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Abstract— The use of wearable technology in education can
significantly help educators to engage the students more with the
learning. By providing users with hands-free access to
contextually relevant knowledge, wearable technologies are
poised to inspire a new generation of mobile learning design.
However, for educators to harness the pedagogical opportunities
of wearable technologies and to implement it in MOOC
platform, this paper proposes a framework for enhancing the
learning experience in technical MOOC using wearable
technology. In addition, we also identify the elements of
wearable technology that is suitable to be implemented in
teaching and learning, elements of technical MOOC to be
combined with wearable technology elements and student
engagement elements. The main measurement for enhancing
learning experience is based on the level of students’ engagement
(measure through course completion) and students’ skill
development (measure through direct observation, interview,
and questionnaire). The students reflected as fully engaged with
the online course when they able to actively participate and
complete the course and in contrast, when the students are
unable to complete the course, this reflects that they are not
engaged with the online learning. Thus, the proposed
framework will work as a guideline for lecturers and educators
to create effective and engaging MOOC learning design,
especially for technical courses.
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I. INTRODUCTION

The influence of technology innovation continues expanding
and impacting all industries as it evolves including in the
education field. In education, the technology roles have
directly and indirectly changed the design and delivery of
teaching and learning process. Devices like smartphones and
tablets are starting to replace conventional classroom
teaching and learning system. This change has brought a
paradigm shift especially in the field of higher learnings
institution. This scenario affecting the teaching practices and
the ways of students acquire knowledge. Thus, to be in line
with the current technology change, it is a must for higher
learning institutions to continuously figure out latest and
innovative solutions to improve the current teaching and
learning process.

One of the solutions is by adapting teaching and learning
process with online learning. MOOC is one of the most
rapidly growing online education based learning. Basically,
the main purpose of online learning is to offer its learners with
access to educational materials at their own pace and time, as
well as lowering the average educational learning cost [1].

MOOC is a tuition-free course taught over the internet which
allows virtually anyone to attend the course. As reported by
Class Central up until December 2017, there are more than
17,000 courses being offered, which enrolled by more than
100 million students, offered by 57 MOOC platforms and
adopted by more than 23 countries all over the world [2]. The
courses offered cover all the fields which can be categorized
into technical courses which are technical and business
courses; and non-technical courses which are humanities and
social science courses.

One of the key concern of MOOCSs as reported by [1] and
[3] in their study is a high learners’ dropout rate. The study
also highlighted on several sources indicating that about 5%
to 15% of MOQCs participants finish the courses on average
[4, 5]. The low completion rate in MOOC is a result of lack
of enthusiasm in the course engagement to motivate learners
toward participation. Underpinning MOOC high dropout rate
and retention issue, few solutions by previous studies
suggested MOOC improvement from the pedagogical criteria
[6-8], technical criteria [8, 9], and to include additional
engaging online elements, such as gamification [10-12],
animation [13-15], and social feedback [16, 17] in order to
engage and motivate the students more with the learning
process

Engaging students in MOOCs environment, especially for
non-technical subjects, was suit very well. However, there are
few challenges for all educators in creating effective and
engaging technical MOOCs. This is because technical
MOOCs must able to offer practice-oriented learning for the
MOOC course to be effective and engaging [9, 18, 19]. Thus,
few previous studies in the field of electrical and electronics
suggested to include the element of the virtual and remote
laboratory in developing technical MOOCs [9,20-22]. Garcia,
et al. [9] in their study explained that they included a remote
laboratory platform Virtual Instrument Systems in Reality
(VISIR) in their MOOC course and most of the MOOC
videos focusing on handling the remote laboratory
instruments. However, the authors highlighted that there is a
limitation when working with the remote laboratory as it is
not the same when dealing with the real circuit
implementation where the lecturer existence element,
showing the real circuit demonstration is a must [9, 22].

Another technical online learning field which appealed
great attention recently by researchers is in the field of
healthcare. Few studies [23-25] suggested to include the use
of wearable technology, where in this case the researchers
used smart glasses as it wearable technology, as one of the
tools in helping the lecturers during the teaching and learning
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process. The output from wearable technology also able to
engage the medical students more with the learning process.
Smart glasses are wearable computing devices in the form of
computerized eyeglasses that function to add information into
reality or assist people to see better [26] Smart glasses collect
information from internal or external sensors, retrieve data
from other instruments or computers and support wireless
technologies like Bluetooth, Wi-Fi, and GPS [26]. The
recording ability possesses smart glasses able to capture the
first-person view and real-time video especially for training
purpose [23-28]. However, the used of smart glasses
especially in MOOC environment is still in the early stage
due to the creation of technical MOOC involved significant
challenges to support practice-oriented learning [9, 18, 19].

Due to the above issues addressed in the development of
technical MOOC, the purpose of this study is to propose a
framework for enhancing the learning experience in technical
MOOC using wearable technology, wherein this study we are
using smart glasses. The main measurement for enhancing
learning experience is based on the level of students’
engagement (measure through course completion and
students’ retention) and students’ skill development (measure
through direct observation, interview, and questionnaire). As
per the suggestion in self-determination theory (SDT) [29,
30] when applied to the realm of education, is concerned
primarily with promoting the students an interest in learning,
a valuing of education, and confidence in their own capacities
and attributes. These outcomes are manifestations of being
intrinsically motivated and internalizing values and
regulatory processes. Research suggests that these processes
result in high-quality learning and conceptual understanding,
as well as enhanced personal growth and adjustment [29].
The students reflected as fully engaged with the online course
when they able to complete the course and when the students
are unable to complete the course, this reflects that they are
not engaged with the online learning. Thus, the proposed
framework will works as a guideline for lecturers or educators
in creating an inspiring, engaging, and emotionally-centered
online learning course as well as on the same time able to
enhance the student’s learning experience especially in
learning technical courses.

A. Research Objective

The purpose of this study is to propose a framework for
enhancing the learning experience in technical MOOC using
wearable technology.

B. Research Question

The main highlight research questions that guided this

study are as follow:

e RQ 1: What are the elements of wearable technology
that is suitable to be implemented in teaching and
learning?

e RQ 2: What are the suitable elements to be used in
developing technical MOOC?

e RQ 3: What is the suitable theory to improve online
learner engagement and motivation?

