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Abstract

Computer Science is ever becoming a matter of grave concern in various aspects of everyday
life. One of the most important fields of Computer Science is Artificial Intelligence, widely
known as “AI”. Al refers to the intelligence added to machines mainly via smart programming
and engineering. In the area of Education, we can clearly notice the increasing penetration of
Computer Science and especially Al, which provides students with the framework to interact
with the learning environment and knowledge on its whole. Also, the huge data size needed to
be processed led to the use of NoSQL databases that have a lot more to offer than just
presenting solutions to scale problems. Moreover, Al tools are capable of improving
educational procedures in the form of chatbots that interact with the users via text or vocal
interfaces. In this proposed work we present a novel chatbot system for student service in
distance education using modern machine learning techniques. The training data was acquired
via a web scraping method out of student forums. A NoSQL database was used for the storage
and manipulation of our data. The proposed system is expected to be tested on a sample of
students to evaluate its functionality.

Keywords: Computer Science, Distance Education, Artificial Intelligence, Machine Learning,
NoSQL Databases, Chatbots.

1. Introduction

Education, being a vital part of every person’s life and simultaneously the basic mean
leading to the improvement of people’s living standard, is an excellent barometer that
indicates the progress degree of each society. Nowadays, the most popular form of
education is distance education. According to Keegan (1980), Holmberg, Loi, Peters,
and Moore gave the definition for distance education, portraying that it relates to
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miscellaneous modes of multilevel study not continuously supervised by teachers in
specific classrooms, but rather taking benefit of a tutorial organization planning and
guidance via electronic, mechanic or other devices. Artificial Intelligence is the sector
of Computer Science that contributes to the improvement of distance education as it
provides teachers and students with the framework to interact and form high-quality
studies. Al ideally provides chatbots which are actually computer programs that
mimic conversation with people (Wong, 2016). Chatbots are a novel technology
ranging their use in a varicoloured area from information retrieval and answering
questions, shopping as an assistant and in museums as a guide, to language learning
as a partner and in education (Shawar and Atwell, 2007). Their most popular use
being an irreplaceable tool facilitating the learning and practicing process in a
language, renders chatbots an excellent such choice. Since distance education has
improved, chatbots can also contribute by creating tailor made tests for every student
level and interacting with them. On the other hand, the absence of a teacher’s
presence as the main characteristic of distance education, creates the need to provide
students with services that fill them with confidence and ensure them that their
teacher’s assistance will be at hand, any time.

Many researchers have raised the issue of the use of chatbots in the field of education
by combining chatbot technology with machine learning algorithms, techniques and
methodologies, e-learning environments and generally educational applications and
services. In recent years, an AIML (Artificial Intelligence Markup Language) based
chatbot was developed to answer FAQs relevant to universities in a most accurate and
efficient way via 24/7 service to users interested in a specific university (Ranoliya et
al., 2017). Addressing this need, Robert Schmidt built the Yellow Circle learning
platform in 2014. This free online learning platform for cloud computing uses a text-
based Amazon chatbot with a voice-based chatbot to supply students with a unique
teaching environment; they receive personalized answers according to their
individually distinct teaching and learning style. Another impressive work is NLAST
(Natural Language Assistant For Students), an assistant for students using natural
language. NLAST refers to a chatbot that interacts with students providing them with
the ability to carry out several actions relevant to their studies using natural language
(Fonte et al., 2016). Research on the use of chatbots in education continues in the
same year when Carmen Holotescu built MoocBuddy. MoocBuddy is a chatbot for
Facebook Messenger that recommends MOOCs (Massive Open Online Courses) to
users, according to their social media profile and interests. In this way, users have an
interactive and friendly tool that helps them find the appropriate MOOC and related
to it information. Also, there is research on the use of educational chatbots for
visually impaired people that can utter a question in spoken natural language using
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Google Voice Search, find the answer and return the result as both text and voice
(Kumar et al., 2016).

