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Forward

The eleventh edition of the International Conference on Mobile, Hybrid, and On-line Learning
(eLmL 2018), held in Athens, Greece, February 24 - 28, 2019, focused on the latest trends in e-
learning and also on the latest IT technology alternatives that are poised to become
mainstream strategies in the near future and will influence the e-learning environment.

elLearning refers to on-line learning delivered over the World Wide Web via the public Internet
or the private, corporate intranet. The goal of the eLmL 2019 conference was to provide an
overview of technologies, approaches, and trends that are happening right now. The
constraints of e-learning are diminishing and options are increasing as the Web becomes
increasingly easy to use and the technology becomes better and less expensive.

eLmL 2019 provided a forum where researchers were able to present recent research results
and new research problems and directions related to them. The topics covered aspects related
to tools and platforms, on-line learning, mobile learning, and hybrid learning.

We take this opportunity to thank all the members of the eLmL 2019 Technical Program
Committee as well as the numerous reviewers. The creation of such a broad and high-quality
conference program would not have been possible without their involvement. We also kindly
thank all the authors who dedicated much of their time and efforts to contribute to the eLmL
2019. We truly believe that, thanks to all these efforts, the final conference program consists of
top quality contributions.

This event could also not have been a reality without the support of many individuals,
organizations, and sponsors. We are grateful to the members of the eLmL 2019 organizing
committee for their help in handling the logistics and for their work to make this professional
meeting a success.

We hope that eLmL 2019 was a successful international forum for the exchange of ideas and
results between academia and industry and for the promotion of progress in elearning
research.

We also hope that Athens provided a pleasant environment during the conference and
everyone saved some time for exploring this beautiful city.
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Augmented Reality Application for Telecommunications Concepts Learning

Patricia Madrinan
i2t Research group—CENIT Research
Center
Universidad Icesi
Cali, Colombia
e-mail: patri@elsitiomio.com

Abstract—Learning concepts is difficult using only a traditional
chalkboard approach; practical experience to develop
enigineering abilities, however, can be expensive and complex. In
this setting, a gamification approach is useful and can improve
the learning process. The objective of this paper is to present an
educational experience based on a technological development
that is implemented on a smartphone using augmented reality.
The purpose of this approach is to facilitate learning by
maintaining the attention and interest of users/learners through
game techniques, and to develop soft skills, such as teamwork
and lifelong learning.

Keywords-games;
gamification.

serious games; engineering education;

I. INTRODUCTION

Soft skills, such as teamwork, communication, and lifelong
learning are essential for today’s engineers but are fairly
difficult to employ and evaluate. In addition, some concepts in
radio engineering are traditionally taught in the classroom
using a mathematical and theoretical approach. In this study,
we propose a new approach for learning a traditional concept:
radio localization, or direction finding (DF). Radio
localization using line of bearing is a well known concept that
has been described in the literature. However, our field
experience has demonstrated that although many engineers
understand the concept theoretically, they are unable to use
DF equipment to locate an emitter. The use of portable DF
equipment and illegal emitters is expensive, and there are
regulations that prohibit the use of real test scenarios for
training engineering students.

As a consequence of these limitations, we have developed
an application called Hunting, with the aim of developing not
only technical skills pertaining to DF concepts, but also soft
skills, such as teamwork. Hunting refers to a task in
telecommunications that involves using the line of bearing
technique to locate a radio transmitter with a portable device.
It should be noted that commercial devices for this purpose are
sold by main test equipment manufacturers.

Telecommunications, within the context of engineering,
encompasses a wide range of specific areas. It is a
multidisciplinary field whose specific language must be
decipherable by teams having different levels of abilities.
Presenting an application in this field in a friendly and
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Domiciano Rincon
i2t Research group
Universidad Icesi
Cali, Colombia
e-mail:
domiciano.rincon@correounivalle.edu.co

Andres Navarro
i2t Research group—CENIT Research
Center
Universidad Icesi
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effective manner has been an incentive and challenge for our
work.

Engineers, and more specifically engineering students,
require skills that allow them to experiment proactively to
acquire long-term learning abilities; simply acquiring
knowledge that expires in a short time does not suffice. Each
educational experience can be an opportunity to ask questions,
make decisions, and dare to challenge previous assumptions.

The Hunting application serves to teach the basic concepts
of DF. It is a serious multiplayer educational game that is
developed as an application for Android cell phones using
augmented reality. It integrates hardware capabilities to enable
interaction with the application in the cloud, which can be
remotely controlled by an instructor from a server, locating
users in real time and adjusting the location of the goal.

The cognitive objective is very specific: to locate a source of
interference. To accomplish this task, the apprentices must
leave the classroom, or the enclosure, to find the source, aided
by sounds, animations, and a dynamic map in the application.
A clear goal, sense of achievement, deciphering an enigma,
and conquering an objective are the essential components for
maintaining motivation within the game, all while discovering
and learning concepts in a pleasant and satisfying way.

With respect to technological devices, different levels of
intimacy exist. The cell phone has become an extension of the
body and is perceived as part of the individual, a prosthesis
without which life seems unthinkable. This phenomenon
occurs mainly among young people, who appear as true
cybernetic organisms, or “cyborgs” [1]. A new category of
educational mediation based on modern information and
communication technologies has emerged, taking advantage
of widespread smartphone use. Combining gameplay,
usability, interactivity, and empathy, these afore-mentioned
educational technologies can provide a friendlier learning
environment than has so far been available.

Removing students from the classroom and including
physical movement within a learning activity involves new
challenges. The main objective of the proposed learning
activity is to use a technological tool to help break the habits
of passive learning and to force students to be active
participants in the learning process.

Hardware limitations present several development
challenges, however, such as the lack of standardization in the
technical specifications of various commercial smartphone
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models. The link between mobile devices, which are
increasingly affordable for the vast majority of the population,
and new technologies gives rise to opportunities that transcend
geographical distance and digital gaps. In this work, these
opportunities are applied to education in the realm of
engineering.

The remainder of this paper is organized as follows. In
Section II, we describe the application and related concepts. In
Section III, we present several technical matters and
preliminary results obtained from a small group of students
and individuals of different ages. In Section IV, we present
conclusions and proposals for future work.

II. EXAMPLE OF “LIES” MEDIATED BY A TECHNOLOGICAL
APPLICATION

With our hunting application, we introduce the concept of a
learning immersive experience significant (LIES), a proposal
for an educational methodology that takes into account the
experience of the individual and uses an application as a
technological mediator. We play with the word Jies (from the
verb lie) to express that a virtual, or unreal world, using
augmented reality (immersive experience) is used to enhance
the learning experience (significant experience).

We propose a blended immersive approach, attempting to
make use of traditional online virtual courses. However, our
approach is neither a typical face-to-face course nor a virtual
or traditional blended concept. Instead, it falls between both of
these teaching methods, supposing a pedagogical mediator.
On the one hand, there is mobile technology, which offers,
similarly to tattoos or prostheses [2], an ever-present
companion that accompanies individuals everywhere. On the
other hand, there is the instructor, who provides a pedagogical
experience by guiding a group in an adventure. The
pedagogical figure has a great significance in all types of
“disciplines” (which is received from another individual), in
contrast to “invention” (which is discovered by oneself) [3].

Technology acts as the pedagogical mediator [4] between
the cognitive content of the course and the interpersonal
relationship between different participants of the same
experience. It facilitates situations, triggers emotional
responses, and generates circumstances that extend the
boundaries of traditional education [5].

Fear is a barrier that can stop the immersion that enables
the empowerment of knowledge [6]. However, the playfulness
conspires to deal with the initial fear and overcome it.
Through the game, we can appreciate the way in which the
intangible becomes visible through a mediating device
(augmented reality) when paying attention to signals and
directions that guide us toward an objective. The relationship
between the digital map and the terrain that we tread and the
encounter with physical experiences related to a mental
process generates an educational atmosphere that increases the
level of consciousness and, therefore, the ability and
autonomy to solve problems. A LIES search aims to make the
apprentice, gamer, or user desire to learn and experience the
following: “Instead of resisting or being scared when facing a
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task, we softly accomplish it, alive and fulfilled with new
knowledge, and avid to see what comes next” [7].

The Hunting application is not a competitive game. All
students must decipher the enigma (the location of the
emitter), and collaboration is promoted when a team of two or
more students share a device. The goal is clear: the students
must locate the pirate (illegal emitter), which is the
interference source responsible for generating problems
(represented by a parrot as a figurative image of the target to
be located). Hunting tasks involve DF issues, in which
engineers must discover the precise location of the source on a
map and travel to that location to retrieve it. With the Hunting
application, students are immersed in the combination of the
real world and the virtual world (as the information is
generated in the application), and they must physically travel
around the campus to find the emitter.

III. TECHNICAL FINDINGS AND PRELIMINARY RESULTS

The Hunting application requires an Internet connection, a
cell phone with a global positioning system, and at least one of
the following three sensors to be able to operate: digital
compass; magnetic field sensor; and/or orientation sensor. The
application uses an accelerometer to determine the position of
the cell phone with respect to its center, and it uses the
orientation sensor to determine the position of the cell phone
with respect to the earth’s north (and in this way, determine
the direction in which the device points). Initially, we
expected that most mid- to high-end devices would
incorporate the required sensors, as they are used in many
popular navigation applications.

The application was tested with various devices, including
Huawei P8, Lenovo Vibe K5, Motorola Moto G2, Motorola
Moto G3, Motorola Moto G4 plus, Motorola Moto X,
Motorola Moto Z, Samsung Galaxy S6 Edge, and Samsung
Galaxy Alpha. Of these cell phones, all the high-end phones
were compatible with the application; that is, they possessed
the required sensors. However, game performance in all cases
was not identical. Samsung phones were expected to have
superior performance, but their orientation sensor offered
lower resolution by launching as few angles as possible when
making a loop with the cell phone. Motorola Moto G2 and G4,
Moto X, Huawei P8, and Lenovo Vibe K5 offered superior
resolution in their orientation sensors, achieving improved
performance by improving fluidity when making a sweeping
motion looking for the “pirate.” In contrast, to our surprise,
Motorola Moto G3 and G4 Plus were not compatible with the
application because they lacked an orientation sensor. We
expected them to possess the sensor, as they were newer
versions of the Moto G2 that did possess the orientation
sensor. Finally, it should be noted that for correct operation of
the orientation sensor, the mobile device must be shaken in all
directions before starting the game.

Until now, we had only tested the application in a small
group of undergraduate students to obtain an initial impression
of the user experience. For the majority of the students, the
use was intuitive, and all teams found the emitter. Some
students had comments about the initial instructions; however,
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the application purposely lacks instructions. Because the game
is intended not only for engineering students, but also for
individuals from different telecommunications disciplines, the
friendliness of the interface is important for facilitation of
usability. Figure 1 demonstrates the initial screen of the
application, and Figuress. 2 and 3 display students playing the
game. In both figures, it is possible to see the various lines of
bearing that are generated by the simulated direction finder in
the application.

HIANT NG

Figure 1. Welcome image of the application

Figure 2. Student testing the application

Copyright (c) IARIA, 2019. ISBN: 978-1-61208-689-7

Figure 3. Searching for the target.

IV. CONCLUSIONS

The educational experience process is the pedagogical
objective itself, where the goal of the game is the excuse and
learning is an additional gain. The important issue is the
involvement of the skills necessary to achieve the goal and the
manner in which this goal is achieved.

For the first time we propose and apply in this work the
LIES concept using the Hunting application. This application
of the LIES method, as a pedagogical mediation exercise
using a technological development, is an example of a user-
centered activity that offers a simple way of active learning,
bypassing usual procedures by breaking away from the
boundaries of the classroom.

Although technology serves as a mediator of the
pedagogical process, it is not the center of the experience, but
rather a tool. Requiring the application of knowledge, and
transcending traditional classroom borders, the application
allows for the integration of cognitive abilities and active
learning. The LIES approach promotes the active role of the
student, as students are eager to receive feedback that clarifies
their experience. The Hunting application opens the door to
learning, offering an autonomous exploratory activity.

One implementation problem of the Hunting application
involves the differences in the performances of device sensors,
as well as the lack of standardization in the technical
specifications of different smartphone models. This issue
results in different yields and accuracy of location data, and
should be addressed in future work.
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Reading Behaviors of Japanese Learners

Based on Logs Recorded by Users of Digital Books

Teiko Nakano

Shobi University
Saitama, Japan
email: t-nakano@b.shobi-u.ac.jp

Abstract—In this paper, the reading behaviors of Japanese
learners in the upper intermediate level were analyzed
according to reading time, amount of reading, dictionary use,
the results of pre- and post-vocabulary tests, and the results of
a quiz about the book that the learners read. Data on reading
time, amount of reading, and dictionary use were collected
from the learners’ reading logs recorded on BookLooper, an
application for viewing digital books. Results show that the
learners who had read more understood the contents better
and read faster than those who had read less. Furthermore,
learners appeared to learn vocabulary incidentally in a
virtuous circle of reading; once they enter that circle, they need
to read books that are appropriate to their vocabulary level.

Keywords-extensive reading; reading behaviors; virtuous
circle; good reader; incidental vocabulary learning.

1. INTRODUCTION

Extensive reading is an approach of second language
learning that improves language ability in a pleasurable way
[1][2]. In particular, extensive reading using graded readers,
where learners can repeatedly encounter unknown words,
has an effect on learners in which they learn vocabulary
incidentally [3]-[6]. Incidental vocabulary learning happens
when words are learned by way of guessing because of
repeated exposure to them in context while reading. In the
process where unknown words become known words, there
is a stage where learners recognize they have seen a word
even though they do not know its meaning [7].

Day and Bamford [8] suggested that extensive reading
can be included in a second language curriculum as an
extracurricular activity. If the learners can learn the target
language through extensive reading as an extracurricular
activity without teachers’ support; and if there is an on-line
system that substitutes for the teacher, the learners who study
Japanese as a second language by themselves can enjoy
extensive reading on-line and evaluate and improve their
language skills. The authors of this paper have developed
Japanese graded readers with their colleagues [9] based on
extensive reading and graded readers in English [6][10], and
a support system for Japanese extensive reading [11] to
benefit learners who cannot have the support of a teacher.

A. Good Readers

Extensive reading is a good approach for building
vocabulary knowledge; however, as Coady [7] mentioned,
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learners are not able to continue reading and learn new
vocabulary when they lack the basic vocabulary required to
continue reading books. Nuttall [12] called this a vicious
circle. That is, learners who find themselves in this circle
read slowly, do not feel enjoyment, and do not read more.
On the other hand, learners become good readers when they
are in a virtuous circle, wherein they understand the content
better, they enjoy reading, they read faster, and they read
more [12]. Good readers can read quickly and better
understand content, and then they read more [12].

B.  Behavior during Extensive Reading

In contrast to intensive reading, which teachers use as a
part of instruction in a general classroom, extensive reading
can be done at anytime and anywhere with books that
learners choose. However, many of the studies on the
effectiveness of extensive reading investigate reading records,
comments about books, and questionnaires conducted in a
classroom [13]-[15].

In a study on behavior during extensive reading using eye
camera, Kumada and Suzuki [16] observed the eye
movement of participants while they did extensive reading
and found they fixed their eyes on words more often and
longer towards the end of the experiments. In addition,
Kumada [17] reported on the way readers’ attention changed
from words to content by analyzing protocol data using the
think-aloud method. In these investigations, learners read
books that were given to them by teachers during class time.

Nakano [11] evaluated the support system for Japanese
extensive reading and found the system was useful for
independent learners to engage in extensive reading by
choosing books by themselves. From the post questionnaire,
the researcher reported the participants of the study evaluated
a page called the “Personal Page” on the system positively,
because on this page they could confirm by their reading logs
what books they had read and how quickly they had read
them [11]. The study also showed that those who read more
and faster were from the group of participants whose
Japanese proficiency level was higher [11]. However, the
researcher did not find a relationship between reading speed
and motivation. Are these participants who read more and
faster good readers in Nuttall’s [12] terms? What are the
characteristics of their reading behavior? Reading behavior
data could suggest ways of supporting learners to become
good readers.
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C. Study Questions

To find out how the learners of Japanese behave during
extensive reading outside the classroom without a teacher’s
assistance, this study used a BookLooper to record learners’
reading logs. BookLooper is an application for viewing
digital teaching materials. Ogata et al. [18] revealed common
learning behavior of the first-year university students whose
grades went up by analyzing the amount of reading recorded
on BookLooper and the time of day when they read. With
this system, it is also possible to record other reading
behavior such as the way that students open books, turn
pages, turn back to previous pages, take notes, mark
unknown words, and close books.

Therefore, this study examines the following questions:

1. Is there a difference in reading speed between learners
who read more and learners who read less?

2. How do learners who read faster and understand
content better behave, and how do learners who do not
read faster and do not understand content better
behave?

In Section II, the purpose and method of this study will be
explained. Then, in Section III, the results will be discussed.
In Section 1V, the study will be concluded. In Section V, the
study’s limitations and further work will be discussed.

II.  PURPOSE AND METHOD

Here, we will introduce the purpose and the participants
and then, explain the methodology of the study and the
reading materials, vocabulary tests, questionnaires, and
quizzes used. Lastly, we will show the reading logs.

A. Purpose

The purpose of this paper is to describe the behavior of
good readers and to know the way good readers read in a
virtuous circle by analyzing reading logs recorded by
Japanese learners in the upper intermediate level.

B. Participants

Six international students (three male and three female)
at three Japanese universities independently participated in
this study. Their home countries included China (3),
Vietnam (2), and Malaysia (1). As for the first language of
the participants, four participants spoke languages that use
Chinese characters, while two spoke languages that do not.
Their Japanese learning experience ranged from 8 months to
30 months (average 23 months). To ascertain participants’
Japanese abilities, they were asked to declare their recent
Japanese proficiency levels, if they had taken a proficiency

TABLE 1. JAPANESE PROFICIENCY OF PARTICIPANTS
1D First Language JLPT Vocabulary

1 Chinese N2 73

2 Chinese - 61

3 Vietnamese N2 80

4 Chinese N2 86

5 Chinese - 59

6 Vietnamese N2 64
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test on Japanese language. In order to assess their present
level of Japanese vocabulary, the vocabulary section of a
Japanese Language Proficiency Test (JLPT) was
administered by the authors of this paper. The results are
shown in Table I. The scores were calculated so that a
perfect score would be 100.

C. Method

Participants were required to read reading materials in
the three holiday weeks from December 2016 to January
2017. They were then required to answer questions about the
book and complete a questionnaire about the reading after
they had finished reading each book. Pre- and post-
vocabulary tests and questionnaires were conducted within a
week before and after the reading. Data collection methods
are shown in the following sections.

D. Reading Materials

As reading materials, a collection of Japanese graded
readers [9], which is divided into eight levels from level A to
H (beginner to upper intermediate levels), was used. They
are written in Japanese using hiragana, katakana and kanji,
but all the kanji words have hiragana written beside them to
help learners read smoothly. Participants chose the specific
titles on their own and read them on their own devices using
BookLooper which provides reading materials in PDF. Since
the titles the learners chose varied according to their interest,
and one title read by all the participants was “Bocchan,” this
study investigates its reading logs. “Bocchan” is an E level
reader (intermediate), and consists of 31,000 letters and 128
pages on PDF. PDF pages are fixed and do not reflow like E-
Books. This means the contents of a page do not vary
depending on the device used by a participant. While the
length of English text is counted by words, the length of
Japanese text is counted by the number of letters.

E.  Pre- and Post-Vocabulary Test

To investigate whether participants had learned words
used in books through reading, a vocabulary test on the
collection of the present graded readers was prepared
according to the below-mentioned procedure and conducted
as pre- and post-vocabulary tests. In order to ensure that
participants who do not use kanji in their first language were
not at a disadvantage, all the test items were written without
using kanyji.

Depending on the word frequency in “Bocchan”, low-
frequency words, medium-frequency words, and high-
frequency words were defined as being used 2-3, 4-9,
and more than 10 times, respectively. Thirteen words
(five low-frequency words, two medium-frequency
words, and six high-frequency words) were chosen as
test item words.

2. Ten dummy words that were not used in the book used
in this study including “Bocchan” were chosen from the
vocabulary list developed for writing graded readers [9].

Participants were asked to answer according to the
following choices.

[a] This is the first time I have seen this word.
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[b] I have seen this word before, but I do not know its
meaning,.
[c] I know the meaning of this word.

Referring to Coady [7], Grabe and Stroller [19], and
Paribakht and Wesche [20], participants were asked to write
the meaning in their first language when they chose [c]. To
judge whether the meanings from [c] were correct, one of the
authors and a translator whose first language was the same as
that of the participant compared the answer to the previously
prepared translation made by the translator.

F.  Pre- and Post-Questionnaire

A questionnaire was administered before and after the
research. In the pre-questionnaire, participants were asked
about the following: self-assessment of their reading ability,
difficulties in reading, interest in reading graded readers
preferred language to read in (Japanese or one’s first
language), average reading amount in a month, and devices
they usually use for reading digital books. Also, both in
Japanese and their first language, they were asked whether
they like to read and the genre of books they read. In the
post-questionnaire, participants were asked which devices
they had used to read in this study, their preference between
paper and digital when reading, the effects of graded readers,
and a comparison between graded readers and authentic
books: (see Appendices A and B for complete versions).

G. Quizzes

To ascertain participants’ understanding of the content,
they were asked to answer five questions on each title using
an online system [21]. Each question had four choices for
answers and was used to gauge their reading comprehension.
The system displays correct answers and the rate of correct
answers after participants submit their answers.

H. Reading Logs

The following logs left by participants were collected by

BookLooper.

1. Date and time of using specific functions: open (to
open PDF file), close (to close PDF file), preview (to
go back to a previous page), and next (to go on to the
next page).

2. Words marked on BookLooper as “unknown words”
and as “words looked up in a dictionary”

3. Comments inserted by participants when reading the
book.

III.  RESULTS

First, we will show the reading logs recorded by the
participants and the number of new words they learned
through reading. Then, we will discuss the relationship
between Nuttall’s circle and the behaviors of the
participants. Lastly, we will discuss how the unknown
words were learned.