Il. LITERATURE REVIEW

A systematic review method has been implemented which
collects and critically analyzed all required information and
supporting materials to identify the suitable dimensions and
elements in designing the proposed framework. The literature

search was conducted mainly from the online databases
which are Scopus, ScienceDirect, and IEEE Xplore. The
search terms used in all online database are (“wearable
technology” AND “smart glasses”) and (“MOOC” AND
“engagement” OR “student engagement”). Literature
searches conducted in the last five years and search keywords
used for all areas (including title, abstract, keywords, and full
text). The literature search results are included in Table 1.

Table 1
Literature search results from the online database

Online Database = Total Result (wearable Total Result
technology) (MOOC)
Scopus 113 205
IEEE Xplore 286 30
ScienceDirect 332 176

Based on the first search on previous studies, the results were
then being further screening as per below criteria:
e Studies that highlight on wearable technology elements,
MOOC elements, and student engagement elements
e Studies that are focusing on wearable technology
framework or model
e Studies that are focusing on MOOC framework or
model
e Studies that are focusing on student engagement
framework or model
o Studies that are explaining the technical MOOC design
and structure

As a result of the screening stage, there are only a total of 57
paper has been selected and divided into two focus groups.
The group’s division are “wearable technology and
engagement” with 32 main reference papers and “MOOC and
student engagement” with 43 main reference papers.

I1l. RESULT AND DISCUSSION

This section presents the identified dimensions for each of
the important variables that building-up the framework for
enhancing the learning experience in technical MOOC using
wearable technology, starting with the wearable technology
dimensions, MOOC dimensions, and student engagement
dimension.

A. Wearable Technology Dimensions

Recently, literature emerged has offered some interesting
findings of using wearable technology distributed in all fields
with different implementation background. However, the
practice used of wearable technology mainly being supported
most in these two primary areas which are in medical and
higher education. Given the exciting developments in
wearable technology, researchers believed that wearable
technology has vast potential implication and numerous
benefits for augmentation of teaching and learning
environments. Some of the potential benefits offers by
wearable technology are: (a) able to engage, stimulate, and
motivate students to explore class materials from different
angles; (b) able to teach subjects where students could not
feasibly gain real-world first-hand experience; (c) enhance
collaboration between students and instructors; (d) foster
student creativity and imagination; help students take control
of their learning at their own pace and on their own path; and
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(e) able to create an authentic learning environment suitable
to various learning styles [19, 25, 31].

Among the early implementation of wearable technology
especially smart glasses is in the field of medical application.
In the studies conducted by [25, 28] shared on how smart
glasses could revolutionize medical education in areas such
as surgery. By using the wearable camera, the students able
to see procedures from the surgeon’s perspective, instead of
peeking behind the surgeon’s shoulder to see the whole
procedures [25, 28]. Another research by [23] integrated
smart glasses into simulation-based training exercise
summarized that data captured from the simulation training
able to improve debriefing session and a good platform for
self-reflection. The literature by [32] highlighted on the

implementation of smart glasses as one of the recording
tools for evaluation purpose. The study concluded that the
ability of smart glasses that able to record students’ first-
person perspective is very meaningful especially for faculty
and student analysis and evaluation purpose. In addition, a
study piloted by [33] which examined on the utilization of
smart glasses in the medical industry. This study highlighted
that smart glasses’ features which are compatibility, ease of
reminding, speech recognition, ease of use, ease of learning,
ease of medical education, external influence, and privacy
elements do positively affect the usefulness of smart glasses
in medical.

Another field that considerable amount of literature has
been published on the application of smart glasses is in
education (for non-medical related application). A study
conducted by [34] employed the used of smart glasses in
learning frequency in physics education. The main idea

behind this study is to allow smart glasses to automatically
measured both the water level and the sound frequency, and
incrementally generate a frequency graph in the head-mount-
display. The result from the study revealed that by using
smart glasses in learning is able to engage the students more
with the learning process. The usage of smart glasses also
being expended and used in improving the effectiveness and
efficiency of teaching techniques in STEM area [35-41].
Smart glasses also have been successfully applied to a variety
of setting, including in machine maintenance [42-44], e-
tracking technology [45, 46], guiding disable people [47, 48],
and controlling purpose [49, 50].

Table 2 summarized the identified wearable technology
dimensions towards supporting teaching and learning process
based on the previous studies from the year 2013 until 2016.
There are 9 wearable technology dimensions has been
identified based on critical literature review which is first-
person view (FP), recording ability (RA), real-time
interaction (RT), student assessment (SA), navigation (N),
AR ability or simulation (AR), personalize learning (PL),
pattern recognition (PR), and communicating with large
infrastructure (CM). However, based on experts review and
commendation, from 9 wearable technology dimensions,
only 4 dimensions is currently suitable to be cooperated and
implemented into MOOC platform, which are first-person
view (FP), recoding ability (RA), real-time interaction (RT)
and student assessment (SA). Table 3 lists the explanation for
each of the identified wearable technology dimensions
together with its suitable wearable technology activities based
on previous study review.

Table 2
Review of wearable technology dimensions from the year 2013 to 2016

Wearable technology dimension

Author/s

FP RA RT SA N AR PL PR CcM
[19] X X X
[23] X X X X X X
[24] X X X X
[25] X X X
[27] X X X X X X
[28] X X X
[32] X X X
[39] X X X X X
[40] X X X
[41] X X X X
[42] X X X X
[43] X X X X X
[44] X X X
[45] X X
[46] X X X
[47] X X X X
[49] X X X X X
[50] X X X X
[76] X X
[77] X X
[78] X X X X
[79] X X X
[80] X X X
[81] X X X X
[82] X X X
[83] X X X X
[84] X X X X X X
[85] X X X X
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Table 3

Explanation of each wearable technology dimension

WT
Dimension

Definition

WT activity

First-
person
view (FP)

Recording
ability
(RA)

Real-time
interaction
(RT)

Student
assessment
(SA)

Navigation

(N)

AR ability/
Simulation
(AR)

Personaliz
e learning
(PL)

Pattern
recognition
(PR)
Communic
ating with
large
infrastruct
ure (CM)

Wearable technology affords the ability
to offer a first-person point of view tc
engage the learner more with the
learning. This functionality will promote
the learners to view the learning from the
lecturer’s perspective.

