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Abstract. Innovative technology has been revolutionizing the educational experience in tertiary institutions over the past decades. Using novel iBeacon Technology, a mobile application called “iClassPolyU” was developed for collecting
and disseminating information to and from students. The application was employed in four medium to large classrooms and the user experience was evaluated
through a survey. Usage of the application was examined through quiz completion and usage rates. Results showed that each class had a quiz completion rate
of over 80%. Moreover, students believed that their physical participation could
be enhanced by the application and that it was effective, easy to use, and flexible.
Students proposed the inclusion of mixed reality, virtual reality, and augmented
reality in the future. This type of technology provides another pathway for student
learning, an opportunity to give students more control over their learning, and
educators with more information regarding their students.
Keywords: Educational technology · iBeacon/BLE technology · Online Survey
· Mobile application · eLearning technology
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Introduction

Academic achievement is often related to the amount of time and effort students take
to engage with their learning materials. In fact, students who engage more with materials and institutions which emphasize engagement show a positive association with academic success [1-5]. Moreover, there are many pedagogies that aim to engage students
*
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more in learning [6], different types of group work [7], peer instruction [8], writing to
learn and learning to write activities [9], and active learning [10]. These are regularly
advocated to teachers in higher education for achieving improved academic outcomes
for students. Teachers are now expected to be “less an imparter of knowledge and more
a designer and facilitator of learning experiences and opportunities” [11]. Despite the
apparent positive values of student engagement, encouraging teachers and institutions
to engage students more in learning in-class and out-of-class remains challenging [12].
Additionally, balancing internationalization and increasing class sizes [13] makes the
teaching and learning situations more complex. These are both threats as well as opportunities for teachers to adopt pedagogies or approaches related to engagement.
To address the challenges of better engaging university students for quality learning
experiences and increasing teachers’ chances of adopting the necessary changes, improving the physical learning spaces for interactive teaching and learning was deemed
a viable strategy. Literature on “Learning Space Design” indicates growing trends of
learner-centered principles to support multiple types of learning including active, cooperative, and collaborative learning. Projects on this type of learning space design aim
to transform existing spaces into reimagined spaces that connect physical and virtual
worlds, in-class and out-of-class learning, as well as formal and informal learning for
facilitating student engagement [14-17]. However, these projects also imply significant
investments in terms of finance and manpower. A massive redesign of existing learning
spaces at the institutional level has yet to be seen. Thus, a preliminary application utilizing the iBeacon/Bluetooth Low Energy Beacon Technology was developed to create
an innovative system-level enabler, which is economical and easy to adopt, in order to
enrich existing physical learning spaces on campus for engaging learning experiences.
1.1

iBeacon Technology in the Classroom

In the current generation of Bring Your Own Device (BYOB), iBeacon Technology can
be embedded in different existing physical learning spaces (i.e. lecture halls, seminar
rooms, general teaching rooms, laboratories, libraries) with virtual activities or simple
e-activities through the iBeacon transmitters and the companion mobile application.
The goal of which is to allow students to become active explorers through accessing
the e-materials organized by teachers. As both Android and iOS systems are reported
to cover 99.7% smartphone market shares all over the World by May 2017 [18], this
type of technology is accessible to most students.
In practice, using Bluetooth signals, when a student approaches an iBeacon transmitter, the mobile application installed on the student mobile device will prompt the
information available from this iBeacon to display. This technology is not yet extensively used in educational settings and most of the applications are in the commercial
and tourism sectors, e.g. for disseminating advertisements in shopping malls and displaying menus in restaurants. Applications of the technology are often primitive, but
the technology supports both low tech (e.g. video, audio and web information) and high
tech (e.g. AR/MR) content.
The implementation of iBeacon Technology in education could be a new dimension
of “ubiquitous learning” where technology is integrated into the students’ learning environment to enable easy access to learning materials anytime and anywhere [19]. An
example of the effectiveness of this technology and successful implementation in an