A. Reading Logs

Table IT shows the results of the reading logs. “ID” refers
to each participant. “Page” means the number of the last
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TABLE II. READING LOG
I | Pag | Op | Prev | Unkn | Dicti | Tim | Time/ | Vari | Not
D e en iew own onary e Page | ance e
1] 128 | 91 142 35 11 285 2.2 4.8 15
2| 128 | 46 21 9 0 263 2.1 33 0
31128 | 73 55 6 0 229 1.8 1.6 0
4| 128 6 47 1 0 233 1.8 2.4 2
51 23 18 12 1 0 92 4.0 16.3 0
6| 27 20 29 0 1 49 1.8 4.5 2
TABLE III. RESULTS OF PRE- AND POST-VOCABULARY TEST

1 . Words actually used (13) Dummy words (10)
D Quiz 1-1 1-0 | 0-1 | 0-0 1-1 1-0 | 0-1 | 0-0
1 80 1 0 2 10 0 0 0 10
2 60 0 0 5 0 0 0 10
3 80 4 1 1 0 1 0 9
4 80 5 0 2 0 0 0 10
5 - 1 1 0 11 0 0 0 10
6 40 3 0 2 8 2 0 0 8

Total 14 2 12 | 50 2 2 0 57

continuous page the participants read. “Open” shows the
number of times that participants opened books on their
devices. “Preview” refers to the number of times that
participants went back to the previous page. When the
number of “Open” and “Preview” is higher, it means that the
participant more frequently interrupted reading. “Unknown
words” refers to the number of words that participants
marked as unknown. “Dictionary” shows the number of
words that participants marked as words that they looked up
in a dictionary. As Day and Bamford [8] encouraged
students not to use the dictionary while reading, the authors
of this paper also encouraged participants not to use a
dictionary unless they found it difficult to understand the
passage without knowing the meaning of a certain word.
“Time” refers to the total number of minutes spent on
reading. “Time/Page” refers to how many minutes it took a
student to read one page on average. “Variance” refers to
how far a set of numbers are spread out from their average
value. A high number tells us that a reader read at widely
different speeds. For example, if we look at three participants,
ID3, ID4, and ID6, we can see that their average reading
speed was 1.8 minutes per page each. However, ID3 and ID6
varied widely in the span of time it took them to read
different pages. “Variance” can show us what “Time/Page”
cannot show us. Perhaps, ID6 became distracted while
reading and this may explain why he/she gave up reading
after 27 pages. It can be noted that participants who met
many “Unknown” words and often used a “Dictionary” took
more time than those who did not. Participants tended to
need more time to read a page in the early part of a book
compared to later pages. Participants most likely were not
accustomed to BookLooper and did not have the background
knowledge needed for the book in the first half. “Note”
shows the frequency that participants inserted comments
such as “it is interesting,” “I was impressed,” and “I do not
understand” while reading.
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B.  Number of Words Learned

Table III shows the results of pre- and post-vocabulary
tests. “1” means that the answer for [c] was correct, and “0”
means that the answer for [c] was incorrect. “0” also appears
when answers were [a] or [b]. For example, “1-1” shows that
participants answered correctly on both the pre- and post-
vocabulary tests. In comparison between the words that were
actually used and the dummy words, the answer set of “1-1”
was found more in words that were actually used. It was to
be expected that words that the participants already knew
were used in the books, because the books were chosen
based on their appropriateness to the vocabulary level of the
participants. “1-0” shows that participants answered
correctly before reading, and answered incorrectly after
reading. There were two such results in this category, both in
words that were actually used and in dummy words. “0-1”
shows that participants answered incorrectly before reading,
and correctly after reading. There were twelve such results in
words that were actually used, as opposed to 0 in dummy
words. This indicates that the participants learned the
meaning of those words through reading.

C. Virtuous and Vicious Circle of Reading

When dividing participants into good readers (in the
virtuous circle) and weak readers (in the vicious circle)
based on Nuttall’s [12] theory, ID1, ID3, and ID4 were
considered to be good readers and ID5 and ID6 were
considered to be weak readers. In addition, we found ID2 to
be a reader “on the way to being a good reader.”

The average reading time spent per page for the four
participants (ID1, ID2, ID3, and ID4) who finished reading
“Bocchan” was around 2 minutes (Table II). From the
results shown in Table III, they understood 80% of the
content, with the exception of ID2.

ID4 received the highest vocabulary score, 86, in Table I,
and gave the highest number of known words (with an
answer set of “1-17), five, words that were actually used, as
shown in Table III. Because the number for “Open” is lower,
it can be inferred that ID4 concentrated while reading. ID4
also left the comments, “It was interesting,” and, “It was
sad.” That is, ID4 had already become a good reader in the
virtuous circle because ID4 knew many words, understood
well, enjoyed reading, and read at a fast pace.

ID1 and ID3, who finished reading with an appropriate
reading rate, were also good readers. It can be inferred that
ID1 took more reading time than average because she went
back to the previous page and marked many items with
“Unknown” and “Dictionary.” It is likely that the variance
of ID1 was greater because the time spent on the page where
marks were left tended to be longer. ID1 enjoyed the
reading, leaving many comments such as “It was
interesting,” “I could laugh,” and “I was impressed.”

In contrast to these participants, ID2 lacked necessary
vocabulary, receiving 61, the lowest vocabulary score in
Table I. ID2’s comprehension was slightly lower than other
participants’ because he received a grade of 60 in questions
about the book. He opened 46 times, went back to a
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previous page 21 times, and didn’t use dictionary. However,
ID2 received a mark of 5 in “0-1” in words actually used in
Table III, which was the highest. These results suggest that
ID2 read by guessing the meaning of unknown words from
context without going back to the previous page. Nuttall
[12] said that any factor out of speed, enjoyment, and
comprehension could provide the key to move students out
of the vicious circle and into the virtuous one. ID2 read with
appropriate speed and learned unknown words by guessing
from their context. ID2’s behavior shows the process of “on
the way to being a good reader.”

On the other hand, ID5 and ID6, who did not finish the
reading, were considered as being in the vicious circle.
These two participants answered “my reading ability is not
good” in the pre-questionnaire. ID5 spent 4 minutes per
page, which was the longest. ID5 received a vocabulary
score of 59; it is likely that she encountered many unknown
words while reading. However, she marked only one word
as “Unknown,” because she had read only 23 pages. ID5
answered “I prefer paper” to the question “How did you feel
about the digital book compared to a paper book?”

ID6 took 1.8 minutes to read a page, which was short.
The vocabulary score of ID6 was 64, and she read 27 pages.
ID6 never marked “Unknown” and left the comment “I do
not understand well” on page 4. Although ID6 had slightly
more vocabulary than ID2, either she was not accustomed to
reading on digital books or did not enjoy reading the book.
ID6 answered the questions about the book although she
had not finished it.

D. How the Unknown Words were Learned

To better understand the behavior of a participant who
learned words during reading, the words marked on the
BookLooper among the items of the vocabulary test are
shown in Table IV, which shows IDI’s results. The
frequency of each word in the book is shown in parenthesis.
ID1 marked “Dictionary” on “shukuchoku (night duty)” and
“batta (a grasshopper)” and “Unknown” on “kinodoku
(sorry).” In the pre-vocabulary test, ID1 answered [b: I have
seen this word before, but I do not know its meaning] to
“shukuchoku,” however, he looked it up in a dictionary and
answered correctly in the post-vocabulary test. For “batta”
and “kinodoku,” ID1 answered [a: This is the first time I
have seen this word]. However, ID1 did not look them up in
a dictionary, and answered [b] in the post-vocabulary test. It
can be inferred that he guessed the meaning of the word
because the illustration of “batta” was in the book. To
“kinodoku,” 1D1 provided the words in his first language, “I
am sorry, excuse me” in Japanese. Although the answer was
judged to be incorrect through the discussion between one of
the authors and the translator, it seems that she guessed a

TABLE IV. RESULTS OF PRE- AND POST-VOCABULARY TEST:
WORDS WITH MARKS IN THE READING LOG
b shukuchoku (22) batta (12) kinodoku (8)
pre post pre post pre post
1 b 1 a b a 0
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similar meaning from the context. Although participants who
got many “0-0” scores in Table III are considered to not have
learned the words through reading, there may be cases
similar to ID1, who had guessed a similar (but not exact)
meaning from context.

IV. CONCLUSION

In this study, participants who finished reading are
defined as “learners who read more pages” and participants
who did not finish reading are defined as “learners who read
fewer pages.” In this section, first, we will discuss study
question 1 and study question 2. Then, based on the
behavior of ID2, we will discuss who was on the way to
being a good reader, ways to support learners as they move
into the virtuous circle.

A. Amount Read and Reading Rate

In comparison between the learners who read more and
the learners who read less, the former took 2.0 minutes to
read a page while the latter took 2.9 minutes. It can thus be
said that learners who read more take less time to read than
do learners who read less. That is, learners who read more
read faster.

B.  Reading Behaviors Shown in the Amount and Rate of
Reading

Using the results of questions about books as ways to
measure comprehension, it can be said that learners who
read more, who gave 75% correct answers on average,
understood the content. This, combined with the results of
question 1, shows that “learners who can read faster and
understand contents” read more. In that case, how did the
readers who read slowly, and gave up reading after 20% of
the book, understand the contents? The comprehension level
of ID5 is unknown, because she did not answer the
questions about the book. On the other hand, ID6 answered
the questions about the book, and showed a 40%
comprehension rate, and, in addition, learned words from
the book. However, it may be that a lack of understanding
caused her to stop reading because she left the comment “I
do not understand well.” Therefore, it can be said that
“learners who cannot read faster and do not understand the
content” read less.

C. Shift to a Good Reader

Among “learners who could read faster and understand
the content,” ID2 had a lower vocabulary level than the
other learners, who had already become good readers (ID1,
ID3, and ID4). Therefore, ID2’s comprehension was slightly
lower than that of the others. However, the number of words
that he had learned through reading was the highest among
participants. This shows that the level of reading material
was appropriate for ID2. ID2 read with appropriate speed
and learned the meaning of words incidentally by guessing
meaning from the context. It has been said that more than
95% of words in the text should be known by readers in
order for them to learn the meaning of unknown words by
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guessing from context [6][22][23]. The lack of vocabulary is
considered to be the reason that ID5 and ID6 could not
finish the reading. These results show that there are two
categories among the learners who finished reading: learners
who have already become good readers and those who are
on their way to becoming good readers.

These results suggest that incidental vocabulary learning
occurs for learners in the process of getting into the virtuous
circle. At the same time, to enter the virtuous circle, learners
need to read a book that is appropriate for their vocabulary
level. In order to support learners as they move toward the
virtuous circle to becoming good readers, providing a tool
that can judge learners’ vocabulary level is necessary in
order to know the appropriate level of graded readers for
them to start reading.

V. LIMITATIONS AND FURTHER WORK

In this study, to describe the reading behavior of
Japanese learners outside the classroom, logs on digital
books recorded by participants were analyzed. From the
results, the behavior of learners both in the virtuous circle
and in the vicious circle, as defined by Nuttall [12], could be
seen. In addition, the reading behavior of the learners with a
lower vocabulary level, who continued reading by guessing
the meanings of unknown words from context, shows that
the process of moving into the virtuous circle can include
incidental vocabulary learning. However, the results of this
study cannot be generalized because of the small number of
participants. Furthermore, participants’ Japanese ability was
assessed on the basis of vocabulary alone, but not in general.
To improve the support system for Japanese extensive
reading, a larger-scale study with more participants is
needed to reveal the details of the virtuous circle of reading
and the effect of vocabulary learning through extensive
reading. This can be done by collecting more data from
participants and giving a general assessment of their
Japanese ability.
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APPENDIX A

Pre-Questionnaire

How would you describe your reading comprehension
level? Why do you think that?

a)Very good

b)Good

c)Fair

d)Not good

e)Bad
What is difficult for you when you read in Japanese?
(you can choose more than two)

a) Unknown words

b)Pronunciation of kanji

¢) Grammar

d)Other (please write in detail.)
Would you like to read graded readers?

a) Would very much like to read

b)Would like to read

¢)Yes and no

d)Have no interest
Do you like to read? Please answer regarding both
Japanese and your first language.

a)Yes

b)No

¢)I do not mind
What genre do you read? Please answer regarding both
Japanese and your first language (you can choose more
than two)

a)Newspaper

b)Novels

c)Magazine

d)Manga

) Other (please write in detail)
Which language do you read in the most?

a)Japanese

b)Your first language

c) Almost the same
How many books do you read in a month on average?
Please answer regarding both Japanese and your first
language.

a)0

b)1-2

c)3-4

d)5-6

e)7-9

f) more than 10
Which devices do you use when you read a digital
book?

a)Tablet

b)Smartphone

c)PC

d)Other
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APPENDIX B

Post-Questionnaire
Which devices did you use to read digital books? (you
can choose more than two)
a) Tablet
b) Smartphone
c) PC
d) Other
Do you prefer paper books or digital books and why?
Please choose one from A, B, or C. Please write why
you chose A, B, or C.
a)Paper books
b)Digital books
¢)I do not care
Do you think that graded readers will be effective in
improving your reading comprehension, if you
continue extensive reading?
a)It really helps to improve my reading ability.
b)It helps to improve my reading ability a little bit.
¢)My reading ability will not change.
d)Other (Please write a comment)
If you answered a) or b) in 3, what do you think the
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effect of ER is? (you can choose more than two)
a) Extensive reading helps me to learn words.
b)Extensive reading helps me to learn how to read
kanji.
c)Extensive reading helps me to understand contents
without a dictionary.
d)Other (please write a comment.)
Could you read graded readers with the same ease as
stories written in your first language?
a)l could read graded readers with the same ease as
stories written in my first language.
b)I could read graded readers more easily than stories
written in my first language.
c)I read graded readers with more difficulty than
stories written in my first language.
d)Other (please write a comment)
Do you prefer graded readers or general books written
for native Japanese people? Please explain.
a)Graded readers
b)Books written for native Japanese people
¢)I do not care
d)Other (please write a comment)

10
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Abstract— This paper presents an Action Research study for
incorporating new learning and teaching methods into a Web
Development module at a UK. University, addressing the
problems of varied experiences amongst the students with
programming languages and computational thinking. Active
learning concepts were introduced using three experiments
involving Learning by Teaching, Jigsaw Puzzle, and
Observations from Videos. These experiments were aimed at
enhancing the students learning capabilities and computational
thinking. All three experiments have achieved positive results
among the students who were evaluated using formative
assessments during their practical sessions. The study has found
that Active Learning concepts can enhance student learning
capabilities and give them more control over their own learning.

Keywords- Action Research; Active Learning; Teaching; Web
development

1. INTRODUCTION

Action Research in education, unlike other approaches
focuses on ways of identifying strategies to improve skills and
techniques of the researcher/teacher so that effective delivery
methods can be incorporated into the teaching according to the
various issues identified with the students. For example,
qualitative and quantitative approaches or a mixed approach
including both qualitative and quantitative may be effective in
analyzing a particular issue or context, but they lack a
collaborative and a democratic approach, which can be
identified in Action Research [1] [2] [3]. In addition, Action
Research offers a continued reflection on a problem or issue,
where the goal is continuous improvement of the processes to
address the problems [3]. Further, Action Research focuses on
doing things better rather than investigating why we do those
said things, and on identifying and adopting a change in
teaching methods to achieve a positive impact for students [8].
A more detailed explanation of Action Research was
identified in the works of Watts [23], which states that Action
Research is a disciplined inquiry done by a teacher within the
context of a teaching environment that would identify and
inform the changes to be adopted in the teaching
practice/methods. It is a continuous practice that has to be
adopted by teachers to identify the solutions to changing
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problems and to deliver the best and most effective
educational outcome.

According to Watts [23], the objectives/practices of
Action Research in teaching and learning processes include
the following:

e Educators should work best themselves on
identifying problems in the teaching environment.

e Educators should be more effective in identifying
problems and considering ways of working
differently, which could be more effective compared
to more traditional methods.

e These processes should also aim for professional
development.

e A collaborative approach has to be practiced
involving students and other teachers in identifying
best practices.

It is also essential to understand the characteristics of
Action Research that makes it unique and different from other
research practices. Various characteristics of Action Research
were identified in [22], highlighting it as an innovative and
continuous approach, which is strategically driven,
participatory in nature, adopting an intervention approach by
implementing a solution to the problem identified, and the
whole process is documented, understood and disseminated.
Therefore, Action Research is different from scientific
research in many aspects including the objective,
methodology and the motivation and purpose. Action
researchers typically do not use complex statistical procedures
involved in quantitative research to evaluate results; however,
they do offer other evidence (such as comparison with similar
data) in order to prove that their measures are reliable and
valid [3]. Action Research is focused on continuous reflection
and improvement rather than focusing on the final outcome or
conclusion, as observed in many scientific research studies.
Various studies [29]-[32] have implemented the action
research methods, and found it very useful in the long-term
process. In the study performed in [29], inquiry-based
classroom discussions were used as a method for developing
the higher order cognitive skills among the chemistry
students. Similarly, action research methodology can also be
used for analyzing and promoting the learning process of
students in computing programming module in a blended
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learning environment [30]. Similarly, online journals learning
was used as an approach in the study performed in [31]
through action research for promoting the learning computer
applications and network programming. Other approaches
such as Boolean Ninja, Minimum Spanning tree were used as
the part of study in [32] for developing the critical thinking
and computational abilities among the computing students.
The approaches adopted in these studies were depending on
their objective and the areas of problems identified. However,
the aspects of collaborative approaches and active
involvement in action research were not focused to a great
extent in the research studies relating to the computing
programming modules.

The Action Research process involves various stages.
Different authors have described different stages, which can
be summarized into the five main stages [8] as shown in the
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Figure 1. Stages of Action Research

The five stages explained are used for identifying the
problems and conducting the Action Research using various
techniques. The impact of these techniques including
‘learning by teaching’, ‘jigsaw technique’, and ‘video
observations and reactions’ on the learning and development
process of the web development students is investigated in this
study.

The rest of the paper is structured as follows. In Section 2,
we present the design and the process of action research with
web development students, which included the problem
identification, improvement planning process, implementing
and monitoring the actions, evaluating the effects of the
planned actions, and planning the improvement. In Section 3,
we present the limitations and challenges observed in this
study; and Section 4, concludes the study.

II.  ACTION RESEARCH WITH WEB DEVELOPMENT
STUDENTS

The web development module is a comprehensive course
which is designed to educate the students with the various
technologies used in the web design and development. The
course syllabus can be summarized under the following
points.

e Responsive web design using HTMLS5 and CSS3
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e Web Information Architecture and Content
Management Systems
e  Web development using Java along with underlying
technologies including C#, C++, ASP, LINQ
Client-side and Server-side Programming
Patterns and methods to enhance maintainability and
testability
e  Applying business logic
Testing, deployment and configuration
e  Performance modelling and management
The aim of this course is to educate the students in all the
major spheres of web development and management.
Accordingly, the teaching process focuses on programming
and coding to the large extent with the regular lectures
explaining the major concepts.

In order to incorporate Action Research techniques into
the teaching process and improving the skills and educational
outcomes of Web Development students, a strategic approach
was formulated which is explained in the following sections.

A. Problem Identification

One of the important stages of Action Research is the
identification of the problem. There are various approaches
such as questionnaire surveys, interviews, observations,
checklists etc. that are available for identifying the problem
by involving the population in reflecting their opinions [27].
However, surveys and interviews are the most commonly
used approaches in this process; surveys can be used to assess
and identify the issues, while interviews can be used for in-
depth analysis of the issues or problems [28]. It is necessary
to identify students learning issues related to the module, and
also the topics which cannot be understood by the students,
so that the effective learning strategies can be planned and
implemented.

In order to assess and understand the problems faced by
students in understanding the concepts of a Web
Development module, a questionnaire-based survey was
carried out. The questionnaire was designed with ten
questions in two sections. The first section had six questions
focusing on the student abilities, where they are required to
answer the topics which their awareness, expertise and
experience related to various topics in the web development
module. The second section had four questions related to the
learning abilities and their feedback of using different
approaches in teaching, such as collaborative approach. All
the students attending the module (30: 19 males; 11 females)
participated in the survey. Among the 30 students, 22
students belonged to the age group 20-25 years; and eight
students in 25-30 years age group. After analysing the survey
responses, it was identified that the lack of experience in
programming languages and computational thinking skills
among students were the main problems affecting their
understanding of the concepts in Web Development. These
problems are mostly focused on the students past learning and
abilities. Such problems require active involvement of
students in learning on their own and making them
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responsible, confident and able to take charge of their own
learning. Considering the case, Active Learning methods and
techniques were identified as the best strategy for achieving
the effective educational outcomes.

Active learning is a process of engaging students in the
learning process using different techniques. Unlike a more
traditional approach where students might listen while
lecturers explain, Active Learning requires the engagement
of students in various learning activities through
collaboration. In [6], it was stated that students must do more
than just listen, which includes reading, writing, discussing
and engaging in solving problems, and adopt higher order
thinking in tasks, such as analysis, synthesis and evaluation.
In short, students are involved in doing learning activities,
thinking about the concepts and also what they are doing.
Several studies have shown greater improvement among the
students by adopting Active Learning techniques [17]-[19].

In Active Learning, students are constantly processing
what they are learning through discussions, debating, writing
short notes etc. Various benefits have been identified by the
authors in different settings. Interactive courses were found
to be more effective in promoting conceptual understanding
as compared to traditional courses [11]. In addition, the meta-
analysis of 225 studies across STEM (Science, Technology,
Engineering & Mathematics) conducted in [10] has found
that average exam scores of the students were improved by
6% by adopting Active Learning classes; and also, students
following traditional lectures were 1.5 times more likely to
fail compared to the students following Active Learning
classes.

Computational Thinking is one of the effective
techniques wused in problem solving, application
development, system designing etc. It can be effectively
applied in both computer programing courses and also in
other courses [20]. It includes the use of various techniques
such as decomposition (breaking down data into smaller
parts), pattern recognition (observing patterns/regularities),
abstraction, designing etc. [24]. Realizing its importance, The
International Society for Technology in Education (ISTE),
Computer Science Teachers Association (CSTA) and the UK
Computing at School working group (CAS) have
collaborated with representatives from education and
industry to develop computational thinking resources for
educators [21].

Considering these factors, using Active Learning
methods in teaching practices for a Web Development
module could help to solve the problem and increase
students’ achievements. Thus, the following research
question was formulated.

How can we use Active Learning methods and techniques to
mitigate the problem of different skill sets and capabilities by
helping the student to be in charge of their own learning?

B. Planning an implementation of Improvement

An action plan usually involves the process of deciding a new
strategy or approach for addressing research questions;
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identifying the data needed to learn about the research
questions; framing an approach or timeline for implementing
the new strategy; and a plan for evaluating the findings from
deploying the new strategy [5] [16].

