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Abstract—Many learning analytics techniques to capture the 
learner’s real-time responses are computationally intensive for 
running on mobile devices. In this paper, we propose a 
personalized learning platform named the PETAL facilitated by 
an efficient learning analytics application to detect learners’ level 
of attentiveness and the proximity of their eyes to mobile devices 
and then alert learners to be more attentive or to keep acceptable 
distance from a device. Data privacy is guaranteed by password-
protected accounts. Being the first attempt, a prototype of our 
PETAL application is carefully built and evaluated on Android 
tablets, with many promising directions for future extensions. 
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I. INTRODUCTION

Learning analytics [2, 5] is an attractive research area to 
educators and researchers in the field of educational 
technologies. It is aimed to better understand the process of 
learning and its environments through the measurement, 
collection and analysis of learners’ data and context. However, 
there are many existing learning analytics techniques [5], 
especially those required to estimate the learner’s real-time
responses to course materials or live presentations are typically 
computationally expensive, thus mostly infeasible for 
execution on any mobile device with its limited computational 
power and storage size. On the other hand, with the numerous 
advantages possibly offered by cloud and mobile computing 
[4] nowadays, if an efficient learning analytics method can be 
quickly run on a mobile device for a preliminary analysis as an 
initial and instant feedback provided to the individual learner 
while the various data sets collected on all mobile devices can 
be later sent to the cloud computing server to generate a more 
thorough report, possibly leaving all the learners’ identities as 
anonymous whenever appropriate, for the concerned course 
instructor to review the overall performance and progress of the 
whole class. This will likely bring in many new pedagogical 
impacts to the various aspects of teaching, learning, 
assessments and evaluations of students anytime and anywhere. 
Consider an example scenario of real-life applications where a 
primary school teacher in Mathematics may ask a group of  
Grade 5 students to view a streaming YouTube video clip 
which introduces some basic concepts such as the mean, 
median and mode in Statistics. After viewing the video, each 
individual student will need to answer a simple quiz of 10

multiple-choice questions on his /her mobile device on which 
the efficient learning analytics algorithm will quickly generate 
an initial feedback report to each learner. After the class, the 
teacher can still receive a more detailed students’ progress 
report sent by the cloud server, reviewing that over 75% of the 
whole class has some difficulty in understanding the concept of 
median for which (s)he may revise the relevant concept in the 
next lesson. With the portability of mobile devices, the 
concerned teacher may also bring the whole class to a field trip 
for measuring the heights of different species of plants, and 
calculating their means, medians and modes for experiential 
learning.             

Besides learning analytics, mobile and sensing 
technologies have been developing surprisingly fast nowadays 
with many new features. The usage of mobile devices, 
smartphones and tablets proliferates in all walks of life. 
Children of the new generation often find themselves busily 
engaged in various activities related to mobile devices, such as 
playing games on smartphones, exercising with the Microsoft 
Kinect [7], or learning through educational video clips being 
streaming onto tablets. Given the frequent use of technology, 
especially in the classroom, we find an ever pressing problem: 
e-Learning [6] seldom tailors itself to each individual child, 
thus making it more difficult to determine each individual’s 
true grasping or understanding of the taught material. However, 
at the same time, we find that Computational Intelligence [8], 
specifically the facial feature detection and recognition 
techniques [6, 7], is advancing very rapidly.  With the presence 
of relevant computing and sensing technologies in our daily 
living, we hereby propose a possible solution to that 
challenging problem of determining each individual’s actual 
progress and/or response to the involved learning materials 
possibly delivered through the next-generation e-learning 
systems [6]. 