Our research is primarily concentrated on the development of Edubot, a novel chatbot
system for student service in distance education. Edubot comes to empower students
of distance learning, granting them certainty that the received service is of high-
quality and most productive. It can be utilized by any distance learning university to
address students’ ever increasing needs effectually. The above-mentioned technology
is particularly significant for this type of education as it meets different requirements
of a large number of students, who might either be in a working schedule with but
limited time to study or maintain an irregular daily program. These restrictions call
for a handy tool that will provide continuous support on their study. The remainder of
the paper is organized as follows. Section II presents the definition of the problem
while Section III briefs about the preliminaries in particular artificial intelligence,
machine learning, NoSQL databases and distance learning. Section IV presents the
proposed chatbot model design. Finally, Section V presents our conclusions while
Section VI draws directions for future work.

2. The definition of the problem

Distance instruction is mainly characterized by the detachment between professor and
learner as mentioned above. Therefore, the main problem for distance learning
students is having to cope with a variety of problems without the instant help of their
professor. Let us bring forward a simple example of a working student who studies at
late hours. The scenario requires that this student face an assortment of difficulties
and is in need of immediate help from the professor. Unfortunately, these needs
cannot be met as the professor has specific, and many times strict, communicating
hours. In such cases, it is crucial for students to have an all-day support that our
proposed system will provide at any time. Thus, the obstacle of professor-student
dissociation can be tackled by a system that “understands” the student and provides
user-friendly answers.

All existing literature focuses on supporting online learning. The foremost difference
with our proposed system is that it harnesses the techniques and means of online
learning to support distance education, which is extremely difficult as distance
learning needs special instructive material and a distance learning institution has to
deploy all available mechanisms to support this type of education. Clarifying
instructions intended for students need to be present and professors are vital to be
specially trained so as to support distance education. All these factors provide a
framework, where the educative process must be continuously supported with the
conditions leading to the indispensability of a system like Edubot.
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3. Preliminaries

3.1 Artificial Intelligence

Artificial Intelligence, widely known as "AI", is a significant sector of Computer
Science referring to the intelligence added to machines mainly via smart
programming and engineering (McCarthy, 2007). It comprises the science of creating
computer systems that can understand their environment and react according to its
variables and the feedback they receive. Russell and Norvig (2016) define Al as “the
study of agents that receive percepts from the environment and perform actions”. A
function that maps percept sequences to specific actions is implemented by each
agent. The agents can have the roles of reactive agents, real-time planners or decision-
theoretic systems based on the different ways their functionality is represented.

3.2 Machine Learning

The definition of machine learning describes a computer sciences field starting from
pattern recognition study and computational learning theory and proceeding to
artificial intelligence. It declares the process of algorithm construction that can learn
and make predictions after the elaboration of data sets. The main idea is the
construction of a data-driven model that predicts and make choices according to the
input data and not in a static way. This model has the ability to be adjusted to each
situation prognosticating and deciding the following (Simon et al., 2016). The
machine learning processes can be interpreted by using paradigms of a pattern
recognition including identifying speech processes, human handwriting or
distinguishing images through computer procedures. Artificial intelligence tools are
capable of improving educational methods in the form of chatbots. These applications
are systems that interact with the users via text or vocal interfaces.

3.3 NoSQL Databases

The real meaning of this generic term NoSQL, is that this type of databases does not
follow the principles of the traditional relational databases. The data they are dealing
with is not relational, and they are superior to traditional databases which encounter
scalability and availability problems because of the data size. NoSQL defines a filter
to determine precisely the databases that fulfill the requirements mentioned before
(Vaish, 2013). Nowadays, it is stated that NoSQL databases have a lot more to
present than just offering solutions to scale problems.(Corbellini et al., 2017). Apache
Cassandra is an extensively scalable NoSQL database. Some of its characteristics are
the provision of availability which is continuous, its scalability which is linear and the
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simplicity in operating on multiple servers without any single point of failure
(Datastax, 2018).

3.4 Distance learning

Distance education is the scholastic process described by geographical distance, time
distance and even intellectual distance between professor-student or teacher-learner.
The main difference between traditional education and distance education is that
traditional education takes place in the same time and place, but distance education
can take place either in a different place and different time called asynchronous
distance learning, or different place and same time known as synchronous distance
learning (Simonson, Smaldino, & Zvacek, 2015). In both forms of distance learning,
synchronous and asynchronous, the educator advises, supports and encourages the
learner to achieve the goals of the learning process (Eumorfopoulou & Lionarakis,
2015).