Accordingly, the problems and the interests of the
students from the Web Development module were identified
using a questionnaire-based survey as explained in the
previous section. The subsequent data analysis has shown
that the students were interested in adopting Active Learning
techniques for addressing their concerns and enhancing their
skills and learning capabilities. Considering these outcomes,
the approaches in teaching should be focused on actively
involving the students in the learning process. Learning by
teaching is one such approach, which directly involves the
students in learning the concepts by teaching. In addition, as
the students attending the module are from different regions
with varying learning abilities, collaborative approaches can
be very effective in the process of learning [2]. However,
there is a need for approach that requires collective efforts of
all the students in the learning process, so that all the students
can be benefitted from these approaches. In addition, as
discussed in the introduction, the use of collaborative
approaches was not explored to a great extent in the
computing learning environments. Therefore, approaches
such as, learning by teaching, Jigsaw Puzzle, and Video
observations were selected as a part of this study.
Accordingly, three rounds of experiments were planned over
a period of three weeks with each session of 3 hours duration.
Each experiment used Active Learning techniques to deliver
the concepts relating to each chapter of the Web
Development module. A formative assessment was used for
evaluating the experiment which focused on using the
programming exercises during practical sessions.

a. Experiment 1: Learning by Teaching

Learning by teaching is an effective Active Learning
technique that has been widely recognized and
tested [9]. It is a process where students are asked to
teach the concepts of a particular subject or chapter
in a class which would be monitored by a teacher
and corrected if necessary. This process actively
involves the students in the learning process as they
feel more responsible in explaining the concepts and
more attentive due to the social presence in the class
room. This approach was found to be more effective
compared to other techniques like re-study or
writing [12]. Therefore, using this technique, the
students from the Web Development module were
asked to teach the concepts of HTTP Methods in the
class room. The effectiveness of the experiment was
evaluated during the practical sessions.

b. Experiment 2: The Jigsaw Technique
The Jigsaw Technique is a form of teaching strategy
adopting principles of cooperative learning that
helps students to develop skills for effectively
working in teams or in collaboration with one
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another. It focuses on cooperation rather than
competition among students and is one of the most
supported techniques within the education field as
evidenced by more than 1200 research studies [15].
It helps students to understand a concept, apply the
language of the discipline and practice self and peer
teaching [7]. The technique usually gives a common
task to all the students/teams. These students/ teams
initially have to solve a problem and identify the
relevant issues, which they later discuss with other
students/teams. After collaborating with other
students and identifying different issues, the best
possible solution is formulated by those students for
addressing the common task.

Using this technique, the students from a Web
Development module were given a task (piece of
puzzle), which initially they need to solve on their
own. Later they need to collaborate with other
students to find the most effective solution to the
puzzle. The puzzle is about building the most
effective algorithm to travel from the University
main compass to a local international airport. This
task gave students the idea of designing an
algorithmic solution to a given real life problem
through individual thinking and team work. This
approach would also enhance the students
computational thinking capabilities, as well as
training them in the process of simplifying complex
problems into simpler issues by breaking the
problem down into smaller parts. This approach was
then evaluated during practical sessions.

c. Experiment 3: Videos Observation and Reaction
Using multimedia content in teaching has been
widely practiced across various institutions [13]. It
has many benefits compared to traditional modes of
teaching [25]. Using videos for teaching and
enabling students to observe the important aspects
from those videos is one of the techniques used to
increase  student  observation  skills and
understanding various issues [4]. Studies have
proved that videos can be used effectively in
teaching and can attract students’ attention and
improve their skills [26].

Using video as a tool for observational learning,
students from a Web Development module were
given carefully chosen short videos from the Big
Bang Theory comedy series to watch. These videos
were related to team work, collaborative working,
and project management. The students were
distributed into two groups. The first group was
assigned with the task of identifying the positive
things from the videos; and the second group for
identifying the negative things, which they would
link to their group projects and assignments. This
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experiment was then evaluated during practical
sessions.

C. Monitoring and describing the effects of the actions

All of the three experiments were carefully monitored and
the observations were recorded. In the first experiment
(Learning by Teaching), the students were asked to teach
HTTP Methods, both GET and POST functions to be used in
the Web development and also how the HTTP request cycle
operates (the module concepts which the students found
difficult in programming: observed from survey results).
Though the students were initially nervous, they were able to
quickly adapt to the teaching technique and reflected their
understanding of these concepts in an effective way. Some
corrections and suggestions were made to the students while
they were teaching to boost their confidence and correct their
mistakes.

The second experiment (Jigsaw Technique) was used for
enhancing the computational thinking of students. Majority
of the students (76%) stated that they face problems in
designing the sorting algorithms. To address this issue, the
students were asked to build the most effective algorithm to
travel from the University main campus to a local
international airport; first by working individually, and then
in collaboration. The experiment was monitored and tips
were given to students while working in groups on
identifying the main points and issues in formulating the best
possible route.

Another important issue identified from the survey results
was that, 86% of the students had problems in identifying the
right requirements and reflecting them in the coding. As this
process requires the identification of right set of tools and
commands in coding, the students are required to develop
critical thinking capabilities and clear observation and
analysis skills for selecting the right set of tools and
commands in coding. Focusing on this aspect, the third
experiment (Videos) was given to students from two groups
and tips and examples were given on how to identify the
positive and negative aspects of the videos.

D. Evaluating the outcomes from the experiments

Evaluating actions is one of the most important tasks that
can be used to identify if the planned improvement has a
positive impact in addressing the problems identified. The
first experiment was evaluated during the practical sessions
of a class using formative assessment by asking the students
there to build a simple HTML form and send messages using
GET and POST functions. Interestingly, most of the students
were active, engaged and completed the task within the given
time and this was compared to students from a previous
semester who were not exposed to these Active Learning
techniques. 28 students out of 30, completed the task
successfully compared to the 19 students who successfully
completed the same task in previous year, reflecting a
significant improvement in the learning process.
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The second experiment (the Jigsaw Technique for
algorithmic routing) was evaluated by asking the students to
design UML activity diagrams and a flowchart to solve the
given real-life problem. The students were found to be
effective in adopting the concepts of simplifying complex
problems into simpler issues by breaking them down. This
was then reflected in their design diagrams and an
improvement in their computational skills was observed in
designing a flowchart for a real-life problem. Interestingly,
all 30 students were able to effectively design the UML
diagrams and flowcharts. Only 16 students in the previous
year were able to complete this task successfully. The results
indicated that collective efforts of the students through
discussions, knowledge sharing, team management etc. were
found to be significant in solving the problems, leading to the
overall development of students.

The third experiment (Videos) was evaluated by asking
students to create a group work plan and a Gantt chart for
their group assignment. Almost all of the students effectively
categorized and identified the tasks for the group work and
systematically created a work plan, which was effective and
easy to implement. Almost 26 students clearly identified the
activities/steps involved with appropriate time schedule for
each activity. The results indicate the improvement in the
planning, assessment and project management skills of the
students, where they need to identify all the relevant tasks,
activities, risks, and plan the project/assignment.

E. Planning an Improvement

Overall, the three experiments based on the Active
Learning concepts were found to have a positive impact on
enhancing the student experiences in using programming
languages and their computational thinking. Considering the
outcomes of the experiments, these Active Learning
techniques are now planned to be used in future teaching of
Web Development concepts classes.

III. RESEARCH CHALLENGES AND LIMITATIONS

One of the major challenges identified was about
identifying issues or problems associated with the students.
The students in the Web Development module were diverse
coming from different nations, cultures, and with different
experiences and skillsets. While some students had job
experience, others did not. So, identifying the differences and
getting all of them on a single platform was a big challenge,
which was addressed by using a questionnaire-based survey.
Other challenges included identifying a suitable pedagogical
approach, common interests of students with the type of new
learning methods, and their expectations associated with the
individual style of teaching being delivered. These issues were
addressed by collecting the responses through surveys and
discussions, and deciding mutually for using Active Learning
techniques as the solution for addressing the identified
problem.
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IV. CONCLUSION AND FUTURE WORK

Action Research was used for addressing the problem of
students with varying skillsets and experiences in
understanding the concepts of a Web Development module
using Active Learning techniques was the main idea behind
this work. Using Active Learning techniques especially the
Jigsaw Puzzle have given positive results, and this experiment
has led the way forward for introducing new pedagogical
approaches in teaching. Finally, this approach could be used
continuously to identify changing issues and problems and
addressing them using this most effective method of learning
and teaching.
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Abstract-The emergence of Information and Communication
Technologies (ICT) in teaching and learning has brought
significant changes in the educational settings of students and
teachers. The usage of E-learning in the Kingdom of Saudi
Arabia (KSA) academic institutions is still in its early stage
and its impact is insignificant. In Saudi Arabian universities,
there is a need to improve the understanding of how to deal
with the new technology, how to meet the staff and students
requirements for teaching and learning, and how to tackle
students’ lack of motivation concerning independent learning.
Hence, this study aims to identify the main issues that are
hindering the use of modern techniques of E-learning in Saudi
Arabian educational system effectively, such as personal
factor, and learning attributes. This study provides an initial
framework that can be used as a detailed, structured
E-learning roadmap by stakeholders in Saudi universities, as
well as those in developing countries. A mixed-methods
approach (an explanatory sequential design) will be carried
out in Saudi Arabian universities. This study is part of
research project and it is anticipated that the findings will
increase the awareness of the use and effectiveness of
E-learning systems in Saudi’s higher education sector.

Saudi

Keywords-E-learning; Initial

framework.

higher education;

. INTRODUCTION

The education system in the KSA has developed to
make sure that education becomes more effective, meets
the country’s religious, economic and social needs, and
eliminates illiteracy among the Saudi youth. The KSA is
one of the countries in the world spending the largest
amount on education according to the 2014 National
Budget. The education and healthcare sectors remain the
priority sectors in the national budget. The education sector
accounts for 25% of the total expenditure in the national
budget and is considered the highest in the world [1]. The
KSA has been expected to be one of the fastest developing
countries in the world, particularly in establishing
E-learning systems in the educational institutions.
According to the Information and Communication
Technology (CITC 2011), the number of internet users
increased rapidly from 200,000 in 2000 to 11,400,000 in
2011, which accounts for 43.6% of the total population [2].
For this reason, Saudi’s government has established a new
vision and strategy to develop education systems. In
particular, the plan is for the public universities in this
country to be among the most advanced in the world by
2030. By the year 2030, the government aims to have at
least five Saudi universities among the top 200 universities
in the international rankings [3]. Currently, the KSA has
twenty-six public universities and ten private universities
located in various geographic regions. Hamdan [4] and
Alharbi [3] pointed out that the Saudi government strives to
overcome the challenges the universities encounter such as
improving education quality, productivity, accreditation,
and develop modern curriculum using different
technologies to increase the interaction between teachers
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and students and focus on the rigorous development of
standards in literacy, numeracy, skills, and character. A few
studies from the Saudi Arabia perspective [5]-[7] have
examined academics’ perceptions of E-learning in Saudi
higher education. Their findings showed that academics’
perceptions toward E-learning integration in their teaching
and learning are highly influenced by demographic factors
such as age, gender, and education level. Female faculty
members perceived less E-learning barriers and they
displayed more willingness to implement it while compared
to male equivalents.

In line with the aim of this study, an initial framework
proposed to measure academics’ and students’ attitudes
toward the effectiveness of E-learning usage in Saudi
universities. This paper is organized as following: Section
Il introduces the current literature relating to E-learning in
Saudi education system. Section 1l describes the research
methods. Section IV outlines the research outcomes
followed by an initial framework in Section V. The paper
concludes the study and scopes future work in Section V1.

Il. LITERATURE REVIEW

This paper reviews the current literature relating to
E-learning in overall and in the KSA in specific.

A. E-learning definition

Dublin [8] and Rosenberg [9] mentioned that the
literature on E-learning is vast, which makes it difficult to
have a consensual definition of E-learning. In fact, there is
no prevalent definition of E-learning. E-learning implies
the use of ICT in various processes of education to enhance
the learning and teaching, and it offers flexibility in terms
of when, how and where information is received and
delivered by staff and students [10]. In the context of this
study, E-learning has been used in various ways in
education. For instance, there is blended learning, online
distance learning, and distributed learning. The E-learning
environments offer a really interactive and engaging
learning approach using various technological tools that are
available today such as a whiteboard, video conferencing,
audio chatting, online discussion, and Blackboard [11][12].
These technologies give students, academics, and other
learners the opportunity to engage in an effective and
flexible interaction.

B. Saudi education system

The education system in the KSA has developed within
the last decade due to the increased population, and the high
demand to provide additional instructional opportunities for
students. According to [3], the total population of the KSA
in 2016 was 32,430,000, which means that most of the
population ranges in age from 15 to 64 years. In addition, to
meet the increased student enrolment, the number of Saudi
public universities has now increased to twenty-six.
However, more than 60,000 students are still unable to
study in the Saudi public universities because they are
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already filled to capacity [3]. Furthermore, because of the
socio-economic conditions and increased population
demands, more students are enrolling in universities and
undertaking online learning or are studying overseas
[3][13]. Alharbi [3] concluded that the performance of
universities, outcomes of quality, and reputation need to be
considered by university leaders and face these challenges
throughout adopt a benchmark strategy. Therefore, the
KSA in 2008 planned to adopt Information and
Communication-based Technologies such as E-learning
and distance learning in higher education. The mission of
the Ministry of Education in the KSA, E-learning not only
adds value to and simplifies the traditional education
system, but it also improves the quality of education. It
develops an environment that incorporates various
components of the educational process, thereby not only
providing a huge amount of information, but also helping to
improve the quality of the education materials [2].

C. E-learning in Saudi higher education

Unnisa [1] reported that there are many reasons for the
increase in the growth of E-learning in the KSA. First,
E-learning has been suggested as a means of overcoming
the increasing demand for higher education and solving the
problems the universities face with the traditional delivery
of education such the overcrowding, lack of facilities, and
inadequate human resources. Second, since the KSA is one
of a few large countries in the world in terms of its
geographical area, and there are a number of communities
distant from the major centres of population [14][15], the
online E-learning system can provide education facilities to
the remote areas without students having to travel to the
main location, thereby reducing the geographical inequity.
Third, the KSA has a different culture and religion.
Especially in the universities, due to religious reasons, the
female students study in isolation from the male students.
Due to limited facilities and human resource available, it is
easier for female students to access higher education via an
E-learning system. Currently, E-learning enables course
content to be conveyed to students, enabling them to access
information and communicate with their teachers easily
wherever and whenever they want [16].

D. National Centre of E-learning and Distance learning
(NCEL)

In 2005, the Ministry of Education in the KSA
established the National Centre of E-learning and Distance
learning (NCEL) to assist the universities to develop
information technology using E-learning [14]. The vision
of the NCEL is to implement the techniques of E-learning
in the education system, which will improve both learning
and teaching outcomes. The NCEL strives to become a
national reference for E-learning. Also, one of NCEL’s
projects is the Saudi Digital Library [17], which holds
310,000 e-books on diverse subjects from 300 international
publishers [17].

E. Student’s attitude toward E-learning

Al-Harbi [15] stated that E-learning success is affected
by various factors. A student’s attitude toward E-learning is
the significant factor in determining a student’s intention to
utilise the E-learning facilities. Hence, the shaping of the
students’ behavioural intention about using the E-learning
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plays a critical role in perceived E-learning success. In the
context of the KSA, a study conducted by Al Zumor, et al.
[18] shows the impact of students’ E-learning acceptance
through the Blackboard at King Khalid University. They
found that students are willing to use E-learning and accept
technology. Similarly, Al-Dosari [7] revealed that
academics’ and students’ attitudes were positive toward
using E-learning in the department of English at King
Khalid University and the educational system improved as
a result of the E-learning environment compared with the
traditional learning system. Quadri, Muhammed, Sanober,
Qureshi and Shah [19] emphasised that the necessity of
E-learning system is more prominent because of the
gender-based educational system. Consequently, the
E-learning system in Saudi Arabia offers equal opportunity
to people seeking education regardless of their gender. In
addition, there is a high demand from students who are
working in part-time jobs and wish to continue their studies
for better opportunities in the future. After inclusive review
on the literature related to issues towards the use of E-
learning, this study leads to uncovering the E-Learning
influential factors that will be critical for understanding the
basis of the effectiveness of E-Learning and its impact in
Saudi higher educational system.

I1l. RESEARCH METHODS

To find out the most factors that may influence the
effectiveness of E-learning implementation at Saudi higher
education, a mixed method will be employed. Mingers [20]
has defined the research methodology as the activities and
guidelines that assist a researcher to obtain valid and
reliable research findings. Silverman [21] agreed with this,
and indicated that the research methodology helps a
researcher to choose the appropriate research strategy, and
data collection techniques, etc. in planning and executing a
research study. Hence, Information Systems (IS)
researchers frequently encounter challenges in obtaining
adequate results and theories that offer fundamental
thoughts into a phenomenon of interest [22].

A. Pragmatism philosophy

The philosophy of this research is pragmatism with an
abductive approach to determine the use of E-learning
systems in Saudi higher education and then generate an
initial framework [23]. Pragmatism philosophy was
proposed for IS researchers. They advocate the use of
mixed methodologies as one of the favored paradigms for
amending the usage of mixed-methods research [22]. In this
paper, the research method is the mixed-methods design to
achieve the research aims and answer the research
questions by using Explanatory Sequential Design. This
means that the data will be gathered equally through a
quantitative approach using an online survey and a
qualitative approach using semi-structured interviews to
understand the research problem, then the data from each
approach is analysed separately and then merged into one
study [24][25].

Venkatesh et al. [22] stated that if the Information
Systems researcher decides to conduct a research for which
a powerful theoretical basis previously exists. However, if
the study context is novel or past results were unsatisfactory
or indecisive, the researcher should take into account using
a quantitative approach first, followed by a qualitative
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approach to offer further insights based upon the
context-specified results. This research methodology is
adopted based on the understanding of the study objective
that can be delivered by the quantitative approach and the
subsequent data analysis. In the qualitative phase, Creswell
et al. [26] mentioned that the statistical findings for
participants’ views will be processed and clarified by
means of interviews. This research will use the
mixed-methods approach to offer a general understanding
regarding the use of E-learning systems in Saudi higher
education.

In the first phase, this research will investigate the
academics’ and students’ attitudes toward using E-learning
systems in Saudi higher education through a quantitative
(deductive) approach to understand their reactions to using
E-learning systems and to develop a range of new factors
from the survey [27]. The online survey will be used to
examine the five factors that may influence the use of
E-learning. In the second phase, a qualitative (inductive)
approach will be conducted with the help of semi-structured
interviews to analyse the data in depth and to obtain an
understanding of the phenomena in its real-life context and
through the meanings that people assign to them. The
validity and reliability of mixed methods research are
achieved by fundamentally measuring the quality of results
or deductions from all of the quantitative and qualitative
data in the research inquiry [22]. Tashakkori and Creswell
[28] report that the surveys in a quantitative data gathering
approach can bring breadth to a research by assisting
researchers to collect data about various aspects of a
phenomenon from many participants. Subsequently, the
validation of the qualitative data collection will be used by
conducting the interviews to provide the depth in the
research inquiry and allow the researcher to obtain deep
insights from rich data.

For the purpose of this study, the researcher will also
use the quantitative data to determine the factors that may
influence the use of E-learning systems in Saudi higher
education followed by a qualitative approach so as to
understand academics’ attitudes toward the use of
E-learning systems. In this regard, the factor analysis will
be applied to achieve a rigorous picture of what might
create a successful set of factors for a framework for
E-learning within the context under examination. Hence,
the factor analysis technique can be used to reduce data by
grouping it into factors. According to Pallant [29], factor
analysis has been used as a compression methodology that
manages a large set of factors by decreasing it based on
correlations that exist between variables, and can then be
utilized in other tests.

B. The participants

The participant population for this research will include
all academics and students who are currently enrolled in
Saudi universities. In order to obtain valuable results, three
public universities will be selected to identify the factors
influencing the E-learning systems in Saudi higher
education.

C. Quantitative online survey

In the first phase, quantitative data will be used to
examine the factors that will ensure the effectiveness of
E-learning in the Saudi higher education framework and to
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identify the factors for the proposed framework.
Consequently, an online survey utilising Qualtrics software
will be distributed via E-mail to all participants (academics
and students). Data analysis will be conducted using IBM
SPSS (version 25) statistics, and exploratory factor analysis
(EFA) will be applied for statistical testing of the gathered
data to identify the factors for the proposed framework for
the E-learning usage in Saudi higher education.

D. Qualitative interviewing

In the second phase, semi-structured questionnaire will
be conducted to collect information regarding the opinions
and attitudes of experts toward the use of E-learning
systems in Saudi higher education. A suitable strategy for
gathering the data is to ask open-ended questions through
face-to-face interviews or to use other technological
applications such as Skype in order to allow the researcher
to explore various opinions of individuals. The sample size
of semi-structured interviews in this study will be
determined between six to ten interviews. In terms of the
upper limits of qualitative sample size, previous
Information Systems studies pointed out that there is no
recommended number of interviews. Recent studies
suggest that the sample size should be 5-10 interviewees so
that the researcher ensures that the state of theoretical
saturation has occurred [30][32]. A thematic analysis
technique will be employed in order to develop themes
based on analysing and detecting data and also grouping the
information according to identified patterns. Following this
grouping of themes, the data will be analysed using NVivo
software (version 11) [31][33]. Furthermore, King and
Horrocks [34] highlighted interview methods involving
connecting elements, recording, interview venue, the
introduction and conclusion of the interviews.

IV. RESEARCH OUTCOMES

Numerous studies [1][2][5][6][15][35][36] have been
conducted in Saudi Arabia to implement E-learning in the
education sector to improve students’ learning outcomes.
However, none of the articles which have been reviewed
identify these factors such as, Technological Pedagogical
Content Knowledge (TPACK), ICT factors, teaching
principles, learning attributes, and personal factors on the
effectiveness of E-learning use. After reviewing these
studies, some of the factors were missing in some models,
and hence an initial framework will be developed to
examine the gap in the literature of a theoretical framework
for the effectiveness of E-learning use in teaching and
learning especially in Saudi Arabia. Education is the most
important sector in any country, especially developing
countries like the KSA. Therefore, educational institutions
need to extensively use the Information and
Communication Technologies as an alternative method of
course delivery to students in order to guarantee that
technologies are utilized efficiently within education
sectors [2]. One of the modern common technologies is
E-learning which plays a significant role in developing
learning environments. The academics and students are
likely to face some problems when adopting E-learning in
the Saudi universities such as meeting staff and students
requirements for teaching and learning, and the poor
understanding of the new technology such as web 2.0 [19].
Currently, the Saudi universities face extensive pressure
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due to an increase in the number of prospective students
and the limited number of places available [37]. Hence,
with the opportunity of remote learning being facilitated
through the successful incorporation of E-learning into
teaching practice, this issue may be mitigated or even
resolved. The lectures and lesson times are short in certain
subjects such as applied science, medical, and engineering
programs offered by faculties in Saudi universities. So, the
provision of E-learning in these faculties will provide
various teaching methods involving the computerised
methods of blended learning practices which can help to
address this issue [18].

The lack of knowledge in the use of technologies, and
the underdeveloped university websites need to improve in
updating their information and presenting the information
in a usable manner to the students and academics, and
offering training programs to help staff design their
modules. ICT infrastructure is one of the biggest challenges
in the implementation of E-learning in the higher education
sector due to interruption problems with the internet.
Furthermore, the KSA has a different culture because the
delivery of education is segregated according to gender as it
is not permitted for the male lecturer to teach female
students face-to-face according to Islamic law [15][37][38].
KSA is one of the most conservative Muslim countries in
the world, particularly regarding the situation of women,
and it has solid roots in religious and family histories
compared to developing countries [39][42]. For this reason,
E-learning could help to solve this issue as male lecturers
can teach female students through Blackboard or
video-conferences by using such technologies.

