her behavior in real and virtual 
space. Monitoring the recipient’s behavior is 
possible primarily thanks to the opportunity 
of microlocation by devices (Yamaguchi et al., 
2017) and observation of their individual reac-
tions to information and notifications appear-
ing in the application after coming within the 
sensor’s range. It can make it possible to collect 
information about students, their progress, 
strengths and weaknesses, and, as a result, to 
personalize the learning process.

5. Promotional function – activating sales and 
promoting various events, actions and social 
initiatives. The user is sending offers and mes-
sages based on the information collected so far 
about him/her, as well as his/her location – for 
example, when he/she is next to a given room, 
he/she receives information that in a few hours 
there will be a speech that may be of interest to 
him/her. On campus, it can support the promo-
tion of entertainment and science events aimed 
at students.

6. Image function – shaping the desired image of 
an institution thanks to various actions carried 
out with the use of beacons. The very fact and 
the specific way of using sensors also contribute 
to shaping a specific profile of the organization 
in the perception of the recipient (Bajak, 2019). 
For schools, beacons can be a tool for building 
the image of a modern institution open to the 
needs of students.

Applications that use beacons may implement all 
of them simultaneously or be based solely on one or 
more of them. Moreover, all indicated functionalities 
can be used in education. In practice, three of those 
functions are most commonly used: information, 
interactivity, and navigation (Figure 1) as they are 
relatively easy to implement while, for instance, the 
research function, requires the whole teaching and 
learning process to be rethought in a way that the 
data collected by beacons can help to personalize 
and enhance it to be used effectively. Therefore, the 
indicated functions should be analyzed first as the 
basis for solutions using beacons.

In the context of these considerations, it is neces-
sary to emphasize that the basic functionalities of 
beacons can be extended as a result of equipping 
these devices with solutions such as, for example, 
Internet access, GPS transmitters (Bajak, 2021) or 
the use of various complementary technologies as 
part of the application supporting the sensors, which 
recognize, for example, augmented reality or artificial 
intelligence mechanisms. 

Beacons as digital support for classroom 
teaching

Digital technologies have become an integral part 
of education (Selwyn, 2016). Various technological 
achievements, often initially implemented for the 
needs of completely different industries, ultimately 
find their application in teaching. It was no differ-
ent with beacons. They are used both in the formal 
learning process in educational establishments and 
in the informal transfer of knowledge, for example 
in cultural institutions. These devices require direct 
contact with the recipient, so they are used only in 
projects carried out stationary. Beacons can con-
tribute to transforming a classroom into a dynamic 
space, which creates conditions for learning through 
experience (Wan & Hodgson, 2019). The user may 
also have remote access to previously shared con-
tent via devices, which is true for hybrid forms of 
learning (cf. Griffiths et al., 2019), where sensors 
are, however, part of the real environment (schools, 
universities, etc.).

Figure 1
Main functions of beacons in education 

Source: author’s own work.
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Beacons can contribute to the creation of an educa-
tional space by creating a virtual learning experience 
while the student is physically present in the class-
room. Sensors connect the real and digital worlds by 
creating the possibility of education through empirical 
learning without leaving the school (Bajak, 2019). Tasks 
can be carried out individually or in a group in the 
learning process through play. These sensors are there-
fore a specific stimulus to build a broad and dynamic 
educational community that functions in parallel in the 
physical and digital spaces (Glover & McDonald, 2016). 
Their use generates a number of benefits – significant 
both from the teacher’s and student’s perspectives 
(Table 1). They make it possible to create a variety of 
lesson scenarios thanks to active access to content in 
the application (Kriz et al., 2016). As a result, they can 
facilitate, extend, and complement the education proc-
ess (Glover & McDonald, 2018). According to research 
conducted by the team of Wu, Young and Wen (2016), 
their use supports deep learning and may contribute 
to the progress of scientific development achieved by 
students. Moreover, Zimmerman et al. (2016) draw 
attention to social interactions related to the use of 
sensors in the educational process. This applies to both 
beacon-stimulated scientific conversations between 
students (descriptive and conceptual), as well as the 
increase in the effectiveness of communication with 
the teacher and the resulting feedback. The observa-
tions of Atherton (2019) confirm the findings of other 
researchers so far. They also emphasize the possibility 
of personalizing the learning path for an individual 
student – controlling the pace, level of difficulty, and 
the challenges posed to him/her.