Wearable technology affords the
recording ability either for video or
picture recording. Few wearable
technologies allow the wearer tc
perform recording activity with the
hands-free ability (activate using voice
command).

Wearable technology allows the wearer
to access information in real time (either
to retrieve, share, or store data).
Moreover, the wearer (lecturer) could
also receive instant feedback during
lectures from the students via local chat
without question interruptions.

Wearable technology enabled the
observers to analyze the wearer’s
primary visual focus during the entire
procedure/ activity. Using the recorded
videos/ pictures, student’s performance
evaluation can easily be made, and
feedback can be provided based on the
data recorded.

Wearable technology offers navigation
or direction function to the wearer by
providing visual-based instructions to
follow.  This function allows the
learning  process to be  more
personalized, focusing on meeting
individual student’s needs

Wearable  technology affords &
simulation  capability to  support
experiential learning. The simulation
can be in the form of augmented reality
by using visual, audio and location-
based inputs to provide relevant
information. This feature able to create
much more realistic and the immersive
environment when integrating with the
real world (either through games or
services).

Wearable technology affords the
opportunity  to  create  specific
interactions to fit a user’s learning
preferences. The wearer also can search
information through the internet. This
function allows the learning process to
be more personalized, focusing on
meeting individual student’s needs.
Object recognition function allows the
wearer to scan and display the object
scanning result through visualization.

Wearable technology allows internet
connection via wi-fi or Bluetooth setup.
Once  connected, the  wearable
technology able to communicate with
large computing infrastructure (cloud
computing), which can be data-mined tc
monitor the knowledge building process.

Capture first-
person point of
view

Take picture
Video recording
Voice recording
Notes taking

Live-video stream
Real-time activity
Received and send
feedback instantly

For student
assessment

purpose — either
during mockup or

a real scenario

Step-by-step
instruction (either
in the written or
graphic based
instructions)

Virtual
game
Simulation
element

reality

Set of instruction
(either in  the
written or graphic
based)

Google function

Object scanning
Word translation

Searching
function - google
GPS

Map navigation
Storage element
(via cloud
computing)

content structure, expectations of students' performance and
assessment methods.

The current majority of existing MOOCs are content-based
MOOCs, known as xXMOOCs, which present the course
content through different knowledge packages and methods
that assess learners' mastery of the knowledge [52]. XMOOC
content usually includes short lecture videos each week, often
supported by supplementary readings, and more on self-test
problems. Assessments that count towards the participant's
final score are provided a usually weekly basis, in the form of
multiple-choice or short answer quizzes that are auto-graded,
and peer-graded assignments. Online discussion forums are
also included in the xXMOOC content to allow participants to
engage with each other and exchange knowledge and ideas,
or to create a sense of community [8]. However, in XMOOC
the element of the forum discussion not become the major
contribution in knowledge construction.

Connectivist MOOCs, known as cMOOCs, are more fluid
in structure. They focus more on an overarching instructional
goal and are less directive with respect to the process.
Learners in a cMOOC build their knowledge through co-
creation assignments with peers. Instructors may pose initial
or weekly questions and challenges together with a variety of
text-based or media resources. Learners interact and
cooperate with one another in completing the course
activities. The success of a cMOOC is highly dependent on
participant interaction via discussion forums. However, the
challenges to make this interaction happen to lie at the
different starting point of the prior knowledge of the learners
[53]. Course outcomes are often unique products, such as
blog posts, images, diagrams, or videos generated by
participants using a variety of social media. The role of the
instructor is to act as a facilitator by aggregating, reviewing,
summarizing and reflecting on participant activity on a daily
or weekly basis [8].

There are some MOOC:s that fit in between an xMOOC and
a cMOOC. This third type of MOOC is called pMOOQOC (or
project-based MOOC), which is a content-based, highly
structured MOOC in terms of how the course content is
organized and presented, but also blends a project-based
model of assessment [51]. In this type of MOOC, the task for
the student is to design a project that is reviewed by peers
using an articulated rubric, created by the instructor or
teaching staff [51]. Course completion requirements in a
pMOOC typically include submitting projects for peer grades
and reviews of mini-projects designed by peers [51]. Table 4
lists the identified MOOC dimensions (based on the
combination of xXMOOC, cMOOC, and pMOOQOC) which
gathered from literature review since the year 2014 until
2017. The identified MOOC dimensions are course
information (CI), course resources (CR), interaction (IN),
meaningful connections (MC), frequent monitoring of
learning (FM), and active learning (AL). Table 5 lists the
explanation for each of the identified MOOC dimensions.

Table 4
Review of MOOC dimensions from the year 2014 to 2017

MOOC dimension

B. Massive Open Online Learning (MOOC) Dimensions PURTRS ar IN MC EM AL

The classification of MOOCs may vary depending upon [ X X X X X X
the pedagogical interaction, learning outcomes or the 5] X X X X
learners’ experience. The common literature on MOOC [6] % X X X X X
classified two kinds of MOOCs which are xXMOOC and - N N N %

cMOOC [51]. This classification is based on the course
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(8] X
[16]
[51]
[86]
[87]
(88]
(89]
[90]
[91]
[92]
[93]
[94]
[95]
[96]
[97]
[98]

X
X
X

X X X X X X X X X X
X X X X X
X X X X X X

X X X X X X X X X X X
X
X X X X X X X X X X X X X X X X

X X X X X X X X X X X X X X
X X X X X
X X X X X

X

Table 4
Explanation of each MOOC dimension

D'i\:lrgr?sicon Definition
Course Course content must include a clear statement of
information what the learner can hope to achieve upon
cn successful completion. The curriculum is coherent

Course resource
(CR)

Interaction (IN)

with its content and sequencing of courses, and it's
effectively defined in easily available documents
including course syllabus and program
description.

Course resources/ materials must contain facts,
updated information, concepts or approaches.
Course materials are structured to facilitate
individual study.