Moreover, gender is a significant factor and believed to
be of influence on academics’ attitudes toward E-learning
implementation [6]. Consequently, female faculty members
held more positive attitudes toward E-learning integration
in teaching and learning compared to their male
counterparts [5][7]. However, to the best of the researcher’s
knowledge, none of the previous literature yet has
examined all of these factors inclusively, such as TPACK,
ICT factors, teaching principles, learning attributes, and
personal factors. These factors have been chosen as they are
the most prominent in existing E-learning literature.

V. E-LEARNING INITIAL FRAMEWORK

The proposed framework in this research is designed to
integrate a set of the influential factors drawn from existing
literature which must be considered when addressing
E-learning systems in Saudi’s higher education as well as
achieving the research aims. It consists of five factors:
TPACK, ICT factors, teaching principles, learning
attributes, and personal factors (see Figure 1).
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Figure 1: E-learning Framework in Saudi Universities
A. Technological Content
(TPACK)

A few decades ago, Shulman [43] developed the
concept of Pedagogical Content Knowledge (PCK),
combining the relationships between content knowledge
that the academics view as the need to teach subject matter
separately from the way it needs to be taught, and the
technological knowledge that refers to knowledge of
E-learning such as the Internet, digital video, blackboards
etc. Twenty years later, Mishra and Koehler [44] integrated
the third domain and created the technology-based
conceptual  framework  proposed by  Shulman
(PCK-TPACK) framework to become the Technological
Pedagogical and Content Knowledge (TPACK). TPACK
defines as, a framework that is used to include an
understanding of the complexity of the relationships
between academics, students, content, technologies such as
(E-learning), practices, and tools [45]. Also, TPACK
describes teacher knowledge for the technology integration
into the learning environment. Niess [46] indicates that the
TPACK framework develops academics’ knowledge of
subject content using technology such as E-learning to
facilitate student learning and pedagogical knowledge.

Mishra and Koehler [44] noted that TPACK is the
integrated forms of knowledge that develop the interaction
between these three main forms, namely, Technological
Pedagogical Knowledge (TPK) that encourages
interactivity among students in E-learning and the
understanding of how E-learning can influence learning
and teaching, and the Technological Content Knowledge
(TCK) that the academics use in E-learning to enhance
students’ skills and understanding of the concepts in a
specific subject matter, and Pedagogical Content
Knowledge (PCK) [14][47][48].

In this study, the researcher focuses on the type of
knowledge that include technology (E-learning) such as
TK, TPK, TCK, TPACK since these are directly related to
the study objectives. A study was conducted by Habowski
and Mouza [47] to investigate the use of technology for
pre-service science teachers in a Mid-Atlantic University in
the USA. They found that the pre-service teachers had

Pedagogical Knowledge
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opportunities to integrate content, pedagogy, and
technology in their practice. They used online resources
such as YouTube video clips to present topics in biology
and physics. Habowski and Mouza [47] used the survey of
TPACK framework to measure pre-service teachers’
knowledge and technology in science, and their findings
show that pre-service teachers’ TPK documents more than
their TCK. Similarity, a study conducted on pre-service
elementary teachers [49] through open-ended pre-service
teachers’ responses found that out of 55 teachers, 22 agreed
with TPK compared with TCK. Evidently, the TPACK
framework could be used as a determinant to measure the
extent to which academics actually use E-learning in their
educational practice. Also, the results could provide better
ways to prepare pre-service teachers for the integration of
E-learning in education [50].

B. ICT Factors

According to Kabilan and Rajab [51] and Al-Adwan
and Smedley [10], ICT infrastructures can be used in
teaching and learning environments. Implementation of
ICT in teaching and learning is challenging not only for the
students, academics and instructional materials but also for
the teachers’/lecturers’ awareness, acceptance, technical
and skills. A suitable infrastructure for ICT development
such as the availability of the internet, extranet, intranet and
LAN networks is also necessary for the implementation of
E-learning in higher education, especially in developing
countries [10][11]. Hence, dealing with the challenges in
the implementation of E-learning is important. In the Saudi
higher education system, Altameem [52] revealed that
some technical constraints in several universities such as
inadequate ICT infrastructures preventing the successful
development and implementation of E-learning systems.
For example, the lack of the availability of the internet
facility at any time, and the inadequate bandwidths hamper
the academics’ teaching and the students’ learning when
there is access. Mokhtar, Alias and Rahman [53] suggest
that the lack of resources and ICT equipment such as
software and hardware especially those related to
computers, teaching-learning materials and classroom size
[54], shortcomings in teacher development [55], and lack of
online IT support [11] made teachers less inclined to
implement the online-based teaching and learning methods.
Also, a critical factor recognized by the students is that
more attention needed to be paid by Saudi universities to
this aspect of E-learning [52]. Moreover, higher education
institutions must invest in the right ICT infrastructure that
allows academics and students to readily access the ICT
hardware, utilizing friendly software and offering
permanent technical support [10].

Another ICT factor in this research is the usability of the
developed software which is easy to use [56]. Usability is
the main consideration when developing E-learning
technology, as it is also for other kinds of software since
usability helps to develop the systems with improved
instructional and pedagogical approaches. According to
Juristo, Lopez, Moreno and S&nchez [56], usability is often
ignored in the design of E-learning software. Bevan and
Azuma [57] mentioned that usability means that the
software is simple to learn, effective to use, easy to
remember, has few errors, and is subjectively satisfactory,
[58] as well having performance, acceptance, and
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learnability. Additionally, web usability is becoming a
significant issue for E-learning and an important factor in
the planning and use of E-learning applications. Battleson,
Booth and Weintrop [59] considered usability as a
component of Human-Computer Interaction (HCI); it is
defined as "the ease with which a user can learn to operate,
prepare inputs for, and interpret outputs of a system or
component" [60]. Hence, HCI is about the interaction
between computers and users [61]. However, an E-learning
system that aligns with students’ and academics’ needs is
desirable and more useful. Obviously, lecturers and
students should be involved in the HCI development
process in order for their reactions and other behavioural
factors to be taken into account at the time they use the
computer [62]. Therefore, as many Saudi universities have
introduced E-learning systems, the current study aims to
help the universities in the KSA in their endeavour to
successfully use E-learning systems by discovering the key
challenges such as ICT infrastructure, Internet connectivity,
technical support, usability and Human-Computer
Interaction (HCI) that enable the academics and students to
use E-learning effectively.

C. Teaching principles

The traditional curriculum design is such that the
academics focus on the content delivery and on the
assessment by means of which the students’ knowledge and
absorption of the taught material can be ascertained. Tam
[63] reported that the curriculum designers and academics
reflect through planning what should be learned, and select
the learning activities appropriate for the desired outcomes.
They are required to create and develop the learning
environments not only for the academics to be proficient in
their discipline but also for the use of a diversity of
resources, methods, technologies. These include the
E-learning systems, assessment resources, and e-mail so
that the students achieve valuable outcomes. The academics
need to change their role from the subject- proficient
teacher to being facilitators of the learning process.
Through this, the learning and teaching activities will be
aligned with the educational process instead of being just
content-driven [63]. The focus on learning requires the
academics to develop the syllabus [64], and establish a
course syllabus which becomes a central for documentation
and demonstration of curriculum intentions [65]. Syllabi
can make particular course outcomes clear in the context of
broader program outcomes and can direct the students to
work when the assignments are due and identify the kind
and level of anticipations, and what are the aims that will be
reached [65]. In regards to using E-learning in higher
education, Meyen, et al. [66] stated that the pedagogy of
online teaching involves “teaching methods related to the
presentation of experiences, engagement of learners,
reinforcement, motivation, an organization of teaching
tasks, feedback, evolution, and curriculum integration”
(2002, 40).

Another study by Dron [67] mentioned that pedagogies
are, in a true and essential sense, the area of study relating
to teaching and as a strategy for education; and
technologies represent a series of techniques and tools for
education. For instance, technologies involve the use of
computers, discussion boards, virtual classrooms, and
institutional constructions. Hence, the adoption or
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acceptance of new technologies (like E-learning) needs to
create pedagogical concepts that could not be applied
without technology and considers the current and future
needs of the students, which are essential in a digital world.
To use new technologies and create digital pedagogies, we
need to know what to use, how to use, and when, and for
what purpose. In the education field, the academics and
students have access to the internet. So, there is a need to
change their knowledge about using the technology so that
it is more useful.

Lawless and Pellegrino [68] and Dron [67] pointed out
that knowledge sharing has become more significant than
the knowledge itself. Therefore, creating digital pedagogies
will shift the concentration from technology and skills to
one that consists of connectivity, knowledge process,
interaction, and development of knowledge by working in
the digital world. Palomba and Banta [69] indicated that the
academics deliver course content to students by
determining what should be learned in order to achieve the
desired learning outcomes; and whether their expected
learning outcomes are introduced and reinforced in the
given educational course. In the same context, Biggs [70]
pointed out that the learning outcomes, the teaching and
learning activities should be aligned, and this is determined
by the assessment system. The alignment of these three
components will ensure the coherence in the curriculum in
terms of the desired learning outcomes which should
correspond with the teaching and learning activities, and
the assessment tasks should be consistent [63][70].
However, in the case of the Saudi higher education system,
Saudi vision 2030 wants the academics to have effective
training and academic processing for teaching online
courses in order to improve the teaching curriculum and
enhance the E-learning systems in all subjects [3][71].

D. Learning Attributes

Maor [72] stated that the learning attributes were
utilized as the basis for the students’ perception of the
courses and the students’ interaction. For more explanation,
Interaction means that students share knowledge and
interact with their peers and teachers by using discussion
boards. Peer learning refers to students reflecting on the
comments made during peer conversations on and offline.
Reflection practice means that students create reflective
journals by using technology such as Blackboards to show
their understanding and transformation in their thinking
over time. For instance, reflection refers to the learning
process that assists students to express their attitudes,
feelings, experiences, actions, and beliefs. It provides
students with opportunities to examine the knowledge they
have absorbed [73]. The interaction between the lecturer
and students enables the lecturer to pose questions to
encourage students to engage in reflective thinking.

In E-learning environments, the term ‘interaction’ could
refer to learning activities and includes the online
communication between lecturers and students, sharing
information, and exchanging learning experiences. There
are various types of interactions such as learning content
interaction,  student-student ~ communication,  and
student-lecturer communication [74]. In an E-learning,
students engage in interpersonal interaction over computer
networks and interfaces instead of face-to-face
communication. The synchronous communication or

Copyright (c) IARIA, 2019. ISBN: 978-1-61208-689-7

interaction may occur online between students and
lecturers, and among students in E-learning environments,
and may involve questions, answers, and discussions [75].
In previous studies, the interaction between students
and lecturers means that lecturers must perform a variety of
tasks in the process of teaching such as providing an
overview of the course contents, giving feedback on
achievements, stimulating students’ motivation to process
and reflect on the content, and helping them to engage in
learning activities, supporting knowledge construction, and
establishing the foundation for a social relationship
[74][76]. Students’ peer interactions comprise the
communication processes among the students, where
students exchange information about the course contents
and socio-emotional information. Students benefit from
working in small groups to construct understanding,
provide socio-emotional support, and learn within a
consistent and positive environment [75][77]. According to
Wong and Bakar [78], the interactive learning environment
is an important factor in promoting students’ positive
attitudes through perceived satisfaction, usefulness, and
peer learning, and reflect students’ skills required for
problem-solving in the E-learning environment [74].

E. Personal Factors

Al-Adwan and Smedley [10] reported that any
institution wants to have a successful E-learning strategy
should be prepared culturally as well technologically.
Cultural factors have a massive influence on how students
learn, involving the style of interaction and communication,
establishing the core basis of E-learning. These factors
strongly impact two key elements of online learning
systems: 1) system development and design, and 2) system
usability and usage [79]. Hence, the engagement of cultural
characteristics of academics and students is an important
motivational factor in designing E-learning system and in
contributing to the acceleration of the usage process toward
the technology [80]. However, the KSA has a different
religious and cultural influence on people’s attitudes,
practices, and behaviour [14]. Also, their social life and
living standards are different and this may influence the
success of the E-learning in higher education [19].

Baki [39] notes that the Saudi system and methods of
education differ from those of other countries around the
world due to the different culture and religious beliefs. Asiri
[44] agreed with him as the KSA is one of the most
conservative Muslim countries in the world, particularly
regarding the situation of women. In the KSA, male and
female students in the universities are completely
segregated. Consequently, the male academics cannot teach
female students to face-to-face due to the Islamic restriction
imposed by the Saudi government. The faculty members
provide lectures to female students separately in buildings
equipped with the audio-visual materials. This puts a
substantial pressure on the available resources and facilities
[41]. Therefore, Saudi universities are encouraged to
introduce E-learning system to offer online courses for the
female students in different faculties via a variety of
E-learning systems [15][19].

Another study conducted by Hussein [81] investigated
the attitudes of Saudi universities’ faculty members
towards using the learning management system (JUSUR).
His findings show that 85% of the participants have a
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positive attitude towards the E-learning management
system JUSUR, and no variances in the attitudes among the
faculty members regarding gender or the college
classification type, whether it be the humanities, sciences or
health subjects. In addition, the research results
demonstrate that the faculty members have sufficient
awareness of the significance of E-learning and usage of
technology in teaching. This indicates a significant
encouraging sign for the development of the use of
E-learning management systems by faculty members [82].
However, Hussein [81] suggests some weakness in the
activation of E-learning management systems based on the
participants’ responses: the shortage of awareness
regarding the basics of using the E-learning system;
concerns of some faculty members and students’ families
regarding the E-learning; and the resistance of the
community to the E-learning systems as they consider that
technology is for entertainment, not for learning.

Yahya et al. [83] indicated that personal management is
the different needs and preferences of learner which
involves the learning style and technical skills needed to
solve the problems that occur when the learner access the
E-learning system. Personal management means that
academics become more knowledgeable about the
technology that they use in the classroom. Academics must
overcome personal confusion and uncertainty through
being aware of the issues that they face such as time
management of non-academic problems related to
technology and thereby helping IT developers recognize
their academics needs and providing them easily [84].

VI.

As a conclusion, the main purpose of this research is to
develop the awareness of academics and students regarding
the use of E-learning technology in Saudi higher education.
This research is expected to have a practical implication. To
the best of the researcher’s knowledge, none of the previous
literature yet has examined all provided factors in the
proposed framework inclusively. The deliverable outcome
of this research will be a framework that provides a clearly
structured roadmap for the stakeholders to use E-learning
within the Saudi universities and it can be carried out in
those developing countries especially, the Gulf
Cooperation Council (GCC) countries due to they share the
same factors such as culture, languages, religion, and
education system. Centred on the university level, it is
anticipated that the findings will enlighten stakeholders
about the different uses of E-learning, and how these can be
encouraged to develop learning and teaching at the
university itself, and in the KSA higher education sector in
general.

CONCLUSION AND FUTURE WORK

In future work, we plan to extend current research by
investigating the influential factors on the effectiveness of
E-learning usage in Saudi universities and its impact on
student learning outcomes. In addition, this paper is part of
a broader research project and the findings will be utilized
as the basis of an in-depth survey which will be published in
future research.
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Abstract— This paper seeks to demonstrate how Technology
Project-Based Learning can be applied in the classroom to
make learning more enjoyable, interdisciplinary, and
applicable to real life. Being experienced in teaching Arabic in
the traditional, hybrid, synchronous, and asynchronous online
environment, the author shares her perspective on
implementing a technology-infused, teacher-facilitated, and
student-driven, project-based assessment challenge. She
explains how this challenge allows for a higher level of
creativity and can be applied to other subject areas. She
defines Technology Project-Based Learning as a methodology
that enriches the learning environment and complements
academic instruction and curricular design. The author then
summarizes how the Technology in Technology Project-Based
Learning allows for a higher level of creativity in the
classroom, in which students’ perspectives expand as they
prepare to navigate an ever-changing technological world.

Keywords- Arabic; Learner-Driven, Collaboration; Student-
Centered; Technology; Project-Based Learning; Instructor-
Designed; Student-Driven

l. INTRODUCTION

While many schools in K-12 and higher education realize
the importance of teaching foreign languages to prepare
students to contribute to a better tomorrow, many obstacles
present themselves limiting the teaching of foreign language
in the United States and around the world. These obstacles
include, but are not limited to, pedagogical, teacher-related,
learner-related, and financial challenges, among many others
[1].

The foreign language classroom, just like any other
subject, has suffered from being teacher-centered and has
struggled to find a balanced learning environment and to
transition from being dominated by the teacher to being
student-centered [2]. On page 88 of reference [3], the author
cites Odom et al. stating that in today’s classroom, students’
attitude towards any subject is “positively associated with
student-centered teaching practices and negatively associated
with traditional (teacher-centered) teaching practices.”
Student-centeredness, however, requires, a shift-in-the-minds
of both educators and students [4].

How do we promote this shift-in-the-thinking as
educators? Available technological tools seem to make a
difference in creating a healthy language learning
environment that is also sustainable and affordable. The
foreign language classroom is seeing more use of
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multimedia, moving toward student-centeredness, leaving
behind the aging mentality of lecture-based instructions and
teacher-dominated, teacher-centered  classroom.  This
resolution to create a classroom atmosphere that puts the
students in the center of their learning promotes a healthy
relationship between the teacher and the learner, fosters
critical thinking and shows the relevance of academic
content to real life [5].

To highlight her efforts to overcome the roadblocks to a
student-centered classroom, the author shares a success story
of adopting a student-centered pedagogical approach to
teaching Arabic. She encourages students to use existing
tools to design their learning and think beyond the classroom
walls by infusing technology into Project-Based Learning
(PBL). In this paper, the author focuses on sharing her
experience in implementing Technology Project-Based
Learning in Introduction to Arabic I.

Elementary Arabic | is the beginner level course in
Arabic language and culture. It is a course which covers and
emphasizes the development of the basic skills of the Arabic
language, including basic pronunciation, comprehension,
communication, and grammar. Students in this course also
become acquainted with the culture of the Arabic world [6].
This course may be offered in the traditional face-to-face,
hybrid, synchronous, or asynchronous online environments.
In a culminating, end-of-semester, instructor-designed
assignment, students are required to create individual,
digitally-recorded  autobiographies.  Clips of  these
autobiographies are to be included in a collaborative project,
“Arabic 101 Class Documentary,” in which the whole class
contributes.

The following sections provide information on how
Technology Project-Based Learning methodology is used to
complete two teacher-designed projects in a beginning
Arabic course. Additionally, future implications for the
language and other classrooms are discussed:

e Section Il offers background information on
Project-Based Learning.

e Section Il presents the design brief, including
two hands-on, individual and whole class
activities: “My Cultural Autobiography” and
“Arabic 101 Class Documentary.”

e Section IV shows how the two (individual and
class semester projects) exemplify the
characteristics of Technology Project-Based
Learning (TPBL): using technology, taking
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ownership, collaboration, and incorporating of
the entire curriculum

e Section V introduces work samples of students’
and a perspective on the benefit of TPBL in the
Avrabic classroom

e Section V is the conclusion. It contains a
reflection and future implications for the
language and other classes.

II.  BACKGROUND ON PROJECT-BASED LEARNING

Project-based learning (PBL) is “an innovative approach
to learning that teaches a multitude of strategies critical for
success in the twenty-first century” [7]. It is known to help
students take ownership of their learning and take pride in
their accomplishments in an environment that invites
creative thinking. Students practice collaboration, planning,
problem-solving, communication, among other skills. They
create projects, utilizing resources available to them,
including technology, books, personal experiences, talents,
and the Internet. Project-Based Learning incorporates the
entire curriculum and encourages the exploration of multiple
subjects while requiring a broad knowledge to complete
tasks. John Savery defines PBL in reference [9] as “an
instructional approach that has been used successfully for
over 30 years and continues to gain acceptance in multiple
disciplines”.

I1l.  THE DESIGN BRIEF: TWO HANDS-ON LEARNING
PROJECTS INTO ONE

Although they are due during the last week of class, the
instructor shares “Arabic 101 Class Documentary,” along
with “My Cultural Autobiography,” design brief several
weeks before the conclusion of the course. At the time of
introducing the two projects, students have learned the entire
Avrabic alphabet and can connect the letters to make words,
spell (dictate) words, and pronounce words using correct
grammar, special characters, and short and long vowels.
Students have accumulated a substantial amount of
vocabulary to cover different topics such as greetings, self-
introduction, jobs, places of residence, family members,
other people in their lives, and their likes and dislikes. They
have learned to construct simple sentences, have taken
several quizzes, and have completed a midterm exam.
Students are encouraged to begin working on their individual
and class projects early in the semester since they must finish
their autobiographies in time to have their work included in
the whole class documentary.

A.  “My Cultural Autobiography - An Individual Project
For this project, each student in Elementary Arabic | is

expected to write and record his/her autobiography in
Modern Standard Arabic. Students are expected to include
the following information in their projects:

e A proper greeting

e Name and place(s) of residency

e  Their field(s) of study
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e The number of brothers and sisters they have, if

any

e Favorites (Pets, food, colors, movies, drinks,
etc.)

e Names of and information about other people in
their  lives  (siblings, teachers, doctors,

neighbors, etc.)

Each student is required to submit his/her English and
Arabic versions of the written autobiography. They also
create video recordings of the individual autobiography
and upload them to the class online learning management
system to present them to class. Students are graded as
follows for this individual project:

e Five points for the
Autobiography in English
Five points for the Autobiography in Arabic
Ten points for correct grammar

e Twenty points for correct pronunciation of
individual words in Arabic and clarity of
student’s recorded voice

e Twenty points for using new vocabulary from
each unit (7 words minimum)

e Ten points for helping at least one classmate
peer-review his/her autobiography. Assessment
of this task is accomplished through each
student completing and submitting a form called
“My Cultural Autobiography Evaluation Form.”

B. “drabic 101 Class Documentary” — The Whole Class
Project

For 30 additional points, students collaborate to create a
whole class documentary. In one video presentation, each
student is asked to state her/his name, major of study, origin,
citizenship, current home location, and the reason they are
taking Arabic. The students’ clips are edited and used as part
of the final collaborative project. Each student is also
required to complete an “Arabic 101 Class Documentary
Survey” to share feedback with the instructor regarding
difficulties experienced, students who were helpful or not,
and their contributions in completing the class project.

submission of the

IV. THE ARABIC SEMESTER PROJECTS - AN APPLICATION
OF TECHNOLOGY PROJECT-BASED LEARNING

How does such a design brief in the Arabic classroom
represent Technology Project-Based Learning? The above-
presented design brief requires the use of technology while
encouraging students to take ownership of their learning and
work in collaboration with others.

A. Using Technology

To complete both their individual projects and the whole
class documentary, students use technology across many
stages of their work while communicating, collaborating, and
presenting their products. They learn to use digital
presentations, video production software and applications,
and online collaboration and communication tools. They
employ project planning, project management, production,
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and design tools such as video editing, storyboarding, and
clip sequencing.

B. Taking Ownership

Another Technology Project-Based Learning (TPBL) is
satisfied while implementing the mentioned summative
assessment activity. To complete their work, students must
take ownership of their learning. They carefully plan,
manage, design, and execute the steps to present their stories.
They express pride in their work, apply what they learned to
their lives, and use their creations in real-life situations.