To respond to the above problem of evaluating the learner’s 
genuine and real-time responses or progress to any online 
course materials such as educational videos, we often look into 
e-learning systems with relevant computing and sensing 
technologies. However, up to our understanding, none of the 
existing e-learning systems can satisfactorily address our 
concern. Therefore, in this paper, we explore the applications 
of the Android programming libraries and the Open Source 
Computer Vision (OpenCV) software [11] to develop the 
PErsonalized Teaching And Learning (PETAL) e-Learning 
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system that can help to detect learners’ levels of attentiveness 
and the proximity of their eyes to mobile devices and then alert 
learners to be more attentive or to keep acceptable distance 
from a device playing the downloaded or streaming video clips
for personalized learning or self-revision through our PETAL 
e-Learning system.  Essentially, through the integration of web 
cameras as smart image sensors available on most tablets or 
smartphones with a simple-yet-efficient tracking algorithm run 
on the mobile devices to continuously monitor and analyze the 
learners’ responses through their facial orientations and eye 
movements, the PETAL e-learning platform can provide a truly 
personalized learning experience to nurture the academic 
development of our young learners while protecting their 
eyesight. When any learner is facing too close to view the 
concerned online material or video, the PETAL system will 
quickly alert the learner with a pop-up message being 
displayed. While bringing in many technical challenges to 
more accurately analyze the individual learner’s “real-time” 
response through his/her facial orientation and eye movements, 
it is obvious that the PETAL e-Learning system imparts new 
opportunities for many potential applications in e-learning or 
other areas. Besides, the pedagogical impacts brought by the 
PETAL system after its integration with the conventional 
classroom teaching and learning is definitely very attractive 
and worth investigating. To demonstrate the feasibility of our 
proposed e-learning system, a prototype of the PETAL 
platform was carefully developed and thoroughly tested in 6 
man-months. There were some initial and positive students’ 
feedbacks collected, with a detailed evaluation plan to be 
conducted in the Spring semester of 2015.  All in all, with the 
capability of identifying and notifying learners of their,
possibly unconscious, reactions to some online course 
materials including the educational videos, the PETAL system 
is targeted to promote a genuinely personalized learning 
approach and experience ready for the development of the 
next-generation e-/m-learning platform.

This paper is organized as follows. Section II reviews on 
the preliminary background and related work on facial feature 
detection techniques and relevant e-Learning system for 
personalized learning. Section III details the system design and 
features of the PETAL e-Learning platform. Specific issues 
about the prototype implementation and its initial evaluation 
results are covered in Section IV. Lastly, Section V will 
summarize our work and shed light on the many possible 
directions for future investigation.

II. PRELIMINARIES

This section considers some preliminary work that will 
facilitate our subsequent discussion. It firstly reviews some 
previous work on visual computing and natural interaction 
analysis for e-learning systems. Later, we will consider an 
earlier work utilizing facial recognition techniques to analyze 
the learners’ head orientations and attention spans in viewing 
course materials such as the lecture notes on desktop 
computers. Here, it is worth noting that the facial recognition 
algorithm employed by our PETAL system is targeted to run 
both efficiently and effectively on mobile devices such as the 
Android tablets, thus a more challenging task with the very 
limited computational resources and web cameras of relatively 
lower resolutions available on the tablet PCs. However, 

through the mobile applications of our PETAL system, the 
learners’ responses can now be quickly analyzed anytime and 
anywhere. In addition, the real-time images captured for any 
individual learner can also be simultaneously sent to the cloud
server of our PETAL system to run more sophisticated image 
processing algorithms for a thorough analysis of the learner’s 
responses.  

A. Natural Interaction Analysis for e-Learning Systems
In [6], Cantoni et. al. gives a precise overview on the future 

e-learning systems, from both technology- and user-centered 
perspectives. Especially, the visual component of the e-learning 
experience is emphasized as a significant feature for effective 
content development and delivery. Besides, the adoption of 
new interaction paradigms based on advanced multi-
dimensional interfaces (including 1D/2D/3D/nD interaction 
metaphors) and perceptive interfaces (that are capable of 
acquiring explicit and implicit information about learners and 
their environment to allow the e-learning systems to “see”, 
“hear”, etc.) is presented as a promising direction towards more 
natural and effective learning experiences.

B. A Facial Recognition Method for Analysis of Learners’ 
Responses
Conventionally, many e-learning systems utilize user 

feedback or profiles, and also try to collect such information 
based on questionnaires, thus likely resulting in incomplete 
answers or deliberately misleading input. In [1], Asteriadis et. 
al. present a specific facial recognition method for the analysis 
of learners’ responses in order to compile feedbacks related to 
the behavioral states of the learners (e.g. their levels of 
interests) in the context of reading an electronic document. 
This is achieved using a non-intrusive scheme through 
employing a simple web camera installed on a 
desktop/notebook computer to detect and track the head, eye 
and hand movements [6] and provides an estimation of the 
level of interest and engagement of each individual learner with 
the use of a neuro-fuzzy network [8]. Experiments show that 
the proposed e-learning system can detect reading- and
attention-related user states very effectively in a testing 
environment where children’s reading performance is tracked.