Course design and delivery able to support
student-student and student-lecturer interaction.
Use a learning environment that is easy to handle
for everyone. Use a different kind of collaboration
tools such as social media, email, forum, and chat.

Making a .
g Course content and activity that able to connect
meaningful L
- the learners to the actual practice in the larger
connection world which they could identify
(MC) Y '
Frequent Learners’ progress is monitored, and learners are

monitoring of
learning (FM)

Active learning
(AL)

provided with prompt and helpful comments on
their progress in relation to learning expectation
and goals.

Course activities that involved learners in doing
things and thinking about the things they are

doing.

C. Online Learner Motivation Theory and Student
Engagement Dimension

Motivation in learning is the art of getting the learners to
perform a specific behavior to achieve specific learning goals.
Existing research recognizes the critical role played by
motivation element especially in developing an engaging and
effective online learning course [54-57]. In addition, recent
works by historians informed that another theory that has
proved especially useful in analyzing motivational factors,
students’ engagement, students’ motivation, and achievement
in education is Self-Determination Theory (SDT) [55, 58].
Self-determination theory also being described as one of the
most comprehensive and empirically supported theories of
motivation available. Previous studies also indicate that self-
determination theory can be used to foresee a variety of

learning outcome, including performance, persistence, and
course satisfaction [29, 30, 59, 60]. As per suggested by [29,
30, 60], the main components that build-up self-
determination theory mainly comprises of three primary
features which are the needs for autonomy, relatedness, and
competence. The need for autonomy involves in self-
initiation and self-regulation of one’s own behavior to act in
harmony [29]. While the needs for relatedness is more
focusing on the feeling of closeness, affectionate, and
belonging to a social group [29]. And the need for
competence is the ability of a person to interact proficiently
or effectively with the environment and desire to control and
master the environment and its outcome [29]. Experience of
autonomy, relatedness, and competence able to foster
volition, motivation, and engagement which then able to
result in enhancing in learning experienced, enhancing in
learning performance, persistence, and creativity. Self-
determination theory has been successfully applied to a
variety of setting, including physical education [61, 62],
politics [63, 64], health care [65, 66], religion [67, 68],
general education [55, 69, 70], and online learning [57, 58,
71-73].

Another crucial element that resulted from students’
motivation is students’ engagement with the learning process.
Student engagement can be defined as the extent or degree of
a students’ involvement in a learning activity [1]. A numerous
number of models been proposed to describe the various
aspects of students’ engagement. However, in a major
literature review by [74] identified three main aspects of
engagement which are: a) behavioral engagement which
refers to students participating in a learning activity such as
completing an assignment, attending classes, or contributing
in discussions; b) affective engagement which refers to
students’ emotional responses or feeling (positive or
negative) toward teachers, peers, learning, and school; and c)
cognitive engagement which refers to the deliberate task-
specific thinking that a student undertakes while participating
in an activity, including asking and answering questions,
giving explanations, justifying an argument, and contributing
ideas [1]. Illustrate below is a model of student engagement
which being organized around self-determination theory
towards online course completion as per suggested by [1] and
[75] (refer Figure 1).

SELF MOTIVATION ——>

Relatedness

Figure 1: A model of student engagement organized around SDT by Hew
(2015).

STUDENT
ENGAGEMENT

—> QUTCOME

Behavioural
engagement

Affective Course
engagement completion

Cognitive
engagement

D. Proposed Framework

From the critical review of the literature, the proposed
framework for this study was mainly based on the
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combination of three concepts, which are: (i) wearable
technology dimensions; (ii) MOOC dimensions; and (iii)
student engagement dimensions. Figure 2 illustrates the
proposed framework for enhancing the learning experience
with wearable technology in technical MOOC. Figure 3
illustrates the theoretical framework for technical MOOCs
using wearable technology.

Through the systematic literature review, we had identified
the independent variables, moderating variable, and
dependent variable for this study as per below explanation:

e Independent variables (IV) — Wearable technology

construct has been identified as the IV for this study.
The proposed framework for enhancing the learning
experience for technical MOOC using wearable
technology is measure based on the level of students’
engagement (measure through course completion) and
students’ skill development (measure through direct
observation, interview, and questionnaire). Thus, every
variable in wearable technology construct is able to

increase the student engagement level with technical
MOOC, influencing the student to fully complete the
technical MOOC course.

e Moderating variable (MV) — Wearable technology
elements has been identified as the MV for this study.
The wearable technology element merged with MOOC
construct in order to strengthen the relationship between
IV and DV.

e Dependent variable (DV) - Student engagement
construct has been identified as the DV for this study.
Student engagement level (measure through course
completion) is depending on the effect of wearable
technology construct. The course completion is
depending on how wearable technology variables able
to help the student to improve their understanding and
enhance their learning experience for technical MOOC.

WEARABLE TECHNOLOGY
DIMENSION

MOOC DESIGN
DIMENSION

_—

First-person view Course information

Course resources

‘ Recording ability
Interaction

* Student-student

+ Student-faculty

+ Student-lecturer

* Lecturer-student

‘ Real-time interaction

Student assessment

Making meaningful
connection

Frequent monitoring of
learning

Active learning

—_—

STUDENT
ENGAGEMENT

SELF MOTIVATION

—_— — 5 OUTCOME

\y

Behavioural
Autonomy

engagement

Course
Affective retentionand

Relatedness >

engagement or course

completion

N Cognitive
engagement

Competence

Figure 2: The finalized proposed framework for enhancing the learning experience in technical MOOC using wearable technology

* Recording ability
* Student assessment

Independent Moderating Variables Dependent
Variables (1V) (MV) Variables (DV)
WEARABLE
TECHNOLOGY | MOOC |
DIMENSION
= First-person view « Behavioral
* Real-time interaction . Affective

Capture first-person point of
view

Take picture
Video recording
Voice recording

= Cognitive

Live-video stream

Received and send feedback
instantly

Evaluate wearer performance

Figure 3: The theoretical framework for technical MOOCs using wearable technology.