C. Collaboration

As a part of the requirements, students are asked to
collaborate with classmates while working on their
individual and whole class projects design. They use an
evaluation form and a survey to self-evaluate their work and
their classmates’ contribution to the whole-class project.
They evaluate how they and other classmates:

e Help one another in peer review

o  Work together to accomplish project planning,
project management, and task completion

o Work together to design the whole class video
presentation

Another characteristic of Technology Project-Based
Learning, i.e., collaboration, is satisfied by the requirement
of cooperation and group-based learning among students.
Everyone in the class uses his/her talent(s) to complete the
final culminating project.

D. Incorporation of the Entire Curriculum

Designing activities that incorporate other academic
subjects that focus on the whole student make learning an
enjoyable experience and applicable to real life. Completing
their individual autobiographies and the class documentary,
students enjoy cross-disciplinary exploration. Students:

e  Practice self-study and reflection
Conduct writing critiques
Explore the geography and climate of unfamiliar
areas

e Recognize the names of other professions and
fields of study in Arabic

e Learn about hobbies outside of their areas of
interest

o Become familiar with diverse family structures
and relationship styles

e Use multimedia and digital tools to design
digital environments

e Participate in problem-solving, project planning,
management, and communication

This design brief proves to incorporate many content
areas such as critical thinking and writing, geography, social
studies, family structure, multimedia, and project planning,
management and communication.
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V. REFLECTION AND STUDENTS WORK EXAMPLES

Following are two students” work samples of the Arabic
autobiographies: Figure 1 and Figure 2. All identifying
students’ information (names, names of family members,
school, origin, etc.) are removed from both work examples.
In addition to the Arabic text, students also submit an
English version of the autobiography to clarify any possible
ambiguity in the Arabic language, if needed. The students
also create a digital form of the autobiography that shows
their pronunciation and fluency skills in Arabic.

(b)
Figure 1. A Sample Female Student Written Autobiography in
Elementary Arabic I: (a) Arabic Version and (b) English Version

-

(b)

Figure 2. A Sample Male Student Written Autobiography in Elementary
Arabic I: (a) Arabic Version and (b) English Version

Students in the above two examples share much about
their lives, goals, and social circles. The information they
provide includes a proper greeting to classmates, self and
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family introductions, hobbies, likes, and dislikes. It is
remarkable to see how they put the language to use.

Wu [8] states that “Students write meaningful papers
when they are allowed to explore various connections in
writing” and that “writer-centered” project resulted in a
“student-centered” writing classroom environment. After
receiving the instructions for the final projects, the students
begin to make connections between the academic content to
their daily lives. They draft their autobiographies earlier in
the semester and ask questions to clarify any possible unclear
use of the language as they progress in their work. They
become active learners, take control of achieving the project
goals, use new vocabulary in context, and incorporating new
vocabulary to add to their stories about themselves. Students
are only allowed a limited number of non-course related
vocabulary; therefore, during the writing process, students
use force themselves to express what they want using the
vocabulary they learned in the course. This approach is
helpful since “contextualized vocabulary learning is more
effective than learning words in lists” [9]. Putting the
language to use empowers the learner, makes acquiring new
vocabulary less tedious, and relates the knowledge gained in
the classroom to real life. Moreover, students show
excitement about being able to use that they produced in this
final design brief in real life, especially in an interview
where the Arabic language is preferred foreign language,
with which to be familiar.

VI. CONCLUSION

Project-Based Learning has been a popular instructional
approach to designing instructions for decades. It is the
Technology part that is becoming a must-incorporate in
every classroom. Technology removes obstacles and
roadblocks, shortens distances, and promotes
communications among scholars and the education
community. Technology, when used correctly, equalizes the
education field, spreads opportunities beyond the classroom
and institutions walls, and removes obstacles in the way of
preparing today’s student to become a leader of better
tomorrow.

To represent Technology Project-Based Learning
(TPBL), an activity must use technology in a learner-
centered, collaborative, innovative, and interdisciplinary
environment [10].

As teacher-facilitated, student-driven approaches to
learning, the end-of-semester culminating activities in
Elementary Arabic | demonstrate Technology Project-Based
Learning (TPBL) characteristics. In the foreign language
classroom, TPBL is one of many pedagogical solutions to
moving away from the unsuccessful concept of the teacher-
centered classroom. It opens full doors for active learning
and designing working solutions to real-world problems, but
it is not the only approach. Many technology-infused
pedagogies and instructional methodologies are also worth
considering if they focus on the whole student and give
him/her the center of the classroom.
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An approach such as TPBL can be applied in many
academic subjects to help educators and students reach
diverse course objectives. [11]. Educators must provide
opportunities for students to design, build, and create with
their knowledge and the classroom becomes a heaven for fun
while learning.

In 1916, John Dewey said, “Give the pupils something to
do, not something to learn; and the doing is of such a nature
as to demand thinking; learning naturally results” [3].
Technology Project-Based Learning requires students to use
technology and their content knowledge to create solutions to
real-world challenges. It enriches the learning environment
and complements academic instruction and curricular design.
It prepares 21%-century students to be innovative problem
solvers in an ever-changing, technological world.
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Abstract—Studies in Information Retrieval and Technology En-
hanced Learning have not been able yet to propose reliable
support to students and teachers when seeking educational
resources on the Web. The driving force of web-search has been
to match the topic of a query with the topic of documents.
This paper involves Natural Language Learning approaches for
an in-depth analysis of the common traits among educational
web-pages. We analyzed the textual content of resources coming
from educational websites and a survey among instructors. We
computed more than 100 attributes and tested their significance
for classification against web-pages from non-educational sources.
Our analysis selected a set of 53 attributes. The results of a
classification task prove that our traits allow for highly accurate
filtering of resources with educational purposes. Moreover, the
reliability of the proposed methodology is statistically verified.

Keywords—Learning Objects; Internet based systems; Naviga-
tional aspects for on-line learning; Recommender Systems.

I. INTRODUCTION

The Internet is among the most popular places students
and teachers explore educational resources to support their
educational tasks [1]. However, search engines like Google
and other web-based recommender systems still struggle in
suggesting web-pages matching to a specific purpose of inter-
est, for example, education [2]. Automatically identifying web-
content suitable for education is one of the most challenging
objectives because it requires extraordinary attention.

Studies in Information Retrieval (IR) and Technology En-
hanced Learning (TEL) have proposed several solutions to
support teaching and learning needs of instructors and pupils
within an enclosed platform [3] [4]. However, those research
efforts have not been able yet to recommend a reliable tool
that can leverage the potentially infinite amount of pedagogical
resources hosted on the Internet for helping users during their
educational tasks. As a result, after receiving recommendations
from existing search engines, students and teachers must spend
additional time and effort to filter only web-resources useful
for education. Personalization has improved web-search by
identifying what topics users prefer, and some progress has
been achieved in deducing the purpose of the search (e.g., the
user is about to book a trip) for tailored advertising [5]; how-
ever, this is a very different use of recommendation. Instead,
we focus here on identifying documents with a purpose in the
sense of being of value for a learning objective.

Our exploration covers more than 2,300 web-pages ob-
tained from the Seminarsonly website [6], and other sources
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human instructors [7] identified as relevant for teaching. We
incorporate semantic technologies when processing natural
language to we elicit more than 100 features computed directly
from the text of web-resources. We analyze our features to
discover which of these become attributes that permit a clear
distinction between resources suitable for education and those
not suitable. The resulting feature set is evaluated performing
a binary classification of items in our dataset. We built such
dataset labeling the aforementioned educational web-pages as
“relevant for education”. We labeled as “not relevant for edu-
cation” pages crawled from the former DMOZ Web directory,
currently known as Curlie [8]. Our evaluation covers learning
with several representatives of classification algorithms. We
apply Student’s t-test to strengthen the validity of our feature
set. In particular, we tested the accuracy distribution across
the results of a 30-fold cross validation when using all the
selected traits, and when reducing the feature space utilizing
Principal Component Analysis (PCA) and Support Vector
Machine (SVM). The t-test confirms that all the features are
essential for achieving the best accuracy in our filtering task
for each classifier.

Section II which describes our data-set. Section III de-
scribes or features. Our evaluation methods appears in Sec-
tion IV. Section V reports experimental results. Section VI
contrast our work and Section VII provides conclusions.

II. DATA ANALYSIS

We involved Semantic Web techniques and organized the
information into semantic entities extracted from the textual
content of web-pages, where a semantic entity is an instance
of a DBpedia [9] resource that groups a collection of prop-
erties. Semantic entities can be associated with one or more
consecutive words. Following other contributions [10] [11]
[12], we use the Dandelion API [13] for deducing all the
semantic entities in text. In our case, we simplify the analysis
of complex and articulated texts by considering the semantic
entities extracted from them as their representation. We suggest
that, when the text is an educational resource, semantic entities
contain the most distinctive pieces of information about what
the content, concepts, knowledge and skills educators deliver
through the text. Hence, we expect that a set of entities will
represent the entire text reflecting the same knowledge content
without losing any proper traits.
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A. The dataset

Our goal is to extract features from web-pages and test their
validity to recognize whether or not a web-page is suitable for
educational purposes. Hence, the items in our dataset are web-
pages with two possible values for the class: TRUE, when a re-
source has been declared relevant for teaching some concepts,
or FALSE when the page does not contain educational content.
Our dataset consists of more than 2,300 educational web-pages
we extracted from two different sources. The first source is the
Seminarsonly website, which hosts content about Computer
Science, Mechanical, Civic and Electrical Engineering, as
well as Chemical and Biomedical sciences among others. The
second source of educational material is a subset of web-
pages ranked by instructors during a survey [7]. The survey’s
first phase automatically used queries by an intelligent system
against a search engine with names of educational concepts
and courses. The second phase exposed groups of 10 retrieved
pages to instructors who judged the suitability of the web-page
as a learning-object suitable for teaching. In particular, whether
the page could support the learning of the concepts of the
query in the originator course. The instructors used a 5-point
Likert scale to rank how likely would they use that web-page
for teaching a concept. When web-pages are highly ranked
uniformly by judges, it is certain that the page is suitable
for being used in an educational context. For that reason, in
this analysis, a web-page is labelled as TRUE (“relevant for
education”) only when it collected 3 points (relevant) or more
(where the maximum is 5 points —- Strongly relevant) in the
survey. Other pages from the survey are discarded. On the other
hand, we obtain the web-pages classified as FALSE (“non-
relevant for teaching”) by the crawling of URLs contained
into the DMOZ open directory. In particular, we included
pages coming from all the 15 categories represented in DMOZ,
resulting in more than 3,200 web-pages. We consider those
web-resources not suitable for teaching. In total, our dataset
consists of around 5,600 labelled web-pages, according to their
usability in educational contexts.

B. Extraction of Semantic Entities

We exploit DBpedia entities extracted from web-pages for
deducing information about the content of a whole page. For
each extracted entity, Dandelion also reports a confidence
value for that association. The higher the confidence, the more
reliable the link between the part of the text and the entity. The
tool also allows to select a threshold of minimum confidence
for the extraction, avoiding to retrieve poorly related entities.
Hence, the higher the confidence threshold, the higher the
effectiveness of the extraction process but, on the other hand,
the number of entities extracted tends to decrease when the
threshold is high. DBpedia also offers the fype of an entity:
places, companies and personal names. When no match is
found, Dandelion assigns the type Concept to the entity (refer
to Figure 1).

III. FEATURE ELICITATION PROCESS

We analyze four parts of each web-page separately: the
Title, the Body, the Links and the Highlights. We extract the
last two from the body itself of the page. In particular, the
Title is extracted from the title tag and the Body element from
the body tag. Then, inside the Body tag, the text between the
anchor < a > tags is concatenated and labeled as the Links,
while we obtain the Highlights by merging the text between

Copyright (c) IARIA, 2019. ISBN: 978-1-61208-689-7

the tags < hl >, < h2 >, < h3 >, < b > and < strong > .
In this way, we separate all the four elements of a web-page,
allowing for a thorough analysis of the page itself.

We apply the same approach to all the four parts of a web-
page. In the end, we may find a feature that is significant
for classification purposes when considering a specific part of
the page (e.g., the Links), while the same feature could be
discarded for a different part (for instance, the Title). For that
reason, we run the Dandelion API Entity Extraction tool on
all the resources in our dataset, considering one part of a web-
page at a time, so that the entities will also have a label that
indicates the part of a page from which they originated.

The following sections present the groups of features
extracted from our resources. For each group, we selected the
semantic entities according to four different thresholds for the
confidence: the default 0.6, then 0.7, 0.8 and finally 0.9.

A. Lexical features

We base the first group of features on NLP for discovering
characteristics and quantity of the terms used in a web-page.
In particular, the following attributes exploit the complexity
of the words, as well as the number of semantic entities and
concepts relative to the length of a text.

1. The Complex_Words_Ratio = # complex words is is the

ratio of the number of complex words ovlothe total number
of words (i.e., the length) in a text. We used the Fathom
API [14] for deducing the quantity of complex words:
words composed by three or more syllables.

2. Feature Number_entities is the total # of entities of any
type extracted from a text.

3. Entities_By_Words = # entities ; is the number of entities
extracted from a text, with respect to the total number
of words. This feature measures how many words it is
necessary to read for finding a semantic entity.

4. Concepts_By_Words = # concept erltltles is a feature
similar to the Entities_By_ Words but considering only the
concept-type entities. The idea is to have an insight into
how many words it is necessary to read for finding a

concept.

... # concepts .
5. Concepts_By_Entities = F entities. reports the fraction

of entities that are also concepts, with respect to the total
number of entities found in a text.

B. Features based on Semantic Density

Researchers in TEL refer to Semantic Density (SD) as
the quantity of topics presented by a resource with respect
to a characteristic of the resource itself. For instance, the
IEEE Learning Object Metadata schema defines the Semantic
Density of a resource as the ratio of the number of concepts
taught on the length of the resource (commonly measured in
minutes or hours). As a result, a resource yields high SD when
many topics are squeezed in a short time frame.

We consider the different entities in a text as topics
delivered by a resource. Then, we measure two different
SD values for a text: one value concerning the number of
words, and the other related to the reading time (similarly
to the aforementioned IEEE standard). For an even more
comprehensive analysis of the text, we also take into account
only the concept entities. In the end, we compute SD of a
web-page using four attributes.
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Figure 1. Entities in a text found by Dandelion API.
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in relation to the reading time of the text. In this case, 1 i ‘
the text is denser when the reading time is low, and the 4 B [ — o J—— [ N
number of distinct entities (i.e., topics) is high. false  true false  true false  true false  true

3. SD_Concepts_By_Words = [Concepts| considers only

distinct concept entities, with respect to the number of
words. In educational texts, concept-type entities are more
frequent than other types. Hence, the concept-based SD
is expected to hold significant information for educational
classification.

4. SD_Concepts_By_ReadingTime = COICePt!

reading time
sures the quantity of concepts taught by a text according to
the expected reading time. As an example, let us consider
two texts where Dandelion extracted the same amount of
distinct concepts. In that case, the text which requires less
reading time presents concepts in a more condensed way, so
it holds higher SD than its counterpart. In essence, less time
is spent for other entities (i.e., non-concepts) that are not
likely to be used in educational resources, while important
concepts receive more attention.

mea-

C. Selection of the most promising features

At this stage, nine groups of numerical features represent
each web-page. In our dataset, the content of a single item is
split across four web-elements. Furthermore, for each element
of a page, entities are extracted at four different thresholds,
except for the Complex_Words_Ratio group, which leverages
only natural language text so it does not require semantic
entities extraction. Since the first four attributes in the count are
those that involve the ratio of complex words, and we include
one feature for each element of the page, we have

# potential_features = 4 + 8 x 4 x 4 = 132 features.
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complexWordsRatio

Figure 2. The distribution of the four features in the
Complex_Words_Ratio group, according to the class.

However, some of those features may not be useful to
discriminate between a resource relevant for education and
one not suitable for that purpose. We use a parallel coordi-
nate visualization [15] of groups of features and we select
only the traits where a visual distinction is clear among the
web-pages in our dataset. Our filtering process is performed
according to the distribution of the values of each feature,
and we now explain it in the following paragraphs. The
criterion for selecting or discarding a feature is that there is
no overlap between the most frequent values of the TRUE
and FALSE distributions, namely, the values from the first
quartile (Q1) to the third quartile (Q3) in a box plot rep-
resentation. In the interest of saving space, we discuss only
the first two groups of features and show the box plots for
their distributions. The first group is Complex_Words_Ratio.
Figure 2 illustrates that the Highlights and the Links dis-
tributions overlap between classes only across the quartiles
Q1 and Q3. The area in gray highlights that most of the
values from first to third quartile are in common for the
Body and Title elements, while Highlights and Links are able to
separate TRUE and FALSE items with high accuracy. But the
Body and Title distributions display significant commonality
for the their most frequent values. Hence, the two features
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Figure 3. Analysis of TRUE and FALSE items distributions for features in the Number_entities group, extracted from Body (a) and Links (b) elements of a
web-page. The gray areas indicate an overlap.

TABLE I. THE 53 ATTRIBUTES SELECTED FOR THE OVERALL
FEATURE SET, DENOTED BY A » SYMBOL.

Group Body | Links | Highlights Title
6| .71 .81.6].7] 8].6].7].8].6].7].8

Complex_Words_Ratio \ * \ * \

Number_entities * | * * | *

Entities_By_Words * | % * | x| *

Concepts_By_Words * | x| x| x| x| x| *|*

Concepts_By_Entities | x | x | x | x| x | %

SD_By_Words * | k| x| x| x| *

SD_By_ReadingTime * | x| x| x| x| *

SD_Concepts

_By_Words * | x| x| x| K| x| x| *

SD_Concepts

_By_ReadingTime K| k| k| x| x| k| x| *

selected for this group are Complex_Words_Ratio_Links and
Complex_Words_Ratio_Highlights, while the others are dis-
carded. Moving to the Number_entities group, there are
16 possible combinations amongst 4 threshold values and 4
elements of the web-page. Here we show 8§ of those poten-
tial attributes. The first four from the left (Figure 3a) are
about the count of entities found in the Body considering
the four values of confidence thresholds, while the others
(Figure 3b) consider just entities found among the Links. Only
2 out of 8 attributes are useful for classification. They are
Number_entities_Body_0.6 and Number_entities_Body_0.7,
because all the other distributions overlap between TRUE
and FALSE items. Interestingly, when threshold is 0.9, the
number of entities dramatically decreases in both educational
and non-educational web-pages. Especially among the latter
group, there are only form O to 2 entities in the Body, and
none in the Links. Since all the features computed at threshold
0.9 experience the same decrease, in order to have a fair
comparison, we discard them. The remaining 8 traits for this
group are computed taking into account the Highlights and
Title elements. In the first case, all the distributions overlap
so none of the attributes is selected. About Title, distributions
of entities at threshold 0.6 and 0.7 do not overlap so they
are selected, while raising the threshold to 0.8 the two dis-
tributions overlap. We apply the same methodology to the
other groups. What features are selected as discriminators
by the above analysis is summarized in Table I. Note that
group Complex_Words_Ratio does not require entity extrac-
tion, therefore, it has only one attribute per page element.
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IV. METHODOLOGY FOR EVALUATION

In the evaluation phase, we aim to see whether or not the 53
proposed attributes allow state-of-the-art classifiers to achieve
high accuracy in recognizing the web-pages labeled as relevant
for education in our dataset. In order to achieve that goal,
we applied popular feature selection algorithms to our set of
traits, and then we compared the accuracy on the same set
of classifiers. The rationale behind our choice is that some
features may be discarded by generic algorithms as not useful
or redundant, or combined to obtain a new set of attributes.
However, in case the overall accuracy decreases applying
feature selection methods, we can conclude that the proposed
features allow classifiers to yield higher performance in an
educational task, thus, all 53 traits are important when filtering
web-pages in such field. The algorithms for feature selection
chosen as baselines in this work are Principal Component
Analysis - PCA [16] and Support Vector Machine - SVM [17].

A. Classifiers and evaluation measure

In order to produce a comprehensive evaluation across
all types of machine-learning algorithms for classification,
we used state-of-the-art classifiers belonging to four families,
namely Bayesian, Rule-based, Function-based, and Tree-based
classifiers, for a total of eight algorithms. From the first family,
we chose Bayesian Network built with hill-climbing method
[18]. The three rule-based methods involved are Decision
Table [19], Repeated Incremental Pruning to Produce
Error Reduction - RIPPER [20] and Partial decision list
- PART [21]. From the function-based classifiers we selected
Logistic [22] and Sequential Minimal Optimization - SMO
[23]. Finally, as tree-based classifiers, we opted for J48, which
builds a pruned C4.5 decision tree [24], and the popular
RandomForest algorithm [25]. We used the default implemen-
tation and parameters provided by WEKA for all classification
methods. We recorded the performance of the classifiers on a
30-fold Cross Validation according to their Average Precision
(AP), which is the mean of the Precision (P) in a classification
task across all the 30 folds:

P(f) =

# correctly classified items

# items # folds

f€folds
where f is the i-th fold, and # folds is 30 in this study. We
present our results in the next section as percentage values.
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In addition, we aim to strengthen our claim performing a
statistical analysis of our feature set against those generated
by PCA and SVM, comparing the distribution of P in all the
folds using the Student’s paired T-test. The null hypothesis A
to be investigated is:

hg = The chosen feature set does not influence P.
While the alternative hypothesis h; is:
hy = P is higher when using all 53 features.

If hg is significantly rejected and h; confirmed, we demon-
strate the actual validity of all the attributes proposed in this
work. To verify at least a 95% of such significance, we look
for values of p<0.05 in our T-tests. We ran PCA, SVM and
the classifiers using the WEKA 8.3.2 Java library with default
parameters. The entire evaluation is performed on a Windows
10 machine, with Intel i17-6700 octa-core processor @ 3.4GHz
and 32GB of RAM.

V. RESULTS

As described in Section IV, we applied two state-of-the-
art feature selection algorithms, PCA and SVM, to build two
sets of attributes we will use as baselines throughout our
evaluation. To achieve a more comprehensive comparison,
we created those two sets differently. The first one, called
PCA, is obtained running PCA on our dataset. The number
of resulting components, in this case, is fourteen. The second
set of traits comes from SVM, a method for ranking features.
We selected the ten most valuable attributes according to the
SVM algorithm, forming the Topl0-SVM feature set.

Figure 4 shows the AP measured when running different
classifiers using the two aforementioned baselines, and our 53
attributes. We call our feature set AllFeatures. In every test
performed, the proposed set AllFeatures allows classifiers to
obtain the highest precision in average on the 30 folds of the
cross-validation testing. However, we also performed statistical
testing to verify if we can reject the null hypothesis hy (namely,
“there is no evidence that the chosen feature set influences
the precision of a classifier”) and accept the alternative h;.
In particular, since we have two baselines, two alternative
hypotheses will be verified:
h¥CA = “A classifier achieves higher precision when consid-
ering all features than the ones by PCA”
hVM = “A classifier achieves higher precision when consid-
ering all features than the ones by SVM”.