Beacons can be a helpful tool for carrying out tasks 
based on the core curriculum, as well as for conducting 
educational and integration games. However, proper 

involvement of students with the use of digital tools 
requires conscious pedagogical work. The quality of 
education carried out with the use of sensors depends 
on the specific capabilities of the software supporting 
the sensors. If it is unintuitive, and the prepared tasks 
and games turn out to be non-engaging, the experi-
ence of using the discussed devices will be negative 
for students. When deciding on solutions based on 
beacons, teachers are responsible for the development 
or selection of a platform that will create a space for 
the exchange of knowledge and experiences and will 
realistically contribute to enriching the lessons. This 
requires that they understand the solution being 
introduced, and its strengths and weaknesses, and 
that they define specific goals for its use. It is also 
worth examining the affinity of the sensors with 
other technologies. The introduction of compatible 
technologies may lead to the creation of completely 
new educational experiences.

Beacons as a part of the SMART classroom

The digital revolution has contributed to the crea-
tion of a paradigm of change in society, economy, and 
education, the dynamics of which is influenced, among 
others, by the widespread creation of technological 
combinations (Schwab, 2017). This tendency also ap-
plies to beacons (Bajak, 2021), which can be integrated 
in any way. The collaboration of beacons with other 
technologies can help create an environment that can 
be described as the SMART Classroom (cf. Bdiwi et al. 
2019; Li et al., 2015; Lu et al., 2021; Phoong et al., 
2019; Temkar et al., 2016). It is a concept assuming 
the creation of an intelligent educational space based 
on technologies from the sphere of the Internet of 
Things (Temkar et al., 2016) and other solutions in 

Table 1
Basic advantages of using beacons in education

Advantages for the teacher Advantages for the student

• possibility of implementing dynamic lesson plans • creating opportunities for learning through experience and 
fun

• opportunity to develop a variety of exercises – both group 
and individual • attractive form of shared materials

• building class commitment • stimulating scientific and social interactions between 
students

• facility of increasing the quality of communication with 
students

• capability of increasing the quality of communication with 
the teacher

• possibility of obtaining detailed feedback • providing individual materials at a convenient time for the 
student

• ability to observe and analyze the individual reactions of 
students to the materials provided • possibility of personalizing the learning process

• opportunity to examine the effects of conducted classes • facility of monitoring scrupulously achieved progress

• automation of selected processes, e.g. checking presence, 
sharing educational content

• increased involvement in the implementation of exercises 
thanks to their engaging and innovative formula

• capability of stimulating students’ progress through 
gamification

• possibility of competing with other people in the form of 
games and activities, and receiving prizes

Source: author’s own work.
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the field of ICT (Bdiwi et al. 2019). SMART Classrooms 
enable the automatic distribution of educational 
and instructional materials, create a personalized 
environment for individuals and groups, and support, 
adaptive and mobile learning and all other activities 
related to didactics (Li et al., 2015; Pace, 2017). The 
Internet of Things involves connecting various devices 
and objects using solutions such as a local computer 
network, Wi-Fi, RFID, Bluetooth, ZigBee, 3G, 4G, and 
other wireless technologies (Hassan, 2016). Within 
this context, it is worth mentioning that beacons are, 
by definition, part of the Internet of Things (cf. Aftab, 
2017; Bhargava, 2017; Miller, 2015; Pathak & Bhandari, 
2018; Raj & Raman, 2017). Therefore, they should be 
treated as an integral part of the system connecting 
smart objects. The created network may be character-
ized by a different complexity of the structure (Zhang 
et al., 2010), which translates into the functionalities 
implemented by a given system. The development of 
the network with new components translates into 
the extension of the possibilities of its use and, as 
a result, an increase in usability. In the case of beacons, 
the above-mentioned data exchange standards can be 
implemented in two ways:

• direct retrofitting of beacons with additional 
transmitters enabling data exchange in a dif-
ferent standard (e.g., LTE),

• developing a network of intelligent objects by 
adding new devices to it that directly or indi-
rectly cooperate with beacons.