DISTANCE EDUCATION

Separation
of Teacher
and Student

Institutionally
Based

Sharing of

Interactive
Telecomm-
unications

Data, Voice,
and Video
(Learning

Experiences)

Figure 1. The four components that define distance education (Simonson, Smaldino,
& Zvacek, 2015)

Figure 1 depicts the main components that comprise the definition of distance
learning. Notice that it is institutionally based, which differentiates it from self-study.
The second component is the actual distance that separates professors-students
referring not only to geographic terms but also to time. The intellectual separation of
teachers and students is also important and its reduction is of the main goals of each
distance education system. Observe that the interactive telecommunications refer to
the learners’ ability to interact with each other, with instructional resources and with
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their teachers. It is a very important component that must be available, commonplace
and relevant. Last but not least, the learning experience is consisted of all these means
and resources that are properly designed and organized in order to promote learning
through interaction, which is a pivotal objective of education (Simonson, Smaldino,
& Zvacek, 2015).

4. Implementation

4.1 Dataset Description

In the context of this project, a set of training data was constructed to perform the
experiments for a specific case study. The training data was acquired from the web,
and mainly from several student forums regarding universities that use distance
learning methods. The data was collected in multiple files by using a web scraping
method. It was also structured and formatted in input-output pairs to provide
examples for the training phase. A large number of files and the heterogeneity
between them led to the conclusion that they had to be preceded by an initialization,
be divided into small groups and then processed more efficiently (Kan, 2014). The
files were then grouped into different categories, whether they contained data about
educational or student service purposes. In the current development, we focused on
the application itself and not the data and their relational theories. The method of
modeling by query was used and led us to the creation of database tables, containing
all the needed data, giving the ability to make the required aggregations. Also, a table
containing only the data needed for our project was created, complying exactly with
Cassandra result oriented model and acting as a pre-built result set (Kan, 2014).

4.2 Model and System Description

Our proposed system is based on a single Ubuntu server running a single node
Cassandra cluster. The virtual machine was created using Oracle VirtualBox, which
allows the user to save a particular state in the form of a snapshot. By using the
snapshot features, a user can roll back the Virtual machine in a previous state in case
of a failure. The development tool Eclipse, which is commonly used for creating Java
applications is also installed. The system overview is illustrated in Figure 1, including
all major components and their implementation.
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Figure 2. The overview of the system

To test the system more efficiently, all the latest versions of the programs were
downloaded. The specific versions of the applications are shown in Table 1.

Table 1. Installed programs and versions

Application Version
Ubuntu Server 16.04.3
Java Virtual Machine 8
Apache Cassandra 3.11.1

For a robust chatbot platform, we need to separate data into comments and replies.
The comment is the input, and the reply is the output. One main problem that
occurred is the difficulty of scraping web forums. First of all, some comments may
have no replies and also a comment may be reiterated in different threads and so a
mechanism must convert these comments into one, the most representative. Also,
some threads may be very old and the replies deferred. Of course, in student forums,
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not all comments have at least one reply. We can even encounter cases where
comments have many replies, and therefore we have to opt for a single reply. Also,
not all replies are correct, and we should take into account the upvoted ones which are
marked as appropriate by other users. If the forum doesn’t provide a voting system,
we can iterate the scraped file many times to find more appropriate replies in other
parts of the data. In Figure 3 and 4 below, we can see the web crawling process and
the scraping method diagrams that depict the flow of the data and the processes.
Finally, not all forums have the same structure which makes it difficult to analyze the
required data to make the comment-reply pairs.

il
-

List of WD

v
Crawler Get new links
Processing one link per time and add to the List
l 3

Yes

Is there any
unprocessed link?
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Figure 3. The web crawling process
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Figure 5 below shows the processes and the interaction of Edubot with the student.
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Figure 5. The Edubot flowchart

5. Conclusions

Artificial Intelligence tools like chatbots are already very popular for web
applications and scientific intelligent systems. Some other possible applications in the
academic section could be the digital indexing of teaching material, and direct
feedback on newly available teaching material. An intelligent calendar could also be a
useful application. In this paper, we have proposed a model for an interactive chatbot
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for universities in a distance learning environment. Intelligent automation is needed in
administration and teaching activities throughout the university structure. The results
of implementing these applications could be the enhancement of productivity,
increase in the reputation of the university, and improved quality of service. The
reduction of costs could also lead to the reduction of tuition fees. Of course, in such
situation some risks can occur, so the right tool should be previously identified and
accepted first by all faculty, staff, and then by students. The upgradability and
interoperability should be taken into account, and of course, there should be ways to
manage such autonomous systems dependently. The existing administration should
always use a step by step approach. The aim of this paper was to investigate the
potential of the development of an educational chatbot providing high-quality
services to students and professional development of the faculty and staff. In distance
education, the need for continuous support is vital as its processes that concerns
students does not happen in a specific place and time. It depends on each student’s
program and way of living. Edubot can easily cover this need.