Table II reports the results of the Student’s T-test performed
in our evaluation. We verified a significance of at least 95%
for our hypotheses considering each classifier. We reached
higher statistical significance, around 99% (p-value<0.01) for
h¥CA on the majority of the classifiers. Only BayesNet has
a slightly higher p-value (0.01359). However, it is still lower
than 0.05. When testing our 53 features against those labeled
most important by SVM, also h7V'M is accepted with 99% or
more significance on all the algorithms but one. Indeed, the p-
value when using DecisionTable is 0.01688, yet smaller than
the required threshold of 0.05.
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Figure 4. The average precision (AP) computed for each classifier when
using the different feature sets analyzed in our evaluation process.

TABLE II. STUDENT’S T-TEST RESULTS FOR EACH CLASSIFIER.
THE DESIRED p-VALUE <0.05 IS INDICATED WITH “*”, A p-VALUE
<0.01 IS LABELED WITH ***”.

Classifier AllFeatures vs. PCA AllFeatures vs. Topl0-SVM
T p-value T p-value

BayesNet 2.3266 0.01359 * 7.3054 2.39E-08 **
DecisionTable 6.5606 1.73E-07 ** 2.2284 0.01688 *
RIPPER 5.0055 1.25E-05 ** 4.8125 2.14E-05 **
PART 5.2519 6.30E-06 ** 5.2318 6.66E-06 **
Logistic 2.5343 0.008463 ** 10.15 2.35E-11 **
SMO 4.0649 | 0.0001677 ** | 9.6948 6.64E-11 **
J48 7.6944 8.73E-09 ** 4.4585 5.69E-05 **
RandomForest | 4.2105 | 0.0001126 ** | 4.3679 7.31E-05 **

VI. RELATED WORK

Extraction and selection of attributes from a text is a
popular research topic [26] [27]. Recently proposed approaches
are also based on alternative methods from other research
fields. For instance, [28] applied a technique for encoding
signals called Wavelet Packet Transform for web-page analy-
sis. Also deep learning methods like Convolutional Recurrent
Neural Network [29] have been applied for the classification
of relations in texts. To elicit features useful for filtering
educational web-resources, our approach leverages techniques
for analysing texts coming from the Knowledge Management,
Information Retrieval and the Semantic Web communities. In
the field of Education, [12] used semantic entities from DBpe-
dia to describe and enrich texts coming from the Coursera [30].
platform.

Additional criteria have been suggested when dealing with
content from the Web: Several studies shown how latent
information can be found analysing both text and structure
of web-pages. [31] suggested a methodology for deducing
the category of a web-page considering the loading time of
different objects like images, CSS theme, Javascript code and
Flash content. However, only a group of 6 categories can
be deducted, and educational-related ones are not part of it.
Also, [32] proposed a more general approach which takes
into account the fields of web-pages such as title, body and
anchor text (i.e., the text used to embody a URL) for evaluating
datasets of web-pages. [33] demonstrated that links in a
web-page are important for automatic classification; thus these
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authors exploited links for deducing pages of academic institu-
tions. However, their work is about identifying pages useful for
extracting the internal organization of an Institute, rather than
educational resources delivered in educational coursework.

VII.

We examined a dataset of more than 5,600 web-pages with
the goal of identifying the purpose of a web-page (suitability
as an educational resource). This is a very different task
than recognizing the subject matter nor the topic of a web-
page. We attack this problem by seeking what features can
be extracted from web-pages and their content. We proposed
and identified those useful for classifying online resources for
the purpose of education. We incorporated techniques from
both natural language processing and semantic analysis for the
definition of an initial set of 132 potential predictors. Then,
the most promising traits are the output of an in-depth feature
selection process which results in a set of 53 characteristics
extracted from four sections of a web-page (see Table I). We
evaluated the validity of our proposed features on the binary
classification task that discriminates whether the purpose of
the web-page is educational. In particular, we performed a 30-
fold cross-validation test on our dataset using several state-
of-the-art classifiers of many types and learning models. As
baselines, we used feature selection algorithms for reducing
the number of attributes according to two general approaches:
PCA and SVM. We demonstrated that the average precision
(AP) across the folds is higher when using our suggested 53
features. Furthermore, results of Student’s T-test strengthen our
proposal with all test repetitions achieving p-value < 0.05,
and many lower than 0.01. This statistical significance at
very high levels for all classifiers confirms the features are
informative and effective in providing discrimination capacity
to classifiers across several families. We expect our work
to facilitate retrieval and recommendation of web resources
suitable for specific purposes, especially for helping students
and teachers in educational tasks.

CONCLUSIONS
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Abstract — Recently, classes in which students use their
own Personal Computers (PCs) to follow lecture
instructions are becoming increasingly commonplace.
However, in situations where students are unable to fully
understand a portion of an ongoing lecture or have
missed portions of the instructor’s explanation due to
late arrival, it is unlikely that they will be able to catch
up with and track ongoing explanations and/or perform
operations in tandem with the instructor. However, it is
also burdensome for the instructors that have prepared
such classroom materials to alter their lessons to

accommodate students who are late or having difficulties.

Accordingly, we developed a system that automatically
creates operation manuals for real-time use by students
during lectures and confirmed that students who were
late for classes in which it was used could recover from
such delays on their own.

Keywords - Operation manual; Automatic
Computer-assisted instructions; Global hook

creation;

I. MOTIVATION

Recently, classes in which students use their own
Personal Computers (PCs) to learn how to use applications,
such as Microsoft Word or Excel, or to practice
programming techniques, have become increasingly
commonplace. In such classes, the instructor projects their
desktop display onto a screen that is used to demonstrate
how the software is used and to show students how to
perform operations.

Normally, the screen changes that result from the
instructor’s actions are explained just before a new window
appears, and the instructor typically clarifies what s/he
intends to do by highlighting the operation target with the
mouse cursor. However, not all students are always able to
hear and understand the instructor's explanations and
students who lose track of an operation in progress will be
unable to perform that operation independently.

In an earlier study, Bandoh et al. developed a system that
uses two screens, one displaying the state before an operation
and the other displaying the expected result [1]. This system
allows students to recognize the before and after conditions
for an operation at a glance. However, the problem with this
system is that explanations regarding the corresponding
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operation are limited, and the system only displays the most
current operations. Hence, students whose understanding of
the operations is incomplete will be unable to follow the
entire demonstration. Additionally, students will be unable to
review the operation after the lecture.

In another study, Itamiya et al. developed a lecture
recording system that can superimpose blackboard-writing
and images from the lecturer’s PC screen on the student’s
device in real time using a video camera [2]. However, since
the required operations are performed during the lesson
while explanations are provided, long intervals tend to occur
between operations and the efforts required to confirm
student comprehension levels may be inappropriate during
lectures.

Furthermore, students who are late to attending the
instructor's demonstration need the ability to rapidly
configure their devices to the same state as the lecturer's PC,
which means that they have to compensate for the lack
instructions regarding the operations they missed. To address
such issues, the creation of an instruction manual would be
very desirable. The use of manual creation software [3][4],
makes it possible for instructors to reduce the labor involved
when creating lecture materials to a certain extent, but it
remains very time consuming to create such detailed
manuals.

In this paper, we discuss the process of creating lecture
materials without requiring additional labor in Section IL
Section III explains our newly developed system, and
Section IV summarizes our work.

II. CONCEPT

The ultimate goal of our research is to enable all students
to operate their PCs in tandem with their instructor's
operations and provide a way for students who do not fully
understand previous operations, or who have arrived at the
lecture late, to compensate for their incomplete knowledge.
However, as noted above, it is usually very time consuming
for instructors to create such detailed manuals.

The purpose of this research is to provide a system that
creates an operation manual of an ongoing lecture for student
use without requiring any special work on the part of the
lecturer. To accomplish this, it is necessary to provide a
method by which they can quickly grasp the operation target
and perform any required operations they have missed or do
not understand. However, since this must be done while the

36



eLmL 2019 : The Eleventh International Conference on Mobile, Hybrid, and On-line Learning

lecture is in progress, students must first complete those
missed operations and advance their screens to match the
instructor's PC in the shortest period of time possible.

Our newly developed system creates a screenshot of the
instructor's PC at each operation change, that students can
watch as a slideshow. More specifically, first the system
creates a screenshot of the instructor's PC window just before
an operation. Second, based on the operation of the active
window, it extracts the operation target. Third, the system
highlights the targeted operation on the captured image and
inserts a text explanation of how the operation is performed
(such as via a left mouse click). Finally, the edited image
capture is sent to a Web server.

Since each of these tasks is performed in real-time every
time the instructor performs an operation, students who are
late or unable to attend the lecture, or who need help
understanding the processes involved, can review the entire
process on the Web server.

III. DEVELOPED SYSTEM

The system developed in this study consists of an
operation log storage module on the instructor’s PC and an
operation log publish module on the Web server. In the
subsections below, we will explain these modules, the results
used in the class, and then discuss the system.

A. Storage Module

This module runs on the Windows 10 Operating System
(OS). During operation, the instructor’s application
constantly exchanges messages with the OS regarding
keyboard and mouse input operations. Our system monitors
these messages using Global Hook technology and extracts
all WM_LBUTTONDOWN messages (left mouse button
clicks), WM_RBUTTONDOWN messages (right mouse
button clicks), WM_KEYDOWN messages (press any key
operations), and WM_MENUSELECT messages for the
active window. As a result, all of the required information is
extracted without the need for any special operations other
than the instructor's demonstration.

Figures 1(a) to 1(f) show the captured screen images
created by this module when using Windows Notepad while
our system is active. Figures 1(a) and 1(f) were created by
analyzing the form of the WM_LBUTTONDOWN message,
Figures 1(b) and 1(e) were created by analyzing the form of
the WM_KEYDOWN messages, and Figures 1(c) and 1(d)
were created by analyzing the form of the
WM_MENUSELECT messages.

In these images, the target window or object is
highlighted, and the click position is displayed by the cursor
image if the operation is a mouse action.

B. Publish Module

This module runs on a Web server. On the top page, all
the images sent from the storage module are displayed as
thumbnails. To switch to the slideshow mode, the user
simply clicks on one of the thumbnails. In the slideshow
mode, there are backward and forward link buttons that
permit users to navigate between images. In the highlighted
part of the operation target, users can immediately identify
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the changed parts. The cursor image and the operation
annotations allow the user to identify the targeted operations.

C. Result

We conducted an experiment at a lecture to develop an
Android application using the Eclipse development
environment. In this lesson, the operations performed by a
student to create a project (primarily mouse clicks), the
operations used to create an Android Window (primarily
click and drag) and the programming instructions (primarily
keyboard input) were extracted for use.

Using our system, six students who were late for the
lecture reviewed the missed portions of the lesson and
attempted to catch up with the instructor’s ongoing
explanation. All of these students completed these missed
operations, and were able to operate their PCs in tandem
with their instructor's operations.

D. Discussion

When the pace of the instructor's explanation increases,
the number of students who will be unable to follow the
operations also increases. In this class, the instructor paced
the lecture while periodically checking to ensure that all the
students completed the operations in tandem with the
presentation. To confirm the operations of students, we
recorded the operation process. Checking the operations
performed by students after the lecture, we found that a few
students could not smoothly perform the drag operations.
More specifically, even though the students observed the
screen captures and identified the target object, they could
not identify the drag destination from the screen capture, and
had to click the forward link displayed by the Web browser
to obtain that information.

However, once they became familiar with the system, the
students realized they could quickly click forward to the next
image to determine the drag destination, and then click back
to the image displaying the mouse drag operation itself.

Next, we will discuss the times taken for the operation. In
the lecture, since explanations are given as the operations are
performed, the process takes longer than simply performing
the actual operations. However, since there is no waiting
time for students who perform operations while observing
the operation manual created by the system, there were
situations where some students finished the required
operations more quickly than the students that simply
listened to the lecture.

IV. CONCLUSION

In this paper, we report on a newly developed system that
automatically creates an operation manual based on
instructor PC operations that students can watch in real time
during lectures, and which can be quickly reviewed by late
arriving students. Using our system, the students who were
late for the lecture reviewed the missed portions of the lesson
and attempted to catch up with the instructor’s ongoing
explanation. All students successfully completed these
missed operations, and were able to operate their PCs in
tandem with their instructor's operations.
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However, since the experiment described in this paper
involved only a limited number of subjects and student
participants, it will be necessary to apply the system to
additional classes with larger numbers of participating
students in future studies in order to more fully confirm its
effectiveness.
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Figure 1. Sample images created by our system based on instructor operation.
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Abstract—In this paper, we developed a system that helps teachers
to identify the erroneous operations of a student in computer
literacy classes quickly. We considered two requirements for
the system: (1) recording all operations, and (2) providing
summarized information according to teacher’s requests. For
the first requirement, the system records screen image for all
operations that are acquired by global hook events. For the second
requirement, we proposed the multi-level image presentation
method. First, all captured images are grouped hierarchically
according to their contents. Then, teachers browse captured
images by controlling the level of grouped images. Consequently,
they reduce the number of images to be confirmed and find
erroneous operations quickly. We confirmed the effectiveness of
the proposed method through the experiment. Subjects try to find
erroneous operations from more than 700 images. Subjects using
the proposed method decreased the time for finding erroneous
operations by 60%.

Keywords—Compute-assisted instruction; Operation Process

I. INTRODUCTION

Recently, classes in which students use their personal
computers are spreading. For classes of a freshman in college,
students do some kind of work, programming, writing a report
and so on, by using their computers according to a teacher’s
guide. Some students cannot do the same operation as the
guide by the teacher and sometimes cause undesired results.
Since students do not understand operations enough, they
cannot be aware of erroneous operations, which are causes
of undesired results. They would be aware that something was
wrong, only after being aware of an undesired result. But they
cannot identify the erroneous operation since they did many
operations before the undesired result and they believe that
their operations were correct. So, they would be confused and
ask for help to the teacher. The teacher identifies the erroneous
operation by inquiring the operations or by his/her experience.
Identifying by inquiring would be hard for the teacher since
the student was already confused. So, teachers want to retrace
operations to the erroneous operation with a supporting system.

To retrace students’ operations, some supporting systems
were developed. They record students’ operations and provide
the teacher with the recorded operations. For example, some
methods recording the screen of the student in video format
and finding the operation process by seeing the video have
been proposed [1]-[3]. By using these methods, the teacher
can know all operations that the student performed. However,
the teacher would waste time by using these methods, because
it is necessary to confirm the video regardless of presence or
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absence of student’s operation. There are several methods that
capture the screen each time a student operates, rather than
always recording [4][5]. The teacher can know the operation
process of the student by confirming the captured images one
by one. However, since most captured operations are correct
operations, looking at all the operations takes time to identify
the erroneous operation. To reduce the time for checking
student’s operations, it is necessary to reduce the number of
images that the teacher checks furthermore. On the other hand,
reducing the number of images would cause the shortage of
information to identify the erroneous operations. The shortage
would be serious for Teaching Assistant(TAs) who are not
familiar with the operation to identify the erroneous operation
by only seeing the limited operations. So, it is necessary both
to record all operations and to easily detect

In this paper, we describe a system to helps teachers
identify the erroneous operations of the student quickly. The
system records all operations and provides the operations so
as to be grasped by them quickly. Recording all operations
is similar to the one from [5], and quickness for grasping is
done by providing hierarchically grouped operations. If the
teacher wants to grasp the operation process roughly, the he/she
checks the images containing only the main operations. Also,
the teacher looks at all the images if the teacher wants to grasp
the operations in detail. By using this method, the teacher can
quickly grasp the student’s operation process without missing
the operations and can identify the erroneous operations of the
student as soon as possible.

This paper contains the following flow. Section II describes
the method underlying the proposed method. In Section III, we
consider how to present the operation information. We discuss
the effectiveness of our proposed method in Section IV. Section
V presents the conclusion and future work.

II. PREVIOUS METHOD USING GLOBAL HOOK

This section briefly describes the student’s screen recording
method which is one of the previous methods using a global
hook [4]. This method detects students’ operations, captures
the screen of the student each time the student operates and
provides captured images in order to the teacher.

To detect the student’s operation, a mechanism called the
global hook, which is provided by an operating system is used.
The global hook can intercept messages sent by the operating
system to an application. Messages intercepted by the global
hook include messages generated by a keyboard or a mouse.
These messages are sent at the moment each event occurs.
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Figure 1. A sample of display by the global hook.
(a) Pressing [space] key, (b) Pressing [1] key, (c) Pressing left click, (d) Releasing left click, (e) Pressing left click, (f) Releasing left click

This method captures the screen when a user’s operation is
acquired with the global hook. Thereby, the operation process
of the student is accumulated in the student’s computer as some
images.

The captured images are sorted and are provided to the
teacher. When the teacher wants to confirm the operation
process of the student, he/she sees the captured images one by
one in order. By confirming the captured images, the teacher
can guess the student’s operation. Figure 1 shows images
captured by the previous method, arranged in alphabetical
order. By looking at these images in order, the teacher finds
that the student inputs a sentence, then operates a menu with
the mouse, and opens a dialog box.

By knowing the operation process of the student, the
teacher can identify the erroneous operations. However, this
method has a problem in that it is necessary to confirm
all images captured between the moment students started
operating and the moment the teacher was asked for help.

III. PROPOSAL

In this section, we propose a method that groups operations
hierarchically. With the proposal, the system provides fewer
images than the previous system without reducing captured
images. As a result, teachers should identify erroneous opera-
tions quickly.

The proposed system makes groups from all captured
images. In the lowest level (level 0), each group consists of one
captured image, which represents one student’s operation. In
the higher level (level n), each group is a series of some groups
of the level below (level n-1) and represents a meaningful
operation. The representative image of each group is the last
captured image in the group.

The proposed system provides grouped images hierarchi-
cally. First, the system shows representative images of the
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groups only at the highest level. The teacher grasps the
student’s operations roughly and identifies the group to be
focused. Then, the system shows representative images of the
groups in the below level of the focused group. The teacher
narrows the area to be focused. The teacher repeat them until
he/she identifies the erroneous operation.

With the proposed system, teachers can identify the stu-
dent’s erroneous operation quickly, since they can concentrate
only on a subset of images. And they do not miss the erroneous
operation since they can look all captured images if necessary.

The effectiveness of the proposed system is decided by
the rule for grouping. The rule should be decided by the
application, target students and target teachers. Here, we show
an example for Microsoft Word. When working in Microsoft
Word, this method intercepts mouse and keyboard messages
given to the operating system. Because messages in software
can not be intercepted by proposed system in current state
of the art, groups operations similar to messages in software
from keyboard and mouse messages. In level 0, each group
consists of only one captured image. In level 1, each group
consists of a series of groups of level 0 images that represent a
primitive operation: typing a word, operating a keyboard short-
cut, clicking/double clicking a left/right button of a mouse, and
so on. Typing a word is identified by the sequence of key inputs
except for space or enter key. Clicking the left mouse button
is identified by pressing/releasing event of the left button of
the mouse. Other operations are grouped in the same manner.
In level 2, each group consists of a series of groups of level 1
that represent a more-abstracted operation: typing a sentence,
a combination of keyboard short-cut, selecting a menu by the
mouse, and so on.

Figure 2 illustrates the grouping result for Microsoft Word
in Japanese. These were taken at the time of writing a report in
Japanese. From the level O to 1, the first (typing a character) to
the third (typing enter key) images in the level O are grouped
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Figure 2. A sample of multi-level image presentation.

as character input. And the fifth (pressing the left mouse
button) and the sixth (releasing the left mouse button) images
are grouped as left clicking. From the level 1 to 2, the first
(character input) and the second (character input) images in
the level 1 are grouped as typing a sentence. And the third
(left clicking) and the fourth (left clicking) images in the level
1 are grouped as operating a menu.

When browsing the results shown in Figure 2, the system
provides images of level 2 first. Then, a teacher selects an
image on level 2. Then the system shows images on level 1
that are components of the selected image. And the system
shows images on level O in the same manner if necessary.

IV. EXPERIMENTS

In this section, we compare the proposed method with the
previous method and confirm the effectiveness. We

A. Experimental Setup

Our aim is that teachers can quickly find an erroneous op-
eration of student. To confirm the effectiveness, we measured
the time that it takes testing subjects to find an erroneous
operation and compared the case using the proposed method
with the case using the previous method. The number of
subjects is six. We explained only the contents of the exercise
to the subjects. And we asked them to identify the operation
error without informing the contents of the operation error.
Subjects confirmed the operation process in Microsoft Word
exercise. The content of the exercise in this Microsoft Word is
preparation of materials, there are operations such as text input,
size of letters, typeface change and indent adjustment. The
images presented to the subjects were prepared by reproducing
the operation error when the student made a mistake in
selecting the item in the dialog box before. The operation
recorded in this experiment corresponds from the start of the
exercise to the student himself made an operation mistake.
There are 744 recorded operations, and the erroneous operation
is in the 725th. The content of the erroneous operation was to
select First line instead of selecting Hanging. The number of
captured images was 744, and the number of images presented
at each level of the proposed method is shown in Table L.

B. Result

We divided subjects in half and asked each group to dis-
cover operation errors by either proposed method or previous
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method. The table II shows the average time it takes for
the subjects to specify the operation mistake when using the
proposed method or using the previous method. Comparing the
two average times, we found that, in the case of the proposed
method, the subjects identified erroneous operation in about
half the time of the case of the previous method. We got the
following comments from the subjects.

e  Even for the TA, who is not familiar with the operation
to the application, it is possible to grasp the point
where the operation error is likely to be somehow.
There is a possibility that he can also find a mistake
by looking closely around the point which is likely to
be bad.

e In the previous method, it is hard to find an operation
mistake because there are a lot of images to be
confirmed.

We observed how to check captured images of the subject.
As a result, we found that the subjects confirmed the image
in order from the image of the operation start regardless of
the method. The subjects confirmed the images one by one
and grasped the operation process of the student. And, when
the subjects found an image when an operation error occurred,
they re-examined the previous image and found an erroneous
operation.

In the case of the proposed method, the subjects used
high level display to grasp the operation process roughly,
when the subjects found an image when an operation error
occurred, they used low level display and found an erroneous
operation. From this, we fathomed that subjects could roughly
grasp the operation process of student even using the proposed
method. Since the proposed method can present the image of

TABLE I. NUMBER OF IMAGES PRESENTED BY THE PROPOSED METHOD.

Display level ~ Number of presented images

Level 3 255
Level 2 288
Level 1 744

TABLE II. TIME TAKEN TO IDENTIFY ERRONEOUS OPERATION.

Method Average time(s)
Proposed method ~ 167.3
Previous method 284.6
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the moment the student erroneously operated earlier than the
previous method by using the high level display, it is possible
to quickly find the erroneous operation.

From these considerations, we can affirm that the proposed
image display method is effective.