In both of these cases, the functionalities available 
within a given system are extended, and as a result, 
its scope of possible applications increases.

In addition to solutions in the area of the Internet of 
Things, the SMART Classroom also uses other solutions 
in the area of ICT. The most popular of them are virtual 
and augmented reality, as well as artificial intelligence. 
These solutions also have significant educational po-
tential (Keser & Semerci, 2019; Raman & Rathakrishnan, 

2019). For example, beacons respond to user behavior 
and transmit information (Manczak et al., 2020), while 
VR / AR provides sensory stimulation (Ding et al., 2020). 
Such a combination draws attention in particular in 
the context of the possibility of creating educational 
games. The indicated technologies complement each 
other by creating a platform for interactive gamification 
that affects the senses. In turn, benefiting from the use 
of AI-based methods cooperating with technologies 
such as beacons is part of a novel and practical topic 
for technological development (Kose & Vasant, 2020). 
Sensors can locate the user and provide him/her with 
specific knowledge in the right place and time, while 
artificial intelligence is able to diagnose problems, 
analyze learning processes, independently adapt and 
generate personalized educational materials (Arnold 
et al. 2012), which in turn creates perspectives for 
creating comprehensive educational systems. The con-
solidation of technologies with particular perspectives 
in the area of learning can therefore have numerous 
advantages, such as, for example:

• extending the functionality of educational pro-
grams,

• ability to create an interactive and intelligent 
environment that affects the user’s senses,

• a more effective adaptation of educational pro-
grams to the needs of individual users, including 
those with various dysfunctions,

• possibility of conducting multifaceted analyses 
of the educational process and its effects,

• supporting the processes of remembering and 
consolidating knowledge in the memory of 
students through their stimulation with various 
stimuli involving individual senses.

In the light of the presented considerations and 
a thorough analysis of the literature on the subject, 
it can be indicated that beacons show educational 
potential (Table 2). However, these devices should 
be considered in a broader context – as one of the 

Table 2
Potential of using beacons in education

Beacons Information function Interactivity function Navigation function

As 
standalone 
devices

• automatic sending of materials 
on coming within range of the 
device

• sharing content with the stu-
dent in the right place and time

• ability to generally personalize 
content

• supporting the exchange of 
experiences between students

• facilitating tutoring
• collecting information about 

the effects of the work
• mutual communication about 

the effects of the work

• supporting the implementation 
of educational games based on 
the user’s location

• supporting user orientation in 
the space

• automating the process of 
checking attendance

As part of 
the SMART 
Classroom

• conveying content that affects 
the sensory experiences of 
students

• adjustment of shared content 
based on the individual 
characteristics of the student,

• creating a dynamic space for 
knowledge transfer.

• increase in the interactivity of 
the system

• independent analysis of the 
obtained feedback and drawing 
conclusions by the system

• automatic adjustment of the 
system to the needs of students

• creating a realistic interaction 
based on current conditions

• possibility of implementing 
complex field games and 
gamification

• augmenting reality based on the 
user’s location

• creating an interactive 
educational space that reacts to 
user behavior in real time

Source: author’s own work.
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elements of the Internet of Things that can cooperate 
with other technologies.

It is worth pointing out that with a high degree of 
probability, the cooperation of beacons with other 
solutions in the area of ICT may lead to the accu-
mulation of possible benefits. The use of beacons in 
cooperation with the discussed solutions, as well as 
any other educational solutions, can transform the 
classroom into an intelligent space that analyzes the 
environment, adapting to the current conditions, con-
tributing to an increase in the quality and efficiency of 
the teaching process (Gligoric et al., 2015).