IV. CONCLUSION

This research reviewed and discussed the construction of
the framework for enhancing the learning experience for
technical MOOC using wearable technology. The proposed
framework design which is mainly focusing on the
combination of wearable technology design framework and
technical MOOC design framework with student engagement
theory. From the systematic literature review, we had
identified 8 wearable technology elements which are a first-

person view, recording ability, real-time interaction, student
assessment, navigation, AR ability or simulation, pattern
recognition, and communicating with a large infrastructure.
In this study, we also discussed another 6 essential elements
for MOOC framework which are course information, course
resources, interaction, making meaningful connections,
frequent monitoring of learning, and active learning. All these
elements were combined based on the identified student’s
engagement elements which are behavioral, affective and
cognitive engagement elements. The proposed framework

88 e-ISSN: 2289-8131 Vol. 10 No. 2-2



Framework for Enhancing Learning Experience with Wearable Technology in Technical MOOC

aims to improve the teaching and learning process especially
in designing technical MOOC structure to enhance the
students’ engagement and to increase the students’ learning
experience. In addition, the proposed framework able to
contribute to the current and future lecturers the suitable
wearable technology elements to be included when designing
their technical MOOC course which these elements able to
increase the students’ levels of comprehension, motivation,
and metacognition throughout the teaching and learning
process.

ACKNOWLEDGMENT

The authors would like to take this opportunity to highly
appreciate the cooperation and the opportunity given by the
lecturers who gave their full support in this research and
UTeM Zamalah Scheme for funding this research. This
research is conducted by Pervasive Computing and
Educational Technology Research Group, C-ACT, UTeM.

REFERENCES

[1] K. F. Hew, "Towards a model of engaging online students: lessons
from MOOCs and four policy documents,” International Journal of
Information and Education Technology 5, no. 6, pp. 425-431, 2015.

[2] D. Shah, "Class Central," 2016. [Online]. Available:
https://www.class-central.com/report/mooc-stats-2016/. [Accessed
2017].

[3] T. Daradoumis, R. Bassi, F. Xhafa and S. Caballé, "A review on
massive e-learning (MOOC) design, delivery and assessment," P2P,
Parallel, Grid, Cloud and Internet Computing (3PGCIC), 2013 Eighth
International Conference, pp. 208-213, 2013.

[4] A Bill, H. Maggie, N. Mark, C. Grainne, S. Keith and V. Norm, "Alt-
Ed: ASCILITE 2012," 2012. [Online]. Available: http://alternative-
educate.blogspot.co.uk/2012/12/audio-ascilite-2012-great-debate-
moocs.html.

[5] K.S.Honeand G. R. El Said, "Exploring the factors affecting MOOC
retention: A survey study," Computers & Education, vol. 98, pp. 157-
168, 2016.

[6] D. Gamage, I. Perera and S. Fernando, "A framework to analyse
effectiveness of learning in MOOC: Learners perspective," 8th
International conference on Ubi-Media Computing (UMEDIA), pp.
236-241, 2015a.

[7] N. Spyropoulou, C. Pierrakeas and A. Kameas, "Creating MOOC
Guidelines based on best practices,” EDULEARN14 Proceedings, pp.
6981-6990, 2014.

[8] A. M.F. Yousef, M. A. Chatti, U. Schroeder and M. Wosnitza, "What
drives a successful MOOC? An empirical examination of criteria to
assure design quality of MOOCs," Advanced Learning Technologies
(ICALT), 2014 IEEE 14th International Conference , pp. 44-48, 2014.

[9] F. Garcia, G. Diaz, M. Tawfik, S. Martin, E. Sancristobal and M.
Castro, "A practice-based MOOC for learning electronics,” Global
Engineering Education Conference (EDUCON), pp. 969-974, 2014.

[10] A.Vaibhav and P. Gupta, "Gamification of MOOCs for increasing user
engagement,” MOOC, Innovation and Technology in Education
(MITE) 2014 IEEE International Conference , pp. 290-295, 2014.

[11] O.B. Gené, M. M. Nufiez and A. F. Blanco, "Gamification in MOOC:
challenges, opportunities and proposals for advancing MOOC model,"
Proceedings of the Second International Conference on Technological
Ecosystems for Enhancing Multiculturality, pp. 215-220, 2014.

[12] M. Furini, "On gamifying the transcription of digital video lectures,"
Entertainment Computing, 14, pp. 23-31, 2016.

[13] C. Gutl, R. H. Rizzardini, V. Chang and M. Morales, "Attrition in
MOOC: Lessons learned from drop-out students,” International
Workshop on Learning Technology for Education in Cloud, pp. 37-48,
2014.

[14] M. Ward, "Using animated visualisation in Computer Assisted
Language Learning,"” Human System Interactions (HSI), 2016 9th
International Conference, pp. 38-44, 2016.

[15] N. Nordin, H. Norman, M. A. Embi, A. Z. Mansor and F. Idris, "Factors
for Development of Learning Content and Task for MOOCs in an
Asian Context," International Education Studies, 9(5), pp. 48-61, 2016.

[16] P. Ventura, E. Barcena and E. Martin-Monje, "Analysis of the impact
of social feedback on written production and student engagement in

Language MOOCs," Procedia-Social and Behavioral Sciences, 141,
pp. 512-517, 2014.

[17] N. Ostashewski, J. Howell and J. Dron, "Crowdsourcing MOOC
Interactions: Using a Social Media Site cMOOC to Engage Students in
University Course Activities.," Pan-Commonwealth Forum 8, p. ID:
258, 2016.

[18] S. E. Alcock, J. A. Dufton and M. Durusu-Tanriver, "Archacology
and the MOOC: Massive, open, online, and opportunistic,” Journal of
Social Archaeology, 16(1), pp. 3-31., 2016.

[19] I. Buchem, A. Merceron, J. Kreutel, M. Haesner and A. Steinert,
"Designing for User Engagement in Wearable-technology Enhanced
Learning for Healthy Ageing," Intelligent Environments (Workshops),
pp. 314-324, 2015.

[20] M. Castro, M. Tawfik, F. Garcia, F. Loro and E. Sancristobal,
"Combining Remote Laboratories and Massive Open Online Courses
(MOOCs) for Teaching Electronics,” Society for Information
Technology & Teacher Education International Conference, pp. 2086-
2090, 2014.