V. CONCLUSION

In this paper, we developed a system that helps teachers
identify the erroneous operations of the student quickly. We
considered two requirements for the system: (1) recording all
operations, and (2) providing summarized information accord-
ing to teacher’s requests. For the first requirement, the system
records screen images for all operations that are acquired by
global hook events. For the second requirement, we proposed
the multi-level image presentation method. First, all captured
images are grouped hierarchically according to their contents.
Then, teachers browse captured images by controlling the
level of grouped images. Consequently, the system reduces
the number of images to be confirmed and find erroneous
operations quickly. In the future, we will try to increase global
hook events: not only keyboard and mouse operations but also
other types of information, and discuss strategies for grouping
captured images.

The recording system has privacy concerns. For that reason,
we will implement recording on / off in the future and
investigate how the student’s behavior, such as whether the
student can install this system, is affected.
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Abstract—In recent years, video tutorials have become an impor-
tant tool to enhance active student learning. They are considered
to be an effective and efficient instrument to enhance the
progression of students. In 2016, the Faculty of Business and
Economics of the University of Antwerp formulated a vision
on technology-enhanced learning, with a strong focus on the
creation and the use of both course specific and integrative video
tutorials. To make the tutorials available to students throughout
their entire study career, the faculty started in 2017 with the
development of a faculty-wide learning channel, called Eclips.
The platform offers students the opportunity to prepare for a
lecture, revise learning content and fill knowledge gaps across the
curriculum. Besides enhancing the pedagogical project by means
of the student channel, (sub)channels were defined in 2018 for
two additional target groups: the pre-students and the alumni.
This enables the channel to support two other aspects of the
academic mission of a faculty: the dissemination of knowledge
and the interaction with the broader environment.

Keywords—Technology Enhanced Learning; Blended learning;
Digital learning channels.

I. INTRODUCTION

The importance of digital learning material has grown in
recent years. The university and in particular the faculties
Faculty of Business Economics (FBE) and Faculty of Medicine
and Health Sciences (FMHS) focused on video tutorials used in
education to address the heterogeneous incoming and ongoing
students and to improve knowledge across the curriculum. The
existing video tutorials were selected by the lecturers to make
sure that the quality and the level were aligned with the final
objectives of the programmes. These videos were used during
the course or served to clarify certain topics of the course.
Lecturers could also create their own videos in the recording
rooms that have been available on the different campuses of
the university.

However, there was no platform available to collect, group,
and structure all this information. Therefore, the business
and economics faculty decided to create a digital learning
channel in order to provide the students and lecturers with a
clear structure, where they can easily navigate through all the
content that the students have learnt during their bachelor and
master years. By creating the Eclips Learning Channel, the
faculty wants to give the students the possibility to revise at
their own pace and to consult educational video material (also
used in previous study years) when they feel it is necessary
to do so. It also gives lecturers a complete view on the study
material that students are supposed to know.
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In this paper, we use a case-based approach, based on
the Eclips learning channel, to explore several key aspects
of designing and organizing such a faculty digital learning
channel. In Section 2, we give a brief literature overview of the
possible power of video as a teaching medium, and present the
way that the faculty decided to leverage this technology. The
actual structure, content, and design of the Eclips Learning
Channel is detailed Section 2. Section 4 gives an overview
of the main realizations thus far, and presents the current and
future efforts to broaden the reach of the learning channel.
Finally, we present some conclusions in Section 5.

II. ACADEMIC VIDEO TUTORIALS
A. The Case for Video Tutorials

Apart from the great advantage of flexibility, video can be
a very powerful teaching medium, as stated by Thomson et
al.[1]. Video tutorials, often presented as screencasts, are short
videos adopted by lecturers to stimulate active learning during
the course. In the form of shorter mini-lectures, explanations
of assignments or exam solutions, they can be used as supple-
mentary resources when teaching a module [2]. Research, for
instance by Morris and Chikwa [3], has confirmed that students
prefer short screencasts that summarise lectures or delve in-
depth into complex concepts. Lloyd and Robertson demon-
strated positive learning gains in an undergraduate statistics
course for students using a supplemental video tutorial [4].

Apart from being part of the lecturer’s own module, video
tutorials can also be used to cope with the heterogeneity of a
student group by offering students the opportunity to refresh
knowledge or to fill up knowledge gaps. Research by Pinder-
Grover et al. showed that screencasts lead to demonstrable
improvements in course performance, especially for those who
enter with the least amount of exposure to the subject matter
[5]. These hiatus frequently occur at the beginning of a study
career, because of lack of background in a certain topic due to
limited prior knowledge when entering university. Moreover,
it is also manifest that students continuously need to refresh
specific topics during their studies because of the inevitable
process of knowledge evaporation.

B. Faculty Vision on Video Learning

At the Faculty of Business and Economics of the University
of Antwerp, video tutorials tended to be part of a certain
module, incorporated in the related Blackboard course only. To
make video tutorials available for students during their entire
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study career, the faculty set up a digital learning channel with
permanent and mobile access. Students can watch the tutorials
during their studies whenever they need to. Lecturers can refer
to this channel in a cross-curriculum way.

The faculty has organised its courses based on so-called
Learning Tracks, and leverages this structure to deal with
various aspects or cross-cutting concerns of academic courses,
such as internationalisation and examination forms [6]. There-
fore, the digital Learning Channel ECLIPS, is being or-
ganised around these learning tracks: Business Economics,
Economics, Quantitative Methods, Engineering, Information
Systems, Business Communication, Research Methods and
Broadening Subjects. The faculty also decided to adopt an
hybrid model for its video tutorials, using both in-house
produced tutorials and existing clips from external providers.
The channel was implemented at the start of the academic year
2017-2018, and launched for first-year undergraduate students,
i.e., first bachelor year. The main emphasis was on providing
resources for this group of students. In 2018-2019, the focus
moved towards the second bachelor year.

In order to support and encourage in-house made video
tutorials, the faculty set up its own ECLIPS recording studio.
When developing a video tutorial, different video production
styles are offered to lecturers by the production team, such as
screencasts and recording with glassboard or green screen. It
is important to provide a variety in video production styles as
standardisation of video production faces many limitations, as
stated for instance by Hansch et al.: It is important to match
the video style to the instructor. There is not a one-size-fits-all
approach [7]. For the sourcing of the videos from elsewhere,
the faculty relies upon their faculty staff to assess the quality
and consistency of the selected videos. A quality checklist and
a list of guidelines were developed to evaluate both in-house
made and external videos.

III. THE EcLIPS LEARNING CHANNEL

In this section, we detail the actual development of the
learning channel, including three main aspects: structure, con-
tent and design. But first, we discuss the approach to set up
the concept, and gather people around it.

A. Approach

First of all, lecturers who showed interest in Digital and
Blended Learning and Teaching (DBLT) before, were con-
tacted to ask for input on the content of the learning channel.
In order to ensure that the entire faculty was represented,
these lecturers were spread across the various departments.
Moreover, the content of the learning channel was discussed
on the various department meetings. All this information was
collected in order to get a good overview on the information
that lecturers believed to be necessary for their own course.
Since the students are the main target group, a workshop was
organized in which a group of 21 students were asked to
give their opinion on the structure, content and design of this
learning channel. This feedback was taken into account during
the further development of Eclips.

As with other pedagogical aspects or so-called cross-
cutting concerns, the structure is based on the eight learning
tracks within the faculty [6]. The project was initially defined
for a three year period, during which the faculty envisioned
to add content gradually. During the creation of the learning
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channel, extra attention was given to the visual or graphical
aspect of Eclips. To make adoption of the learning channel
a success, the two target groups — students and lecturers —
needed to be reached, informed and actively stimulated. As
stated before, the focus during the first academic year was
on the courses of the first year bachelor. Therefore, the main
target group initially consisted of the first year’s students who
were informed in the information sessions at the beginning of
the academic year. In their welcome package, they received
for instance a pen with the Eclips logo. For the adoption by
other students (Bachelor 2, Bachelor 3, Masters) the faculty is
counting on the second target group to spread the word. This
second group, the lecturers, was informed during the yearly
meeting in the beginning of the academic year. They were
also invited to take a look at the recording room containing
the necessary supporting equipment to record video tutorials.

B. Structure

The learning channel is embedded in Blackboard and has a
clear structure to navigate, both for students and lecturers. The
Eclips Learning Channel presents video tutorials and digital
modules according to the structure of the eight learning tracks
within the curriculum. Each learning track decides on and
defines their own substructure by mutual agreement within the
learning track. Mindmaps are used to guide the students and
lecturers throughout this structure.

The technology behind the channel structure is quite
elementary and consists of two basic building blocks: the
electronic learning platform Blackboard and a PowerPoint
presentation to represent the mindmap structure, which is
converted into a HTMLS5-package within Blackboard. The
Eclips Learning Channel is made available in the list of courses
within Blackboard, which is accessible to all students and
lecturers of the faculty. Opposed to other courses, the learning
channel will be visible during the entire academic life of
both the student and lecturer. When the student or lecturer
clicks on Eclips in Blackboard, he is presented with the main
HTMLS5-mindmap of Figure 1. When navigating to a video

@ECLIPS.,
/4

UAntwerpen - Faculteit FBE - Kennisclips per leerlijn

%’ @/ \@I

Informatie-
systemen

® @

Onderzoeks-
methoden en tools

Algemene Bedrijfs-
economie economie

® B

Kwantitatieve Zakelijke
methoden communicatie

Engineering

Verbreding

Suggesties en reacties *‘

Il FBE Learning Channel I» @

Figure 1. Main structure of the mindmap.

in the mindmap, an information sheet shows details about
the author, the production date and duration of the video,
the used platform or source, and a short description of the
video content. Each information sheet has a unique identifier
that refers to the video tutorial or digital module. The video
starts by clicking on the play button in the right corner of
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this information sheet, as represented in Figure 2. Hyperlinks
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behind the icons in the mindmap ensure that the user can
navigate through the different learning tracks to find the video
tutorial or digital module he or she wants to consult. The
technology used to create the HTMLS-package ensures that
users are able to navigate through the mindmaps and watch the
videos on their mobile devices, a concern that was expressed
during a workshop organized with the students.

In case a student has a suggestion to upload a video tutorial
in the learning channel, or there is an error in the video tutorial,
the student can contact the Eclips team through an interactive
forum. Thanks to the unique identifier in the information sheet,
the student can easily refer to the video tutorial.

C. Content

In the first academic year of the project, 2017-2018, the
faculty focused on courses for the first year bachelor students.
More specifically, the focus was on the courses with a low
pass rate and the courses taken by a high number of students,
i.e., Accountancy, Economics, Mathematics and Statistics. The
lecturers of these subjects received technical support from
the Eclips team members to create the video tutorials, which
benefits the content in general and especially the pace at which
the content of the learning channel is created. Even though
these four subjects receive priority, other subjects are also
invited to create video tutorials. In the second academic year,
2018-2019, the focus shifted to the courses of the second
year bachelor, in order to finish the project in 2019-2020 with
a focus on the third year bachelor. This time path ensures
that the content of the learning channel gradually grows in a
synchronous way with the students who started their academic
life at the same time the learning channel was launched. The
students can consult the learning channel during their entire
academic career at the University of Antwerp.

The content of Eclips consists of both existing videos
and in-house made videos. The existing videos are carefully
selected by the lecturers, keeping the quality of the video
tutorials in mind. These are video tutorials from websites
like Khan Academy and PatrickJMT. The faculty provides a
recording studio where lecturers can record video tutorials with
the assistance of an Eclips team member. Various types of
recordings are possible in order to realize a variety of content
in the learning channel. Examples of these types are video
tutorials making use of a glassboard, handwritten video tuto-
rials, PowerPoint presentations, and green screen recordings.
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The type of the recording depends on the preference of the
lecturer and the topic of the video tutorial. The current number
of available video tutorials for each learning track is shown in
Table 1, and will be discussed in the next section.

D. Design

The visual aspect certainly plays a crucial role in encour-
aging students and lecturers to make systematic use of this
video platform. Together with the graphical design team of the
University of Antwerp, a logo, a set of icons, and a house style
were designed. The icons are used in the mindmap in which
the students navigate through the structure. The logo makes
it possible to brand the in-house made video tutorials and the
learning channel. Even though Blackboard is the platform that
is used for the learning channel, the mindmap, logos and icons
give it a refreshing and contemporary look.

De nominale index van het
Bruta Binnenlands Praduct (BEBP)

Figure 3. Example introduction screen.

In order to be sure that the in-house made videos by
the lecturers exhibit a uniform look and feel, the in-house
made video tutorials start with the Eclips introduction screen,
represented in Figure 3. To provide maximum support, a tem-
plate for PowerPoint and Camtasia (a video editing program)
were created. The main colour used in the templates is green,
since this is the colour that represents the faculty. The various
learning tracks have different unique colours.

IV. REALIZATIONS AND FUTURE PLANS
A. Content and Usage

A first realization is of course the mere fact that the faculty
developed a dedicated, visually attractive learning channel,
offering both in-house and external video tutorials and digital
modules, and providing a clear structure in which the students
can easily navigate. However, the actual realizations need to
be expressed in terms of created content and student use of the
video tutorials. Table I shows the number of video tutorials and

TABLE I. NUMBER OF VIDEO TUTORIALS OR DIGITAL MODULES IN

EcLips.
Learning track In-house | External | Total
Business communication 7 6 13
Research methods and tool 11 10 21
Quantitative methods 43 108 151
Business economics 58 0 58
Economics 15 0 15
Total 134 124 258
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digital modules, that were available for each learning track
in may 2018, less than one year after the launch of Eclips.
Only the learning tracks that contain content are mentioned
in Table I. In Figure 4 the growth in the different phases of
the project are summarized. This figure shows that especially

Figure 4. Eclips Content growth.

after the launch of the learning channel, the content in general
and the production of in-house made video tutorials started
booming. The highest growth rate can be found in the learning
track quantitative methods. This is both logical and desirable,
since the content of quantitative methods covers the core
competences that are needed in other learning tracks.

Through the Mediasite of the university, the video platform
in which the in-house made videos are uploaded, the lecturers
can consult statistics on the views of their video tutorials. It
gives an overview of how many students have watched the
videos, which parts of the video have been watched the most,
etcetera. In other words, it offers the lecturer a clear insight
in the topics that students find more relevant and consult
accordingly. These results are, up to may 2018 or less than
a year after the launch of Eclips, summarized in Table II.

TABLE II. NUMBER OF VIEWS FOR THE VARIOUS VIDEO TUTORIALS.

Learning track Number clips | Total views | Average views
Business communication 7 269 38
Research methods and tool 11 1232 112
Quantitative methods 43 8140 189
Business economics 58 59327 1023
Economics 15 2639 176
Total 134 71607 534

B. Synergies with Other Faculties

Since the launch of Eclips in 2017, two other faculties
of the University of Antwerp started with the implementation
of their own tailor-made ECLIPS Learning Channel. These
additional faculty channels share the Eclips brand, including
the concept and the design, but consist of videos which are
specific to the domains offered in the degree programmes
of these faculties. This interfaculty cooperation clearly offers
multiple opportunities for the future. Such opportunities range
from simple economies of scale for recording equipment, to
the exchange and co-creation of videos and/or scripts.

The growth of Eclips into multiple subchannels also im-
plies an increase in efforts to manage the Eclips channel(s).
For instance, the regulations concerning copyrights should
be taken into account. Using video excerpts or short videos
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as educational resources without adding changes in a pro-
tected learning environment is allowed by Belgian legislation.
However, referring or linking to the existing tutorials on the
external channels should be done very carefully. Moreover,
a growing learning channel consisting of three subchannels,
needs permanent maintenance and monitoring. Due to the
interaction with different parties delivering videos, this may
become quite challenging.

C. Reaching Multiple Target Groups

It is part of a university mission to connect and interact
with the outside world. In 2018, the faculty included the pre-
students as second target group for the in-house produced
tutorials. Three public subchannels were launched for pupils of
secondary school and their teachers, in the domains of mathe-
matics, statistics and accountancy. The tutorials are offered to
provide this new target group with a tool to bridge possible
knowledge gaps between secondary school and university
before entering university. As such, these tutorials will help
pre-students to assess their readiness, and function as a support
instrument in their study orientation process.

As lifelong learning becomes and remains a crucial issue
in our society, the faculty recently decided to address alumni
as a third target group of the ECLIPS Learning Channel.
Specialized expert knowledge, based on research being done
by academics, will be transformed into video tutorials as
well, serving both graduate students and alumni. Unlike the
more accessible knowledge offered in the subchannel for
pre-students, more advanced niche knowledge is targeted for
the alumni subchannel. This channel is yet to be launched
formally, but initial preparations have already begun.

Figure 5 presents a schematic overview of the vari-
ous Eclips (sub)channels, based on the corresponding target
groups, i.e., pre-students, students, and alumni. For every target
group, the technological hosting platform and the type of
content are included in the summary. As an illustration, the QR
codes referencing the pre-student channels are also included.

V. CONCLUSIONS

The development of the Eclips Learning Channel proofs
that a faculty can indeed build an efficient digital learn-
ing channel with limited human, i.e., three part time team
members, and technological resources, i.e., Blackboard and
PowerPoint. As the channel has only been launched a little
more than one year ago, it would be premature to draw
any hard conclusions about its added value and efficacy. An
enquiry with both students and lecturers about the structure,
the content and the design of the video tutorials is currently
being organized.

However, based on the registrated viewing statistics, we
can already cautiously say that the learning channel is gaining
momentum. Moreover, we are able to conclude that students
consult the video tutorials more often when the lecturer ex-
plicitly refers to them. As the learning channel offers a better
overview across various topics of the different courses, we
expect that the learning channel will have a positive impact on
the study process of the students, and the productive interaction
between students and lecturers.

A clear indication of the (perceived) added value is that the
Faculty of Medicine and Health Sciences, decided to replicate
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Figure 5. Schematic representation of Eclips (sub)channels and various target groups.

the entire concept of the Eclips learning channel, and adapted
the mindmaps to make a logical structure for their own faculty.
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Abstract— Ever since ancient times, learning was a two-way
process, a dialogue among the tutor and the learner. The
transfer of knowledge implies social interaction, hence the
dialogue is of utmost importance. With the widespread of
social media and mobile systems, learners expect quick, easy
responses to their questions any time of the day. As e-Learning
systems promote time and location flexibility, synchronous
dialogue in such systems should not be bound to the time
frames that the instructor is available, but should allow
learners active real-time feedback throughout the day. Such
synchronous interaction is possible through a variety of tools
like: automated intelligent grading, intelligent tutoring systems
and intelligent facilitator agents embedded in the Learning
Management System or social networks. This paper provides
an overview of automated dialogue characteristics and a
survey on recent research efforts in academia and industry in
building intelligent dialogue capable systems. Imagine a system
that adapts intelligently to learners’ requests and allows them
to take control of their own learning, making the bulky
learning interface transparent to the user.

Keywords-adaptive chatbots; intelligent user interfaces;
artificial intelligence; adaptive dialogue.

L INTRODUCTION

Generation Z, the first generation after Millennials, is
defined as people born from the mid-1990s to the early
2000s makes up approximate 25% of the U.S. population,
making them a larger cohort than the Baby Boomers or
Millennials [1][2]. The young generation is very comfortable
with technology, and keen on using mobile devices in their
daily routine. They want their learning to be personalized to
meet their needs while still enabling collaboration with their
peers and mentors. Learning on the move, using mobile
devices and liberated from a static classroom environment
such learners still require the face-to-face-like traditional
classroom interaction.

Due to the increase of multimedia content on the web,
and deeper penetration of machine learning into various
applications, it is possible to deploy adaptive systems that
guide student learning at the users’ request. While
multimedia is gaining popularity on the Web with many
technologies that support animation, video, audio and even
novel forms of haptic (i.e., tactile) interaction [3],
unconstrained use of multimedia results in user interfaces
that confuse users and makes it harder for them to understand
the information [4]. To cope with the amount of information
available online, the dialogue has to be adaptively managed
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based on the user’s requirements and level of knowledge [5].
Adaptive dialogues can be implemented through Artificial
Intelligence (AI) supported active assistants (e.g., chat bots)
and other intelligent tutoring systems [6]. Such automated
systems respond to natural language requests, provide
answers and learn in this process. Building on the data they
acquire about the users’ requests, they can make suggestions,
adapt information to the users’ needs, and simulate an
instructor.

While the course content is important, the content
exchanged through the teacher and learner’s dialogue
(synchronous and asynchronous) is the most important
component in the e-Learning environment [7], even for
hybrid courses approaches [8][9].

The paper is structured as follows. Section 2 provides a
brief overview of synchronous/asynchronous tools for
dialogue support followed in Section 3 by a brief review of
intelligent, adaptive dialogue with a tutoring agent. Section 4
provides a survey on recent intelligent automated facilitators,
including the avatar forms in Virtual Reality/Mixed Reality
(VR/MR) environments. Near future trends are discussed in
the conclusion.

II.  INTELLIGENT DIALOGUE IN E-LEARNING

A new study [10], indicates that over 80% of high
school students use smartphones regularly, while 90% of the
students agree that tablets will change the way students
learn in the very near future and more than 80% of them
agree that using tablets in the classroom allows them to
optimize their learning. In an effort to cope with these fast
technological advances, a continuous improvement of
course materials and adaptation to the mobile devices is
required but not sufficient. Generating intelligent dialogue
among the users of an e-Learning system becomes a
challenge. Moreover, dialogue becomes itself the central
piece of learning as the lack of dialogue usually is
associated with the lack of interest in the topic. Research
suggests that learning is also enabled from the observation
of the dialogue, the reflection induced by the potential of
submitting questions and answers, and in the interaction
between the face-to-face and on-line environments [11].

Intelligent dialogue is an enabling discussion allowing
the learner to advance his/her understanding of concepts and
paradigms associated with a specific paradigm. Such
dialogue may be established between the learner and the
following types of tutors:

49



eLmL 2019 : The Eleventh International Conference on Mobile, Hybrid, and On-line Learning

e [nstructor — in a synchronous or asynchronous session,
where the instructor is the main decision factor in
providing learning directions to the learner.

e Peer — refers to the peers of the leaner (i.e., other
learners) that have understood a particular concept or
paradigm and are capable of explaining the concept to
the learner in a sometimes, more “understandable” way.

o [Intelligent agent. A software component designed to
manage and adapt to the learner’s requirements and
background knowledge. Such a software component is
usually driven by a machine learning algorithm [12]
and it establishes a meaningful dialogue considering the
learner’s requirements and background.

Regardless of the type of the participants in the
dialogue, an e-Learning systems supports different types of
communication tools. In case of an intelligent software
agent, the integration of the software module with one or
more communication tools must be achieved. The
communication tools can be divided into synchronous and
asynchronous as illustrated in Figure 1, and their use
depends on the time availability of the participants.