Research methodology

Until now, most of the articles on the use of beacons 
in education were based solely on the analysis of single 
implementation examples, or presentations of projects 
of this type of system. This is a selective approach that 
does not take into account the comparison between 
different solutions. Moreover, the literature lacks in-
dications of their usefulness in education in a broader 
context that goes beyond the research conducted by 
the authors. This creates a research gap that needs 
to be filled. To accurately illustrate the potential of 
beacons in education, it was decided to first analyze 
the practical examples of their use in this area based 
on the secondary data. It is a preliminary literature 
review on a given topic, which will be used in the fu-
ture for further quantitative and qualitative research. 
Reports, interviews and articles were used (Estimote, 
n.d.; Freehill-Maye, 2018; Fusco, 2016; https://unc-
checkin.unc.edu; Loughborough University, 2018; 
Radda & Hultin, 2018; Raths, 2018; Śpiechowicz, 2018; 
University of Regina, n.d.; Zimmerman, 2018), as well 
as data available from the App Store (https://www.ap-
ple.com/pl/ios/app-store/) and Google Play (https://play.
google.com/store). The analysis was further supported 
by a review of world scientific literature. Some of the 
discussed solutions have been previously described in 
the form of case studies by other researchers (Bhat-
tacharya, 2017; Burton et al., 2017; Dent et al., 2018; 
Griffiths et al., 2019; O’Connel & Frydenberg, 2019; 
Zhu & Xie, 2019). These considerations will constitute 
the theoretical foundation for further research on 
the use of beacons in education. At the same time, 
it should be emphasized that this topic still does 
not have a strong theoretical and practical basis. It is 
necessary to organize the knowledge on this subject 
and conduct empirical research. The main goal of this 
article is to present the possibility of using beacons in 
the context of stationary education. It was decided to 
analyze the possibilities, including the usefulness of 
the solutions that use beacons. The following specific 
questions were prepared:

• What tasks does the system perform?
• What new technologies support the solution?
• Is this software used in education?
As part of the work on this publication, available 

sources of knowledge were searched for information 
on university applications that use beacons. As a re-

sult, information on only 18 projects was obtained. 
The conducted research only fills the outlined research 
gap to a limited extent. They are only the first step to 
further analyses that are planned for implementation 
in the future. However, they helped to identify the 
spectrum of the use of beacons at universities and to 
indicate the directions of planned research.

Practical implementation of beacons 
in education

As part of the considerations, on the basis of 
the available sources of information, projects from 
18 universities in Europe, North America and Asia 
were compared (Table 3). These are all of the projects 
about which the author was able to find information 
and which met the assumptions of the research. In 
order to be classified for comparison, the systems 
had to fulfil the following conditions:

• be implemented at universities,
• use beacons as an important element,
• be widely available and downloadable.
The selected projects were compared with each 

other in terms of the technologies used, the possibility 
of application in the education process, and the main 
goals of implementation.

Despite the potential of the use of beacons in the 
education sector, there are still few practical imple-
mentations of this type of solution. Moreover, as the 
comparison shows, only two of the studied cases 
(11.1%) were used in the teaching process during the 
classes (projects no. 4, 13). Most of the projects (66.6%) 
are aimed at assisting the user with navigation and 
providing information about the environment. Most 
of them show the user around the campus, but some 
are directed only at locating him/her in only a limited 
area, such as a library (projects no. 7, 8, 11, 18) or an 
arboretum (project no 6). An important area of activity 
of the analyzed beacon-based applications is also the 
promotion of university events (projects no. 1, 2, 5, 9, 
13, 14). Another task of the discussed solutions that 
deserves attention is to ensure the safety of students 
on campus (projects no. 3, 16, 17). In view of the Co-
vid-19 pandemic, this is an application that may grow 
in importance. Research shows that beacon-based 
solutions can support the detection of contacts with 
people infected with the SARS-Cov-2 virus (cf. Martin 
et al., 2020). Many European countries have chosen 
to base their official applications to limit the spread 
of the disease on solutions based on the beacon 
mechanism (cf. Barthe et al., 2021). Some solutions 
are focused solely on providing entertainment, such 
as the University of Illinois application (project no. 12), 
which shows places such as bars, cafes, and clubs. It 
also shows users where their friends are having fun. 
We cannot speak of any educational benefit here. 
Considering the discussed solutions from the perspec-
tive of the beacon function in communication with the 
user, the most important should be the information, 
navigation and interaction functions (Table 4), which 
confirms the assumptions made earlier. Interestingly, 



e-mentor nr 3 (90)   79

Potential of beacons to enhance teaching and learning...