[21] F. G. Loro, A. Macho, E. Sancristobal, M. R. Artacho, G. Diaz and M.
Castro, "Remote laboratories for electronics and new steps in learning
process integration," Remote Engineering and Virtual Instrumentation
(REV), 13th International Conference, pp. 112-117, 2016.

[22] T.J.Zajdel and M. M. Maharbiz, "Introducing Electronics at Scale with
a Massive Online Circuits Lab," Proceedings of the 123rd ASEE
Annual Conference & Exposition, 2016.

[23] T. Wu, C. Dameff and J. Tully, "Integrating Google Glass into
simulation-based training: Experiences and future directions," Journal
of Biomedical Graphics and Computing, vol. 4, no. 2, pp. 49-54, 2014.

[24] D. A. Zahl, S. M. Schrader and P. C. Edwards, "Student perspectives
on using egocentric video recorded by smart glasses to assess
communicative and clinical skills with standardized patients,"
European Journal of Dental Education, 2016.

[25] B. Chaballout, M. Molloy, J. Vaughn, R. Brisson Il and R. Shaw,
"Feasibility of Augmented Reality in Clinical Simulations: Using
Google Glass With Manikins," JMIR Medical Education, vol. 2, no. 1,
2016.

[26] M. Elgan, "Why 2014 is the 'year of smart glasses?’," 2014. [Online].
Available:  http://www.computerworld.com/article/2487076/mobile-
wireless/why-2014-is-the--year-of-smart-glasses-html.

[27] S. Vallurupalli, H. Paydak, S. Agarwal, M. Agrawal and C. Assad-
Kottner, "Wearable technology to improve education and patient
outcomes in a cardiology fellowship program- A feasibility study,"
Health and Technology, vol. 3, no. 4, p. 267-270 , 2013.

[28] W. Glauser, "Doctors among early adopters of Google Glass,"
Canadian Medical Association Journal 109, 2013.

[29] E.L.DeciandR. M. Ryan, "Self-determination theory: A macrotheory
of human motivation, development, and health,” Canadian
psychology/Psychologie canadienne, 49(3), 182, 2008.

[30] E.L.Deci,R.J.Vallerand, L. G. Pelletier and R. M. Ryan, "Motivation
and education: The self-determination perspective," Educational
psychologist, 26(3-4), pp. 325-346, 1991.

[31] S. Yuen, Y. Gallayanee and J. Erik, "Augmented reality: An overview
and five directions for AR in education," Journal of Educational
Technology Development and Exchange 4.1, pp. 119-140, 2011.

[32] J. Tully, C. Dameff, S. Kaib and M. Moffitt, "Recording medical
students’ encounters with standardized patients using google glass:
Providing end-of-life clinical education," Academic Medicine, 90(3),
pp. 314-316, 2015.

[33] M. Goken, A. N. Basoglu and M. Dabic, "Exploring adoption of smart
glasses: Applications in medical industry,” Management of
Engineering and Technology (PICMET), 2016 Portland International
Conference, pp. 3175-3184, 2016.

[34] J. Kuhn, P. Lukowicz, M. Hirth, A. Poxrucker, J. Weppner and J.
Younas, "gPhysics—Using Smart Glasses for Head-Centered,
Context-Aware Learning in Physics Experiments," IEEE Transactions
on Learning Technologies, 9(4), pp. 304-317, 2016.

[35] N. Kommera, F. Kaleem and S. M. S. Harooni, "Smart augmented
reality glasses in cybersecurity and forensic education,” Intelligence
and Security Informatics (ISI), 2016 IEEE Conference, pp. 279-281,
2016.

[36] D. Sapargaliyev, "Wearable Technology in Education: From Handheld
to Hands-Free Learning," Technology in Education. Transforming
Educational Practices with Technology, 2015, pp. 55-60. , 2015.

[37] S. Mann, "Wearable Computing,” 2014. [Online]. Available:
https://www.interaction-design.org/enc.

[38] B. Radcliffe, "Wearable Technology,” September 2014. [Online].
Auvailable: http://www.investopedia.com/terms/w/wearable-
technology.asp.

[39] U.Rehman and S. Cao, "Augmented Reality-Based Indoor Navigation
Using Google Glass as a Wearable Head-Mounted Display," Systems,

e-ISSN: 2289-8131 Vol. 10 No. 2-2 89



Journal of Telecommunication, Electronic and Computer Engineering

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[571

[58]

[59]

[60]

[61]

90

Man, and Cybernetics (SMC), 2015 IEEE International Conference,
pp. 1452-1457, 2015.

X. Du and A. Arya, "Design and Evaluation of a learning assistant
system with optical head-mounted display (OHMD)," International
Conference on Learning and Collaboration Technologies, pp. 75-86,
2015.

M. Silva, D. Freitas, E. Neto, C. Lins, V. Teichrieb and J. M. Teixeira,
"Glassist: using augmented reality on Google Glass as an aid to
classroom management,” Virtual and Augmented Reality (SVR), 2014
XVI Symposium. IEEE, pp. 37-44, 2014.

T. Yang and Y. M. Choi, "Study on the design characteristics of head
mounted displays (HMD) for use in guided repair and maintenance,"
International Conference on Virtual, Augmented and Mixed Reality,
pp. 535-543, 2015.

X. S. Zheng, C. Foucault, P. Matos da Silva, S. Dasari, T. Yang and S.
Goose, "Eye-wearable technology for machine maintenance: Effects of
display position and hands-free operation," Proceedings of the 33rd
Annual ACM Conference on Human Factors in Computing Systems.
ACM., pp. 2125-2134, 2015.

S. Rauh, D. Zsebedits, E. Tamplon, S. Bolch and G. Meixner, "Using
Google Glass for mobile maintenance and calibration tasks in the
AUDI A8 production line,” Emerging Technologies & Factory
Automation (ETFA), 2015 IEEE 20th Conference, pp. 1-4, 2015.

C. Booth and D. Brecher, "Ok, library Implications and opportunities
for Google Glass," College & Research Libraries News 75(5), p. 234—
239, 2014.