III. THE SYSTEM FEATURES OF OUR PETAL PLATFORM

Fig. 1 shows the basic design diagram of the activity 
sequence involved in the PETAL e-learning system. Carefully 
distinguishing and handling the real-time events of each layer 
of our application are crucial in the development of both the 
front- and back-end of the PETAL system. A thorough 
understanding of the Android life-cycle of activities, fragments, 
dialog fragments, and the OpenCV face detection methods 
enable us to execute all those timely notifications in the 
PETAL system. After successfully hiding the camera preview 
screen from the user, a substantial amount of efforts was spent 
to facilitate the communication between face detection data and 
the video player. When the camera detects an emotion, an 
emotion variable is set to a specific integer value to be shared 
with the video player. This mechanism allows us to track and 
analyze students’ responses to educational videos, therefore
enabling the PETAL system to halt the video and notify the 
user as necessary.
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Fig. 1. The System Diagram About the Activity Sequence of our PETAL e-
Learning Platform

To further customize this e-learning experience to the user, 
our application also keep tracks of the time of the video when 
the user was distracted, sleepy, or zoning out. At the end of the 
video, a summary report will be displayed. The student can 
then use this summary to determine at what points of the video 
they were least focused and hence possibly most confused or 
uninterested in the presented material. At the bottom of the 
screen, the number of times the concerned learner was 
distracted, sleeping, or zoned out will be displayed to promote 
the self-evaluation of attentiveness after viewing the whole 
video.

IV. AN EMPIRICAL EVALUATOIN OF OUR PROTOTYPE 
IMPLEMENTATION

To demonstrate the feasibility of our proposed e-learning 
system, a prototype of the PETAL platform was carefully 
developed on the Android system (Version 4.3) with the 
OpenCV library (Version 2.4.5) and thoroughly tested in 6 
man-months. Fig. 2 gives the different diagrams showing the 
pupil detection and its use to determine the learners’ distraction 
in various scenarios with a previous implementation of our 
PETAL system. There were some initial and positive students’ 
feedbacks collected on our initial prototype and reported by a 
voluntary student group in HKU. For detail, refer to [9]. Fig. 3 
shows the two diagrams of calibration and pupil detection of 
our enhanced PETAL platform to estimate the level of 
attentiveness and the proximity of the concerned learner to an 
Android tablet while viewing an educational video with the 
enhanced version of the PETAL platform. A more detailed 
evaluation and analysis will then be carefully conducted in 
specific courses such as the ELEC 2601 Human Computer 
Interaction course offered in our Faculty of Engineering in the 
first semester of 2015.

Fig. 2. Diagrams Showing the Calibration, Pupil Detection and Its Use to 
Esimate the Learner’s Distraction with a Previous Version of our PETAL 
system

Fig. 3. Diagrams Showing the Calibration and Pupil Detection of our 
Enhanced PETAL System to More Precisely Esimate the Learner’s
Distraction 

V. CONCLUDING REMARKS

Undoubtedly, mobile computing and sensing technologies 
advance very fast to continuously reshape the way we live and 
learn over the past decade. In this paper, we carefully consider 
an effective and interesting development framework of the 
PETAL e-learning system to build an interactive video player 
application fully integrated with sophisticated image 
processing techniques for detecting eye movement and head 
orientation, and possibly with some initial analyses on facial 
expressions, as captured with web cameras of the mobile 
devices that enable a totally new and personalized way of 
learning experience anytime and anywhere. Specifically, we 
strived to enhance our earlier prototype of the PETAL 
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application with a higher accuracy of detection of the learners’ 
attentiveness. Our enhanced PETAL mobile application can 
alert any learner more precisely when his/her eyes are detected 
as being ‘too close’ regarding the proximity of the learners’ 
eyes to the mobile devices for protecting their eyesight. Since
Android tablets are becoming more popular in the global 
market of mobile devices, our enhanced PETAL application 
can potentially reach an incredibly large number of learners, 
therefore likely to be very influential.

There are many possible directions for future 
investigations. Examples include the porting of our current 
implementation to the iOS platform, and a thorough analysis on 
the pedagogical impacts of our proposed PETAL e-learning 
system on different learners no matter they are inside and 
outside of the classroom for the next-generation e-learning 
system. Furthermore, future enhancements in both hardware, 
such as any further increase in the speed of image frames 
captured by the underlying camera, and software with more 
powerful versions of the OpenCV library or more accurate 
facial detection methods should be considered. Last but not 
least, further cascade training and enhancement in the pose 
detection algorithms may help to promote the capability of our 
PETAL system to detect other relevant types of student 
responses like their confusion or frustration.
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