Table 3
Overview of universities using beacons

No. Institution Technologies used Used in 
education Main tasks

1. American University
Beacons, Virtual 

Reality, Augmented 
Reality

No

• guided tours around the campus
• applying augmented reality objects to the surroundings
• providing information about services offered on the 

campus and events taking place
• 360° video sharing

2. Bentley University Beacons No
• providing information about facilities located on the 

campus
• sending notifications about nearby events

3. Columbus State 
University Beacons No

• increasing the safety of students
• ability to report suspicious behavior
• indicating the location of students to the security 

services

4. Hong Kong 
Polytechnic University Beacons Yes

• checking presence
• running quizzes and games
• sharing information and files

5. Loughborough 
University Beacons No

• checking presence
• sharing schedules
• navigating around the campus
• sending notifications about events

6. Penn State University Beacons No • locating the user
• sending information about nearby objects

7. Radford University Beacons, QR Codes No • organization of outdoor games and activities
• encouraging exploration of the library

8. St. John’s University Beacons No
• navigating through the library
• indicating the location of the books you are looking for
• information sharing

9. Stony Brook 
University

Beacons, NFC, QR 
Codes No

• sending information and multimedia
• navigating around the campus
• promoting events

10. Texas Agricultural and 
Mechanical University Beacons No • navigating around the campus

• alerting about threats

11. University of 
Edinburgh Beacons, QR Codes No • navigating through the library

• sharing information and files

12. University of Illinois Beacons No
• navigating around the campus
• sending information about attractions and events
• indicating the location of friendly users

13. University of Hawaii 
Maui College Beacons Yes

• managing groups of students
• submitting tasks
• providing information about services offered on the 

campus and events taking place

14. University of Lodz Beacons No

• navigating the campus and the city
• sending information about attractions and events
• sharing knowledge about educational programs and all 

necessary documents

15. University of North 
Carolina at Chapel Hill Beacons No • checking attendance

16. University of 
Oklahoma Beacons No • navigating around the campus

• indicating a safe location in the event of an emergency

17. University of Regina Beacons No • sending information when a threat is detected

18.
Virginia Polytechnic 
Institute and State 
University

Beacons No
• navigating through the library
• transmission of information and files
• conducting quizzes

Source: author’s own work.



Education worldwide

80   e-mentor nr 3 (90)

none of the researched projects is aimed at using the 
research function of beacons (data collection and 
analysis)1.

Interestingly, only four researched applications 
(projects no 1, 7, 9, 11) use other technologies apart 
from beacons. All others are based solely on sensors. 
Most of them (projects no. 7, 9, 11) are supported by 
other technologies including solutions from the area 
of the Internet of Things. Only one solution (project 
no. 1) uses virtual and augmented reality. However, 
there is no indication that any of the analyzed software 
makes significant use of artificial intelligence. These 
mechanisms are not used to upgrade the functionality 
of the system, but only to support it to the necessary 
extent. Due to the purpose of the projects, we cannot 
describe any of them as a SMART class. As defined in 
this article, it is a concept assuming the creation of 
an intelligent teaching space based on cooperation 
between various solutions from the sphere of the 
Internet of Things. None of the examined solutions 
create such a multidimensional educational space.

It is worth noting that apart from official university 
applications, some universities conducted research 
involving the design of solutions based on beacons. 
For example, at universities such as the University of 
Economics in Bratislava, Chalmers University of Tech-
nology, Gothenburg, and the Asian Institute of Tech-
nology, such programs were designed and tested by 
research teams and students (cf. Glover & McDonald, 
2016; Jurkovičova et al., 2015; Karlsson et al. 2016; 
Puckdeevongs et al., 2020). However, despite positive 
user feedback, they were not implemented on a larger 
scale. In order to indicate the reasons for resignation 
from the implementation of the above-mentioned 
solutions and a small number of implementations of 
systems cooperating with beacons, further research is 
essential. The indicated problem is also discussed in 
other scientific papers on sensors that concern their 
use in various public institutions. The authors point 
to barriers such as (Bajak, 2021; Karlsson et al. 2016; 
Manczak et al., 2020; Puckdeevongs et al., 2020):

• limited sources of financing,
• insufficient knowledge of the technology by 

users,

• occurrence of technological imperfections (e.g. 
devices do not always connect to the applica-
tion, software errors).