6. Future Work

In such an innovative area of educational chatbots, there is a lot of possible future
research to suggest. First of all, we should consider the criteria that define the proper
implementation of a chatbot and more particularly its role as a tutor, a student helper,
or a front office gateway. An extended examination can be carried out to determine if
a chatbot can become a proper pedagogical gateway or a substitute for student
services office. It is known that every university providing distance education studies
operate in a different way to provide quality services to the students. This indicates
that each case will also need a separate chatbot system to provide the required
services and the diversity of the artificial technologies should be further researched.
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Iepiinyn

H Emotun tov YToAoylotdv eVEOUOTMOVETOL OLO Kol TEPIGGOTEPO GE JAPOPES TTVYES TNG
kafnuepvig pog {ong. 'Eva and ta mo onuavtikd nedia g Emomung tov Yroloyiotmv
gtvar n Teyvmt] Nonpoovvn, gvpéwg yvaot| o¢ "TN". H TN avaeépetal omnv guguio mov
mpootTifeTal oTIg UNYavES Kupimg HEGMm TOL EEVTVOL TPOYPOUUATIGHOD KOl TNG UNYOVIKNG.
Ytov topéa ¢ Exmaidevong, WUmopovpe vo TopaTnpriGOVLE HE GOENVELD TNV oEOVOLEVT
dteiodvon ¢ Emotung tov Ynoloyiotdv kot gditkotepa ¢ TN, 1 omoio mapéyel oToug
QOITNTEG TO TANICI0 OAANAETIOpOoNG e TO HaONGLoKO TEPIPAALOV KOt TN YVAOOT 6TO GOVOAD
mg. Emiong, o tepdotiog 6ykog dedopévav mov amarteiton yuo emelepyocio, 00 ynoe otn
xpnon tov Baoewv dedopévav Tomov NoSQL mov £yovv TOAAL TEPIGTOTEPA VAL TPOGPEPOLY
Omd TNV OMAN] TOPOLCINCT, ADCE®V O MEPIMIMOES HeyOAwv dedopévev. EmmAiéov, ta
epyorein TN oOmwg eivor ov €€umvor Ponboi cvTOHOTOTOMUEVNC YPORTNG EMKOWVMVIOG
(chatbots) givar wavd va BEATIOGOVY TIC EKTOLOEVLTIKEG SLAdIKOGIES HEGM TG AAANAETIOpaoNG
LLE TOVG YPNOTEG LE XPTOT KEWEVOL 1] POVITIKMV EVIOAMV. X€ QLT TNV £pyocio mpoTeivovue
£€V0 KOWVOTOLO GUCTIILO OV TOPEYEL VINPECIES GE POLTNTES TOV GUUUETEXOVV GE EKTALdELON
€€’ ATOOTACEMG YPNOLUOTOIDOVTIOG CUYYPOVES TEXVIKES unyavikng udbnong. Ta ototyeio g
EKTTOUOEVLONC TOV GVOTAATOC avTANONKoY pécw oG peboddov avaktmong dedopévav (web
scraping) omd @ortnTikd 16toAdy1e. Mia Bdon dedopévav tumov NoSQL ypnoponomdnke yuo
v omoBnkevomn kot tn dayeipton tv dedopévav pag. To TPOTEWVOUEVO GUGTIILO OVOUEVETOL
va a&loloynOei n AeltovpykdTTA TOV.

Aéag Khewwa: Emomun tov Ymoroyiotdv, EE’ Amooctdoemg Exmaidevon, Teyvnt
Nonpocvvn, Mnyavikn Mébnomn, NoSQL Bdoeig Aedopévav, Chatbots
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