[ Synchronous ][ Asynchronous ]
(" AudioVideo- \ [ AudiolVideo- \
based: based:
Conferencing, Pre-recorded
WebCasts. Multimedia
Text-based: Text-based:
Chat Channels, E-mail, Electronic
Instant Messaging Documents,
Multiple Discussion Boards,
modalities: Blogs
BlackBoard, Multiple
WebEx modalities:
Virtual Libraries,

\\ / kSociaI Networks /

Figure 1. Synchronous vs Asynchronous Dialogue Technologies

A. Intelligent Synchronous Dialogue

Synchronous dialogue is an essential component of
discussions, lectures and in general presentations that occur
at a predefined point in time and are typical in a face-to-face
lecture. With the wide spread and proliferation of the
Internet, such synchronous dialogue is supported through
learning environments that provide multiple ways of
interacting, sharing and the ability to ask and answer
questions in real-time wusing synchronous learning
technologies. ~ Videoconferencing, = web-casts, instant
messaging and interactive learning systems supporting chat-
based communication are just a few examples.

Synchronous dialogue requires participants to be
available at the same time, however there is another
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essential requirement that is sometimes forgotten: the
participants must also have to dedicate similar time frames
for dialogue (i.e., class times are often set to 50 minutes
intervals). Care must be taken to keep the dialogue from
degrading into a monologue.

Techniques to improve synchronous dialogue from the
tutor’s perspective include: assessing the learners’
background knowledge and skills level to predict the
capability of the learners to grasp the content and ensure
class uniformity; establishing a rapport with the learner at
the beginning of the dialogue; High interactivity by keeping
text-light and activity-heavy to stimulate the interaction;
Encourage the learner to send queries and share his insights;
Adapt dialogue pace based on the learner.

On the learner’s side, it is important that the learner
assumes an active participation role in the dialogue.
Furthermore, self-directed motivation is expected of the
participants in synchronous dialogue.

B. Intelligent Asynchronous Dialogue

An asynchronous dialogue is usually built upon the idea of
time flexibility from the participant’s perspective. While
synchronous dialog requires participant to be online at the
same time, asynchronous systems dialogue is usually build
on communication systems like e-mail and discussion
forums and their various forms under social networks or
specialized research networks (e.g., Academia, Research

Gate, etc.)

In an asynchronous learning environment learners are
encouraged to actively participate in their own learning,
providing them the chance to cooperate with their peers,
provide peer feedback, and reflect on their personal learning
objectives and outcomes. Such an environment implemented
through a discussion forum for example and associated with
a proper reward grading system, can increase the learner’s
motivation as well as inter-peer interaction, generating the
basis for an intelligent dialog among peers and hence
improving the learning outcomes [9][10].

In a web-based client-server environment, even though
there are many types of asynchronous applications,
communication can be classified as: poll, push, and long-
poll [13]. If a parallel is drawn among these categories and
the asynchronous dialogue between the tutor and learner, the
following dialogue categories are obtained, see Figure 2:

e Polling, asynchronous dialogue: the learner asks to the
tutor at regular intervals and the tutor responds with
guiding information. Such an approach can be
implemented for example using an e-mail system with
the “polling” initiated by the learner.

e Long-polling, asynchronous dialogue: is similar with
the first approach in that the learner is sending a
question to the tutor however the connection is kept
open and the tutor provides an answer when s/he has
the information available. Interestingly, such
asynchronous communication can be implemented
thorough a synchronous tool (e.g., web-chat) with the
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condition that, both the learner and the tutor keep the
chat channel open for a long period of time and monitor
it for activity.
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Figure 2. Three approaches: Poll, Long-Poll vs. Push Dialogue

e  Push asynchronous dialogue: the learner subscribes to
a tutor channel by sending an initial request/question
and from that point on s/he receives answers/updates
“pushed” by the tutor. Such a dialogue can be initiated
through a subscription to a discussion thread in a
discussion forum for example.

III. INTELLIGENT AND ADAPTIVE DIALOGUE

The establishment of an intelligent dialogue itself is
fundamental, as a simple one-way communication between
the tutor and the learner, i.e., a monologue is a one way
communication channel that eventually requires feedback.
Although a monologue is theoretically defined as a
“prolonged talk or discourse by a single speaker”
conversations between two parties who are not really
listening to each other are, essentially, monologues
concealed as dialogues. The intelligent, adaptive and
automated dialogue attributes have the following meaning:

o [Intelligent dialogue must reveal good judgment and/or
sound thought from both the tutor and learner.

e Automated dialogue implies a computing algorithm
behind the user interface generating and managing the
dialogue (i.e., an intelligent agent) with the learner and
augmenting or replacing temporary the real tutor.

e  Adaptive dialogue implies that various aspects are taken
into account (e.g., user’s background knowledge and
progress) and the tutoring agent is able to adapt to the
learner, obviously exhibiting a certain level of
intelligence.

Intelligent, automated, adaptive dialogue between a
learner and a software tutoring agent may be implemented in
a learning management system at different stages:

e Assessment: through automated grading that provides
the learner with feedback after and assessment (quiz,
exam, etc.) has completed. It simulates the behavior of a
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human tutor, and helps assess learners’ knowledge,
analyzing their answers, providing feedback and
proposing personalized training plans, mostly in an
asynchronous context. Automated grading is cheap,
quick and without human bias, however it has serious
limitations when applied to essay-type content
assessment [14].

e Content Creation: “Smart content” creation, from
digitized guides of textbooks to customizable learning
digital interfaces, are being introduced at all levels, from
elementary school to corporate environments [6].

e  Content Delivery: intelligent tutoring systems have seen
a tremendous amount of progress in recent years [7].
Recent advances in Artificial Intelligence (AI) have
enabled dialogue management frameworks like
Artificial Intelligent Dialogue Agent (AIDA) [12].

Integration of intelligent, adaptive and automated dialogue in
popular Learning Management Systems (LMS) (e.g.,
Docebo, Adobe Captive Prime, Desire2Learn, Moodle,
Looop, SkillCast, etc.) is still lagging behind. Most LMSs
improve interaction through concepts like gamification, and
enable learner’s self-management and enhanced visualization
of learning progress, however dialogue is pushed to the peer
or tutor level.

Iv.

The main purpose of an automated facilitator in an e-
Learning environment is dialogue facilitation for learning.
Most facilitator systems rely on speech recognition and/or
text analysis and interpretation.

The industry has implemented a variety of natural
language ChatBots and voice-recognition modules trough
projects like Apple’s Siri, Google Now, Microsoft’s Cortana,
IBM’s Watson. LMS environments like Khan Academy,
YouTube, Coursera, Lynda, and other massive open online
courses (MOOCs) are growing in popularity, however they
are still lagging behind in terms of intelligent dialogue
creation. Many of these tools suffer from the lack of the
immediacy and motivational qualities of personal interaction
with a human. However, the effort to improve is ongoing
with the goal of powering the intelligent dialogue inside a
multitude of devices and digital services (e.g., Viv labs [15])
along the “intelligence becomes a utility” slogan.

Among the notable ongoing research projects in
automated, intelligent facilitator’s development, Mika [16]
provides learners feedback and hints based on the learners’
background knowledge and the learner’s problem solving
strategy. University of Southern California Institute for
Creative Technologies is leading for a few decades research
efforts in delivering Virtual/Mixed Reality based intelligent
avatars that act as facilitators for different tasks using the
“Virtual Classroom” paradigm. The SimCoach project [17]
for example, implements a virtual human (avatar) support
agent that facilitates intelligent dialogue with military
personnel and family members to seek information and
advice related to their healthcare. Moreover they have
expanded the avatar facilitator approach to other areas like:
STEM education, CANVAS project [18] and PAL3 [19], a

INTELLIGENT AUTOMATED FACILITATORS
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system for delivering education materials and intelligent
dialogue via mobile devices, to provide on-the-job training
and support lifelong learning.

Projects like TLE TeachLivE™ [20] , reverse the coin,
and explore Mixed Reality classrooms with simulated
learners that provide tutors the opportunity to develop their
pedagogical practice through intelligent dialogue in a safe
environment that doesn’t place real learners at risk [21].
European Union research efforts (e.g., iTalk2Learn [22])
emphasize the importance of intelligent dialogue through
interdisciplinary projects that aggregate expertise from
machine learning, user modeling, intelligent tutoring
systems, educational psychology and mathematics.

V. CONCLUSION

The dialogue is an essential component of any human
activity, and it is fundamental for any type of interaction.
Particularly in education, its importance is amplified by the
fact that knowledge transfer occurs in the process of social
interaction through intelligent dialogue.

Artificial intelligence has been “married” with
education for more than 30 years [23]. Personalizing
teaching, learning 21% century skills, life-long and life-wide
learning will spawn many Al based applications, targeted at
new forms of intelligent dialogue design and development
involving human senses beyond audio and visual. However
care must be taken, to train teachers on how to balance their
competences between the new, Al driven, intelligent
dialogue systems and the traditional class activities.

Haptic (“tactile”) interfaces [24] and Web3D [25] have
recently been employed in e-Learning prototypes to enhance
intelligent dialogue as well as to widen the communication
channel. With the rapid evolution of technology, the 3D and
haptic sense, seem poised for immediate adoption into
virtual facilitators, embodied like virtual humans, for
intelligent dialogue tailored to each learner.
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Abstract - In the following article we report the current
status of our research on integrating a simple, useful adaptive
learning system into a university's standard learning
management system. In this context, a corresponding
instructional design was implemented for a basic mathematics
course with the aim of supporting students in their self-study.
A rule-based tool was developed for this purpose. The
theoretical basis of the design was the Cognitive Load Theory.
Based on the principles of this theory, the load on the working
memory of the students during learning was to be optimized by
appropriate task difficulties. It was expected that the learning
performance would be improved. The first results from one of
our preliminary studies focusing on learning progress, activity
and previous knowledge of different groups of students showed
that students who actively worked with adaptive tasks
benefited from the system and achieved a greater learning
progress than the comparison groups. In the follow-up to this
finding, new research questions have arisen for us on the basis
of certain limits of the previous study. All of these questions
aim to determine whether the positive learning effects can be
attributed to the increase in learning activities alone or to
following the recommendations or to the interaction of both. In
this paper, we present the next research steps in the sense of a
framework in order to find the corresponding answers.

Keywords - technology-based learning; adaptive learning;
recommendation system; cognitive load; learning management
system; log files.

1. INTRODUCTION

Many areas of our society and social life are increasingly
subject to digitalization. This also applies to the area of
education and learning. Accordingly, new forms of learning
are emerging and gaining importance, such as distance or
blended learning concepts or also pure technology-based
learning offers. These forms of learning can be
distinguished from traditional ones by their flexible
characteristics [2]. For example, they enable certain forms
of freedom and autonomy, they help to overcome space-
time barriers, they open up new opportunities for lifelong
learning, or they allow students to complete academic
studies even while in full or part-time employment or
parenthood. In addition, this flexibility also opens up the
opportunity of individualizing or, even more, of
personalizing learning on the basis of the heterogeneous
characteristics or needs of learners by adapting teaching
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concepts, curricula, learning contents or tasks to the specific
needs of the individuals. In many current training programs,
specifically in higher education, it is generally expected that
all learners develop the same competences, despite different
prerequisites, such as pre-knowledge, learning skills,
interests, motivation, social status, life situation, and so on.
In addition, the learners in traditional learning offers are
given the same or almost no different learning paths or
learning support. In contrast to the corresponding traditional
"one-size-fits-all" concept, one effective method of
achieving learning success is to continuously adapt learning
arrangements to the individual needs of students. The
importance of adapting learning processes to the individual
needs of learners is demonstrated, for example, by a
phenomenon known in research on cognitive instruction
design as the Expertise Reversal Effect [7][9]. It is shown
that, among other things, instructions or specific assistance,
which are important for beginners, lose their effect for
experts or can even hinder them in their learning. From a
technological point of view, adaptive learning environments
or adaptive arrangements can be provided within a learning
environment by a more or less complex Learning
Management System (LMS).

Today, studies on adaptive learning concepts are
becoming increasingly ~ common, but  practical
implementations are still scarce [6][16]. Price et al. [14]
argue that there is a gap between research and practice that
appears to be systemic in nature and requires change at
several levels, including institutional change. FitzGerald et
al. [3] in contrast assume that individualization in
technology-based learning can be seen as positive and
promising, but that its implementation is difficult to realize.
While some, such as Murray and Pérez [13], assume that the
cause is more to be found in technology-based learning
environments, they look to the educational sciences and less
to the technological side to drive forward a corresponding
transformation. However, in order to bridge the gap between
research and practice, we need an interdisciplinary approach
with broad-based field studies in appropriate contexts and
the further development of sound didactic concepts [15]. In
one of our own studies [5] we show, for instance, that a
viable adaptive concept for a basic mathematics course
(university level) can be realized in a simple way via a
standard learning management system (Moodle) using a
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blended learning scenario during a whole semester. In
particular, novices with low pre-knowledge and high
learning activity benefit from this concept regarding their
learning progress.

On the basis of these results, the present study aims to
answer a further question, which has not yet been assessed:
whether the positive learning effects found in the
preliminary study are attributable to the increase in learning
activities or rather to recommendations of the learning
system. In the following, the adaptive learning system
developed by us is described and the results of the
preliminary study are summarized. We then discuss the
further research questions and methodological approaches
(data collection and evaluation) arising from the limitations
of the preliminary study.

II. IMPLEMENTATION AND FIRST EXPLORATORY
FINDINGS

A. Implementation of the Adaptive Learning System and
Instruction Design based on the Cognitive Load Theory

The above-mentioned adaptive learning concept was
developed and implemented as part of a degree program for
business engineers. For this purpose, we implemented 84
adaptive online tasks and made them available to the
students for the autumn semester 2017/18 through the
learning platform. The blended learning scenario consisted of
20% learning time as a face-to-face sessions and 80% as self-
study. This included literature study on the one hand and the
possibility to acquire required skills by intensive practicing
with interactive tasks (in this case in adaptive form) on the
other hand. The adaptive tasks themselves covered all
learning objectives of the course.

Various authors (e.g. [11]) propose a learner model on a
theoretical basis for the development of adaptive learning
environments. In this context, we focused more on a basic
theory of information processing the Cognitive Load Theory
[17] as a framework. In this theoretical approach, it is
assumed that the working memory has only a limited
capacity. Three types of cognitive loads influence its
information processing processes. The intrinsic cognitive
load (1) arises from the actual learning content respectively
from the number of information connections of a learning
task. The extraneous cognitive load (2) results from demands
outside a learning task and is caused, for example, by the
presentation of the learning material or by the teachers
themselves. This form of load is increased by unfavorable
instructional methods, e.g., by distracting information or
unnecessary complexity of a task. The germane cognitive
load (3) results from the development of new or the
extension of existing cognitive schemata which are stored in
the long-term memory. It is regarded as desirable, since new
information is built up or the basis for new skills is laid in
this context.

Generally, the theory of cognitive load can be applied to
any learning context (e.g., offline or online). To improve
learning, it is assumed that the intrinsic load should be
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optimized, supporting measures to promote introduction of
germane load and/or minimize extraneous load.

In the present study, we focused especially on the
individually adapted improvement of the learning situation
with regard to the intrinsic load and the associated extrinsic
load [8][10]. Therefore, the difficulty and design of tasks in
learning processes were to be planned and regulated in such
a way that many resources in the working memory could be
kept free for the germane cognitive load and therefore for
information processing. Utilizing these assumptions, we
designed an adaptive learning process in which learners with
low pre-knowledge or low learning performance received
much support and guidance when solving mathematical
learning tasks so that they were not overburdened by the
complexity of the new learning content and information. In
contrast, learners with a high level of pre-knowledge or high
learning performance received little help and guidance, as
superfluous support would disturb them and possibly even
impede learning (see the Expertise Reversal Effect [7, 9]).
Consequently, mathematical tasks were developed using
these learning designs. Each task contained the same
mathematical problem and learning goals, but differed in the
quantity and type of solution steps and provided different
levels of detail or assistance in the case of insufficient
performance.

Based on a model by Zimmermann et al. [18], we used
three resources to implement the adaptation. These served to
continuously measure the characteristics of the learners and
the current learning behavior (in the present context learning
performance), to compare the measurements with the desired
target values, and then, in case of discrepancies, to initiate
teaching reactions with the assistance mentioned above. As a
first source, results of pre-knowledge tests with which
students started their online course activities were used.
Depending on the result, the students automatically received
feedback on their current knowledge and their classification
in our system as "high" performer or "low" performer.
Accordingly, they received either detailed tasks with many
intermediate steps and much support when classified as low
performer or non-detailed tasks with little support for the
high performers (see also Figure 1). The second source of
adaptation was the solution behavior of the students. The
tasks were divided into individual steps or questions
depending on performance. When the student answered a
question, he immediately received corresponding feedback.
In the event of incorrect answers, the student received up to
three different types of assistance. The immediate feedback
and the corresponding solutions were meant to rapidly close
and/or avoid knowledge gaps. The third source of adaptation
could be found between the tasks. After each standard task, a
transfer task was recommended to the students in order to
work on the respective learning objective again. This
horizontal learning transfer was supposed to help to test and
to stabilize the knowledge. Transfer tasks were similar to
standard tasks. They dealt with a similar or slightly different
problems than the standard tasks and could be solved with
mathematical methods already learned. Depending on their
performance, low performers were recommended to perform
the detailed standard task again or a non-detailed transfer
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task, while high performers were suggested to perform either
the detailed standard task or a non-detailed transfer task.
Under certain circumstances, high performers may also have
received a suggestion to proceed to a new task set. In the
other cases, however, this only happened with good
performance in the transfer tasks. The various adaptive
learning paths are shown in an overview in Figure 1. For a
more detailed description of the learning system see [5].

assessment )

standard task

standard task
not detailed

detailed
very
high high high
transfer task transfer task
detailed not detailed
high high
—r@xt task@.—
Figure 1. Task Set for a Learning Goal
The entire adaptive system was Dbased on

recommendations. Students could follow them or decide not
to. Thus, the intention was that the students have to make
their own learning decisions, which in turn helped to assess
their own learning. The recommendations were guided by a
pre-defined set of rules. Defined threshold values for the
number of points achieved defined which task was
recommended next (see also Figure 1 and for more details
[5D-

The entire adaptive learning system was based on a
standard Learning Management System (Moodle) without
additional plugin. It worked with the conditions/restrictions
that were available in the core of Moodle (from version 3.3+
on). A specific advantage of this variant without plugin was
a guaranteed stability. Using plugins often lead to problems
and revisions due to possible compatibility problems
between core and plugin when updating.

B.  Current Findings and new Research Questions

In a first explorative analysis [5] of the adaptive concept
for a basic mathematics course, we focused on possible
performance improvements of students by investigating the
relationship between three variables: pre-knowledge (in other
words low performer and high performer), online activity
(log files), and learning progress. It turned out that students
working actively online in the adaptive course achieved
significantly better learning progress than the students who
did not. The learning progress was defined as the difference
between the results of the prior knowledge test, standardized
to 100, and the results of the final examination, also

Copyright (c) IARIA, 2019. ISBN: 978-1-61208-689-7

standardized to 100. The average learning progress of the
"inactive" students was 8.4, that of the "active" ones 32.4
(the difference is significant, verified by a t-test, p < 0.05).

In addition, the analysis showed that the active low
performers in an adaptive version of the course showed
significantly higher learning progress compared to all low
performers in a non-adaptive variant of the same course
(mean value of active low performer in the adaptive course:
49.2, mean value of all low performer non-adaptive course:
19.0; tested by a one-sided ANOVA with Tamhane post hoc
test, p=0.01).

A comparable result with a significant difference was
also found when comparing active high performer of the
adaptive course with all high performer of the non-adaptive
version (mean value of active high performer in the adaptive
course: 22.2, mean value of all high performer in the non-
adaptive course: -12.1, tested with a one-sided ANOVA with
Tambhane post hoc test, p = .01, see also [5]).

On the basis of these results, it could be assumed that the
adaptive teaching design, implemented in the learning
platform, facilitated the learning progress of active online
students compared to a non-adaptive design. However, the
analysis was limited in that it was not clear whether the
improved learning progress was only due to the increased
activity or to the enhancement of learning processes through
the optimization of cognitive load (assumption in our design)
by following the recommendations of the adaptive system.

In order to clarify this question and to continue the work,
we therefore formulated the following four research
questions for further investigation.

a. How do the students follow the recommendations?

b.  Which parameters best predict the following
subsequences (Logs) of the recommendations?

c.  Which groups follow the recommendations more?

d. How does following the recommendations affect
the learning behavior?

In order to be able to answer these questions, we need a
complete tracking of the online activities of the students as
well as information on the self-monitoring of the students of
their own learning activities. With the current work, we also
want to check which recommendations are more likely to be
accepted by students and which are not, and in this way
modify and improve the recommendation system if
necessary.

III.  WORK IN PROGRESS

A. Collecting Data

For further investigation and to answer the research
questions, we use self-declaration by the students by
evaluating their own mathematical knowledge (by asking
short questions at the beginning of the course and storing the
answers in the database of the learning platform) and also by
individual log files or entire sequences of log files with time
stamp. Each online action of a user is tracked and registered
in a database in the following form: Time stamp of the
action, personal identification of the user and event name.
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This creates sequences of log files that can indicate what the
user has done in what time. This also means that it is
possible to track which tasks (steps) were processed at which
time in which action sequence, trial amount and also results
(e.g., right/wrong). It is also possible to check on the basis of
the log file sequences whether the tasks were processed
according to the rule based recommendations (see Figure 1)
or whether the users performed other online actions in
between. In addition, it is also possible to estimate how much
time elapsed between the recommendations and the
subsequent actions.

With the above data, we will test and validate three
methodological assessment procedures to obtain an indicator
of "how students follow the recommendations":

1. In the first procedure, we consider only the next
entry in the database that follows the
recommendation. So, we check whether students go
directly to the next recommended task without
doing another online activity first. We assume that
the students who directly execute the system's
recommendations are less self-monitoring in their
own learning. The index is calculated as the
percentage of recommendations followed.

2. The second method is to look at a sequence of log
files after the student has received a
recommendation. This involves observing when
students follow recommendations and how much
online activity they perform before they follow a
recommendation [1][4][12]. We assume that these
students monitor their own learning behavior more
closely and accept a recommendation accordingly
or do not follow it after consideration. For this
purpose, we want to measure the average number of
logs until the student starts the recommended online
activity.

3. In the third procedure, as an alternative to the two
previous methods, we will use, for students who
followed a recommendation, the average time until
the student starts a corresponding online activity
after a recommendation as an index.

B. Data evaluation

For the first two procedures, we will test the predictive
validity and for the third method, we will check whether
integration of "time" as an additional parameter results in a
better predictive power.

With a focus on all above mentioned research questions,
we intend to combine the data resulting from the above-
mentioned methods with different groups of students. One
criterion for the differentiation of students is their self-
evaluated mathematical knowledge at the beginning of their
studies. It is then analyzed whether different evaluations
have an influence on the acceptance of the system's
recommendations. A further goal is to determine how
different prior knowledge (measured by the standard
mathematical test of the adaptive system) influences the
following of recommendations. The same relationships are
also explored for the frequency and type (self-monitoring) of
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online activities (recorded by logs) and learning performance
(progress and performance in the final test).

The results of the study should be available by the end of
2019 and published subsequently.
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