M. Mokatren, T. Kuflik and 1. Shimshoni, "Exploring the potential
contribution of mobile eye-tracking technology in enhancing the
museum visit experience," Proceedings of the The First Joint
Workshop on Smart Connected and Wearable Things, co-located with
1UI, 2016.

R. McNaney, J. Vines, D. Roggen, M. Balaam, P. Zhang, I. Poliakov
and P. Olivier, "Exploring the acceptability of google glass as an
everyday assistive device for people with parkinson's," Proceedings of
the 32nd annual ACM conference on Human factors in computing
systems, pp. 2551-2554, 2014.

D. Ahn, H. Chung, H. W. Lee, K. Kang, P. W. Ko, N. S. Kim and T.
Park, "Smart gait-aid glasses for Parkinson's disease patients," IEEE
Transactions on Biomedical Engineering, 2017.

G. Soros, F. Daiber and T. Weller, "Cyclo: a personal bike coach
through the glass," SIGGRAPH Asia 2013 Symposium on Mobile
Graphics and Interactive Applications, p. 99, 2013.

X. Wen, Y. Song, W. Li, G. Chen and B. Xian, "Rotation vector sensor-
based remote control of a humanoid robot through a Google Glass,"
Advanced Motion Control (AMC), 2016 IEEE 14th International
Workshop. IEEE., pp. 203-207, 2016.

T. Phan, S. G. McNeil and B. R. Robin, "Students’ patterns of
engagement and course performance in a Massive Open Online
Course," Computers & Education, 95, pp. 36-44, 2016.

P. Kim, "Massive open online courses: the MOOC revolution," New
York, NY: Taylor & Francis, 2015.

R. Andersen and M. Ponti, "Participatory pedagogy in an open
educational course: challenges and opportunities,” Distance Education,
35(2), pp. 234-249, 2014.

Y. Wang and R. Baker, "Content or platform: Why do students
complete MOOCs?," Journal of Online Learning and Teaching, 11(1),
17, 2015.

L. M. Jeno, J. A. Grytnes and V. Vandvik, "The effect of a mobile-
application tool on biology students' motivation and achievement in
species identification: A Self-Determination Theory perspective,”
Computers & Education, 107, pp. 1-12, 2017.

A. Pardo, F. Han and R. A. Ellis, "Combining university student self-
regulated learning indicators and engagement with online learning
events to predict academic performance,” IEEE Transactions on
Learning Technologies, 10(1) , pp. 82-92, 2017.

P. Beach, "Self-directed online learning: A theoretical model for
understanding elementary teachers' online learning experiences,"”
Teaching and Teacher Education, 61, pp. 60-72, 2017.

K. C. Chen and S. J. Jang, "Motivation in online learning: Testing a
model of self-determination theory," Computers in Human Behavior,
26(4), pp. 741-752, 2010.

E. L. Deci and R. M. Ryan, "The general causality orientations scale:
Self-determination in personality,” Journal of research in personality,
19(2), pp. 109-134, 1985.

R. M. Ryan and E. L. Deci, "Facilitating and hindering motivation,
learning, and well-being in schools: Research and observations from
self-determination theory," Handbook of motivation at school, 96,
2016.

K. E. Gunnell, P. R. Crocker, D. E. Mack, P. M. Wilson and B. D.
Zumbo, "Goal contents, motivation, psychological need satisfaction,

[62]

(63]

(64]

[65]

(66]

[67]

(68]

[69]

[70]

(71]

[72]

[73]

[74]

[75]

[76]
(771

(78]

[79]

(80]

(81]

(82]

(83]

well-being and physical activity: A test of self-determination theory
over 6 months," Psychology of Sport and Exercise, 15(1), pp. 19-29,
2014.

C. Krijgsman, M. Vansteenkiste, J. van Tartwijk, J. Maes, L.
Borghouts, G. Cardon, T. Mainhard and L. Haerens, "Performance
grading and motivational functioning and fear in physical education: A
self-determination theory perspective,” Learning and Individual
Differences, 55, pp. 202-211, 2017.

S. Russo and H. Stattin, "Self-determination theory and the role of
political interest in adolescents' sociopolitical development,” Journal of
Applied Developmental Psychology, 50, pp. 71-78, 2017.

G. R. Marshall, D. W. Hine and M. J. East, "Can community-based
governance strengthen citizenship in support of climate change
adaptation? Testing insights from Self-Determination Theory,"
Environmental Science & Policy, 72, pp. 1-9, 2017.

S. Mattner, C. Ehrlich, P. Chester, D. Crompton and E. Kendall, "Self-
determination: what do people who experience severe mental illness
want from public mental health services?," International Journal of
Integrated Care, 17(3), 2017.

V. Zoffmann, A. Hérnsten, S. Storbakken, M. Graue, B. Rasmussen,
A. Wahl and M. Kirkevold, "Translating person-centered care into
practice: a comparative analysis of motivational interviewing, illness-
integration support, and guided self-determination,” Patient Education
and Counseling, 99(3), pp. 400-407, 2016.

S. Costa, M. C. Gugliandolo, N. Barberis and R. Larcan, "The
mediational role of psychological basic needs in the relation between
conception of god and psychological outcomes,” Journal of religion
and health, 55(1), pp. 1-15, 2016.

E. A. Minton, L. R. Kahle and C. H. Kim, "Religion and motives for
sustainable behaviors: A cross-cultural comparison and contrast,"
Journal of Business Research, 68(9) , pp. 1937-1944, 2015.

H. Jang, E. J. Kim and J. Reeve, "Why students become more engaged
or more disengaged during the semester: A self-determination theory
dual-process model," Learning and Instruction, 43 , pp. 27-38, 2016.
T. Jungert, B. Piroddi and R. Thornberg, "Early adolescents'
motivations to defend victims in school bullying and their perceptions
of student—teacher relationships: A self-determination theory
approach,” Journal of adolescence, 53, pp. 75-90, 2016.

N. T. Butz and R. H. Stupnisky, "Improving student relatedness
through an online discussion intervention: The application of self-
determination theory in synchronous hybrid programs," Computers &
Education, 2017.