educational setting was Mr. Paul Hamilton, who integrated the iBeacon Technology
and tablets to encourage primary school students to learn about coding and promoting
the use of library facilities [20]. This technology adds an extra dimension to learning,
where students are not restricted to a particular location inside the classroom or even
within the classroom itself. Additionally, it allows students to physically explore their
learning environment. Moreover, this technology has been used in higher education so
information regarding the university’s facilities could easily be disseminated [21]. This
introduces the idea of a Smart Campus, as presented by Merode et al. [22] where integrating technology into the campus environment allows dynamic information distribution depending on the audience profile. Other uses of iBeacon technology in higher
education are found in automatic attendance systems and iBeacon-equipped learning
zones. Deugo [23] introduced an iBeacon-based automatic attendance tracking system
to examine the relationship between attendance and academic performance in higher
education science students. McDonald and Glover [24] developed a mobile application
for art and design students with functions providing training resources, sharing learning
materials set by tutors, and a peer review system in different zones of their university’s
studios. Feedback from students indicated that they built a better relationship with the
tutors through the project and were more open to learning inside and outside formal
teaching sessions.
iBeacons can also offer more information, allow downloadable videos, track student
attendance, and offer information specific to the student’s location (e.g. explanation to
use of equipment inside laboratories). Although there may be many potential use cases
of the iBeacon Technology in educational settings, there are very few published studies
in this area. This paper presents the preliminary steps of a creating a mobile application
utilizing iBeacon Technology as an innovative enabler to enrich existing physical learning spaces for engaging learning experiences in higher education.
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iClassPolyU

2.1

Development

A preliminarily mobile application with a companion side client web application was
developed in-house for an initial system evaluation. This system was named “iClassPolyU”. The client-side web application allowed educators to interact with students by
viewing the attendance, participants' questions, and the class discussions. Additionally,
educators could upload educational materials for students to access (Figure 1). The mobile application used Bluetooth Low Energy (BLE) to implement location-based services (LBS) for information delivery to medium and large-scale classes and included
several functions such as attendance, quiz, groups, and discussion (Figure 2). Students
could register on the platform with their student email accounts. The QR code to download the application was available on an instruction card and distributed to all participating students in the class. The mobile application was also available in App Store for
iOS [25] and Google Play Store for Android [26] systems.

Fig. 1. “iClassPolyU” client web application.

Fig. 2. “iClassPolyU” mobile application.

2.2

Implementation

Research was conducted in two phases in October 2017 and November 2017, respectively. In the first phase, two large-scale classes utilized “iClassPolyU” in their classrooms. In the second phase, two medium-scale classes used the system. The application’s functions such as test, group, and discussion were implemented in the pilot as
well as the indoor positioning system. The location-based services in the classroom
were installed with a set of Estimote iBeacons. The learning materials were disseminated and published on the “iClassPolyU” platform by the educators.
Students scanned the QR code from the instruction card and downloaded the “iClassPolyU” application through the Apple App Store or Google Play Store directly. They
then registered the application using their university email accounts. Students would
select the “Be Here” button to record their attendance. Afterwards, they would access

the test page to finish the online quizzes. Students completed the quizzes immediately
after the lectures. These quizzes aimed to strengthen the students’ knowledge on the
topic. Meanwhile, the educator could check how many students were completing the
quizzes and the attendance list would be shown on the web-based platform.
2.3

Evaluation

The quality and effectiveness of learning was evaluated by several measures surrounding student usage. These were the rate of participation, interactions, motivations, and
adaptability. There were two data collection methods. First, data was collected by the
application regarding usage: rate of participation, quiz completion rates, and quiz performance. These data were presented with simple statistics. Second, the student perceptions of the application were investigated through an online survey utilizing Likert
Scale questions and evaluated using the Technology Acceptance Model (TAM) in the
areas of perceived usefulness, perceived ease of use, attitude towards usage, and the
behavioral intention to use the mobile application.
The online survey was carried out in order to collect feedback from students directly.
The survey was based on an initial round of pilot work, with modifications to fit the
specific context of the “iClassPolyU” usage and subsequently developed from the TAM
scales, adapted from Davis [27] and Venkatesh et al. [28]. The survey consisted of two
multiple-choice questions and 12 Likert scale questions. These scale questions measured the “perceived usefulness” (three questions), “perceived ease of us” (three questions), “attitude to usage” (four questions), and “attitude to technology” (four questions). The response scale for all items was a five-point Likert scale where 5 = strongly
disagree, 4 = disagree, 3 = neutral, 2 = agree, and 1 = strongly agree. Finally,
Cronbach’s Alpha was used to assess the internal consistency of the scales.
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Results

3.1

Participating Courses

The application was utilized in large (Course 1 and 2) and medium-sized classes
(Course 3 and 4) and participant numbers per class ranged from 95-14. This was due to
class attendance on the day of pilot implementation. For instance, many of the classes
had approximately 50-75% attendance on the day of pilot implementation. Additionally, participation in this study was voluntary. In the largest class, 97 students attended
the first day and 95 of those students participated in the research. A total of 188 students
used the application during the research period.
3.2

Usage

As stated previously, materials in the application were based on the classroom topics.
Each course had a different number of quizzes. For Course 1, 2, 3, 4, there were eight,
five, seventeen, and seventeen quizzes available to students, respectively. The quiz
completion rate for all four courses was over 84% (see Table 1).