Difficulties such as skepticism and unfamiliarity 
with the solution by recipients can be reduced by 
properly conducted education and marketing com-
munication. Educational establishments can actively 
contribute to disseminating the solution despite initial 
audience concerns. On the other hand, limitations 
related to incorrect operation of devices are more 
difficult to combat by educational institutions. Their 
occurrence is influenced by technology providers 
and solution developers who should strive to offer 
a well-functioning system. In this area, good practice 
includes testing the beacons and compatible applica-
tions before implementation, regular monitoring of 
their operation, and exchange of experiences with 
organizations that previously decided to use the 
sensors.

Summary

The literature analysis shows that beacons show 
potential as devices supporting stationary education. 
They can be used to achieve educational goals both 
as part of systems based solely on this solution, and 
can be supported by other technologies. Especially 
the latter solution seems to be attractive. It is creating 
perspectives for the implementation of the SMART 
Classroom concept. The practical implementation of 
this idea enables the achievement of four basic ben-
efits in the context of education (Li et al., 2015):

• integration of the virtual and physical envi-
ronment creates the capability of contextual 
awareness of the technological solutions used, 
manifested by the possibility of adjusting indi-
vidual parameters to the current conditions,

• providing adaptive support for the educational 
process, personalization of teaching content, 
interaction support, as well as support for con-
ducting classes of various profiles,

• creating the possibility of collecting, storing 
and analyzing data to optimize the teaching 
process,

Table 4 
Functions of beacons in the considered solutions

Function Percentage of all solutions Project numbers

Information 72.2% 1, 2, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14, 18

Interactivity 61.1% 2, 3, 4, 5, 6, 7, 10, 13, 15, 17, 18

Navigation 66.7% 1, 2, 3, 5, 7, 8, 9, 10, 11, 12, 16, 18

Research 0% –

Promotional 38.9% 1, 2, 5, 9, 12, 13, 14

Image function 22.2% 1, 9, 12, 14

Source: author’s own work.

1 Checking presence is treated as part of the interactivity function.
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• introducing students into the context of classes 
thanks to digital educational aids, stimulating 
participants’ motivation, engaging their crea-
tivity, and creating opportunities for practical 
learning.

Unfortunately, there are still too few practical im-
plementations of this type of project to confirm these 
assumptions with certainty. Only a few universities 
around the world use beacons in their applications. 
Moreover, the vast majority of them do not use the 
devices for educational purposes. Identifying the 
reasons for this state of affairs comprises a research 
gap that requires analysis and searching for answers. 
Therefore, further implementations should be moni-
tored and research in this area should be continued.

The potential of using beacons in education, as 
discussed in this study, is an important issue for 
further analysis. Although this topic appears in the 
literature quite frequently, it is usually presented in 
general terms as part of the analysis of other cor-
responding issues. Currently, only a few works deal 
with the matter of the use of beacons in education 
in an extensive way. In most cases, the attitude of 
the authors toward this technology is approving (cf. 
Atherton, 2019; Glover & McDonald, 2016; Kriz et al., 
2016; Wu et al., 2016; Zimmerman et al., 2016), and 
a comprehensive analysis of the technology is still 
missing in the context of didactics. The presented 
work focuses on the advantages of using beacons in 
education, while the possible difficulties generated 
by beacons are only mentioned. This thread will be 
supplemented in the future. In addition, it is planned 
to conduct qualitative and quantitative research at 
universities in Poland that decide to implement the 
solution. This will make it possible to give a practical 
context to the considerations on beacons that have 
been conducted so far.
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