M. Zhou, "Chinese university students' acceptance of MOOCs: A self-
determination perspective," Computers & Education, 92, pp. 194-203,
2016.

S. A Nikou and A. A. Economides, "Mobile-Based Assessment:
Integrating acceptance and motivational factors into a combined model
of Self-Determination Theory and Technology Acceptance,”
Computers in Human Behavior, 68, pp. 83-95, 2017.

J. A. Fredricks, M. Filsecker and M. A. Lawson, "Student engagement,
context, and adjustment: Addressing definitional, measurement, and
methodological issues," Learning and Instruction, 43, pp. 1-4, 2016.
K. F. Hew, "Promoting engagement in online courses: What strategies
can we learn from three highly rated MOOCS," British Journal of
Educational Technology, 47(2), pp. 320-341, 2016.

M. Campbell, "Hive-mind solves tasks using Google Glass," New
Scientist, 219(2928), no. 20, 2013.

R. Furlan, "Google Glass this wearable computer augments the self, not
reality," IEEE SPECTRUM, 50(10), no. 24, 2013.

H. Wang, X. Bao, R. R. Choudhury and S. Nelakuditi, “InSight:
Recognizing humans without face recognition," Proceedings of the
14th Workshop on Mobile Computing Systems and Applications.
ACM., p. 7, 2013.

R. Llorente and M. Morant, "Wearable computers and big data:
Interaction paradigms for knowledge building in higher education,"
Innovation and Teaching Technologies, pp. 127-137, 2014.

0. J. Muensterer, M. Lacher, C. Zoeller, M. Bronstein and J. Kiibler,
"Google Glass in pediatric surgery: an exploratory study," International
journal of surgery, 12(4), pp. 281-289, 2014.

X. Chen, L. Xu, Y. Wang, H. Wang, F. Wang, X. Zeng and J. Egger,
"Development of a surgical navigation system based on augmented
reality using an optical see-through head-mounted display," Journal of
biomedical informatics, 55, pp. 124-131, 2015.

M. Paterson and M. R. Glass, "The world through Glass: Developing
novel methods with wearable computing for urban videographic
research," Journal of Geography in Higher Education, 39(2), pp. 275-
287, 2015.

J. A. Paro, R. Nazareli, A. Gurjala, A. Berger and G. K. Lee, "Video-
based self-review: comparing Google Glass and GoPro technologies,"
Annals of plastic surgery, 74, pp. 71-74, 2015.

e-ISSN: 2289-8131 Vol. 10 No. 2-2



[84]

[85]

(86]

(87]

(88]

[89]

[90]

[91]

Framework for Enhancing Learning Experience with Wearable Technology in Technical MOOC

J.Y.C.Chang, L. Y. Tsui, K. S. K. Yeung, Yip, S. W. Y.and G. K. K.
Leung, “Surgical vision: Google Glass and surgery,” Surgical
innovation, 23(4), pp. 422-426, 2016.

D. A. Hashimoto, R. Phitayakorn, C. Fernandez-del Castillo and O.
Meireles, "A blinded assessment of video quality in wearable
technology for telementoring in open surgery: the Google Glass
experience," Surgical endoscopy, 30(1), pp. 372-378, 2016.

W. Abeer and B. Miri, "Students’ Preferences and Views about
Learning ina MOOC," Procedia-Social and Behavioural Sciences, 152,
pp. 318-323, 2014.

M. H. Baturay, "An overview of the world of MOOCs," Procedia-
Social and Behavioral Sciences, 174, pp. 427-433, 2015.

Y. H. Chenand P. J. Chen, "MOOC study group: Facilitation strategies,
influential factors, and student perceived gains,” Computers &
Education, 86, pp. 55-70, 2015.

A. Fidalgo-Blanco, M. L. Sein-Echaluce and F. J. Garcia-Pefialvo,
"Methodological Approach and Technological Framework to break the
current limitations of MOOC model," Journal of Universal Computer
Science, 21(5), pp. 712-734, 2015.

D. Gamage, S. Fernando and I. Perera, "Quality of MOOCs: A review
of literature on effectiveness and quality aspects,” Ubi-Media
Computing (UMEDIA), 2015 8th International Conference, pp. 224-
229, 2015b.

F. J. Garcia-Pefialvo, J. Cruz-Benito, O. Borras-Gené and A. F. Blanco,
"Evolution of the Conversation and Knowledge Acquisition in Social

e-ISSN: 2289-8131 Vol. 10 No. 2-2

[92]

(93]

[94]

[99]

(96]

[97]

(98]

Networks related to a MOOC Course,” International Conference on
Learning and Collaboration Technologies, p. 47, 2015.

N. Hood, A. Littlejohn and C. Milligan, "Context counts: How learners'
contexts influence learning in a MOOC," Computers & Education, 91,
pp. 83-91, 2015.

M. S. Hossain, M. S. Islam, J. V. Glinsky, R. Lowe, T. Lowe and L. A.
Harvey, "A massive open online course (MOOC) can be used to teach
physiotherapy students about spinal cord injuries: a randomised trial,"
Journal of physiotherapy, 61(1), pp. 21-27, 2015.

P. Lowenthal and C. Hodges, "In search of quality: Using Quality
Matters to analyze the quality of massive, open, online courses
(MOOCs)," The International Review of Research in Open and
Distributed Learning, 16(5), 2015.

N. Spyropoulou, G. Demopoulou, C. Pierrakeas, |. Koutsonikos and A.
Kameas, "Developing a Computer Programming MOOC," Procedia
Computer Science, 65, pp. 182-191, 2015.

W. Xing, X. Chen, J. Stein and M. Marcinkowski, "Temporal
predication of dropouts in MOOCs: Reaching the low hanging fruit
through stacking generalization," Computers in Human Behavior, 58,
pp. 119-129, 2016.

J. Zhang, "Can MOOCs be interesting to students? An experimental
investigation from regulatory focus perspective,” Computers &
Education, 95, pp. 340-351, 2016.

J. Mullen, C. Byun, V. Gadepally, S. Samsi, A. Reuther and J. Kepner,
"Learning by doing, High Performance Computing education in the
MOOC era," Journal of Parallel and Distributed Computing, 2017.

91