Table 1. Participators of completion rate.
Course 1
(n=95)
Number of Participator’s 91.4 %
Completion Rate

Course 2
(n=41)
89.8%

Course 3
(n=38)
95.8%

Course 4
(n=14)
84.3%

When analyzing quiz performance between the large and medium-scale classes, the
performance of students in the large-scale class was lower than performance in the medium-scale class. Additionally, the standard deviation in quiz performance was calculated. The large-scale class had a standard deviation in quiz score of 0.18 and the medium-scale class had a standard deviation of 0.21. The analysis of the standard deviations demonstrated that the large-scale class had less of variation in quiz grades than
the medium-scale class.
3.3

Perceptions

The TAM based survey was returned by 52 participants via the “iClassPolyU” application. A reliability analysis was conducted in order to check the internal consistency of
the items used to monitor each factor (Table 2). The overall Cronbach’s Alpha score
was 0.89, showing a good internal consistency.
Table 2. Reliability Analysis.
Factors

Items

Perceived usefulness
Perceived ease of use
Attitude of usage
Behavioral intention to use system

3
2
4
3

Cronbach’s
alpha
0.74
0.59
0.78
0.72

The importance of factors related to TAM for student participants was investigated.
When comparing the four factors, perceived usefulness and ease of use were of most
concern to students when using “iClassPolyU” (48% of respondents and 42% respondents, respectively). Overall, student feedback regarding the application tended to be
positive. Particular aspects within the four factors were noted as exceptionally important to students. Students believed that the application would improve their learning
and participation in class and that the ability to observe the progress of their learning
performance with the compatibility of smart devices was vital. Additionally, students
reported that the application was effective in achieving their learning outcomes, easy to
use, and flexible. Finally, students reported they were willing to continue to use the
application as a complementary tool in their learning.
Furthermore, information on the future functionality for the application was investigated with multiple choice questions where respondents could only choose one answer.
Students identified three functions which they believed would enhance the application
and they would like to see in the application in the future. These features are Virtual

Reality (29% of participants), Augmented Reality (27% of participants), and Mixed
Reality (37% of participants).
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Discussion

This study investigated three main areas when implementing the “iClassPolyU” application in two large-sized and two medium-sized classrooms: usage, perceptions, and
future uses. Over 84% of students who were invited to participate on the implementation days in the classroom completed all the quiz tasks available in the application.
While there were differences in student quiz scores, a smaller standard deviation in
scores was identified in the large-sized classrooms than in the medium-sized classrooms. Normally, large classes have more issues related to teaching and learning than
smaller classes [13]. Yet, when the “iClassPolyU” application was utilized in the classroom, fewer differences in learning were identified in the large-scale class than the medium-scale class. This illustrates that with proper implementation, modern technology
with the location-based systems may encourage student-student interaction and enhance the motivation to learn, thus reducing the learning differences in a class.
Additionally, perceptions on the application were collected via a TAM-based survey.
Past research has shown that perceived ease of use and perceived usefulness are the
most vital aspects in adoption of e-learning materials [29]. This research is mirrored by
the findings presented in the results section. Overall, students felt that their physical
participation could be enhanced using the mobile application in the classroom and
agreed that the platform was effective in assisting them to achieve their learning goals.
Moreover, they found the mobile application to be easy to use and flexible. Furthermore,
students reported that they were willing to continue using the application to support
their classroom learning, showing a general acceptance of “iClassPolyU”.
Finally, students felt that the application could be improved with features such as
virtual reality, augmented reality, and mixed reality. These additional features would
be able to augment different existing physical learning spaces such as the classroom
with virtual activities or simple e-activities for facilitating engaging learning experiences [30,31].
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Conclusion

This paper presents findings surrounding student usage of a preliminary mobile application using iBeacon/BLE Beacon Technology. By creating mobile applications for engaging active physical learning spaces, a new pathway for student learning is created
which in turn may assist them in meeting their learning goal if appropriately integrated
into their learning environment. Additionally, immediate feedback from the quizzes allows students to evaluate their performance and assist in self-identification of weaknesses. Applications such as these, especially ones that use iBeacon technology to provide classroom specific information, have the opportunity to revolutionize the classroom experience and give students more control over their learning while providing
educators with more information about their students.

In the future, the application outlined in this paper will be enhanced to include more
advanced functionality such as automatic attendance record taking, self-learning activities such as location-based videos, communication tools for student groups, adaptive
learning support, and AR/VR/MR. Student learning will then be investigated, and findings will be used to support better systems and assist in learning space design to enhance
the learning experience
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