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Abstract

The dramatic improvement of information and communication technology
(ICT) has made an evolution in learning management systems (LMS). The
rapid growth in LMSs has caused users to demand more advanced, auto-
mated, and intelligent services. This paper discusses how Artificial Intelli-
gence and Machine Learning techniques are adopted to fulfill users’ needs in
a social learning management system named “CourseNetworking”. The paper
explains how machine learning contributed to developing an intelligent agent
called “Rumi” as a personal assistant in CourseNetworking platform to add
personalization, gamification, and more dynamics to the system. This paper
aims to introduce machine learning to traditional learning platforms and
guide the developers working in LMS field to benefit from advanced technol-
ogies in learning platforms by offering customized services.

Keywords
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1. Introduction

During the past decade, Information and Communication Technology (ICT) has
grown into our day-to-day lives. ICT has made a huge paradigm shift in global
interactions and educational practices [1]. The dramatic improvement of infor-
mation and communication technology (ICT) has shaped new concepts and struc-

tures for education and methods of course delivery to the point that it has led to
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the development of “Learning Management Systems”.

A learning Management System is a software application or web-authoring
system which has become a powerful tool for conducting an e-learning environ-
ment [2]. LMSs are defined as online learning technologies for the creation, man-
agement, and delivery of course material [3] [4].

LMS includes various criteria from course management systems and content
management systems to instructional management systems [5]. LMSs exceed tra-
ditional schooling to the point that they provide functionalities beyond instruc-
tional content such as management tracking, personalized instruction, and inte-
gration across the system [6].

LMSs have been developed from course systems that were originally intro-
duced in the late 1990s and evolved to make a modern school experience [7]. They
are now playing a significant part in enriching and facilitating learning all around
the world, especially after the Covid-19 pandemic when the on-campus learning
experience was no longer an option. The learning management systems lost
prominence in recent years because they were considered by certain institutions
as simple repositories [8]. But Covid-19 pandemic changed this vision completely
and LMSs got more attention as a medium that allows students and teachers to
maintain interaction with their academic institutions [8].

When LMSs first emerged, vendors had many opportunities to offer various
services and features to satisfy users and define a basic structure for learning
management systems. After the release of the first versions, users started getting
smarter about their needs which elevated their expectations from LMSs. The
change in demand led to the second phase of evolution in learning management
systems [9].

LMSs have evolved a lot during the past few years. As online platforms evolved
and with technology growing into our daily lives, people become more aware of
their expectations from learning platforms and personalization became one of
the most significant needs of users. Personalization can be defined as a process
that changes the functionality, interface, information access, content, or distinc-
tiveness of a system to increase its relevance to an individual or a category of in-
dividuals [10].

To meet the elevating user expectations, learning platforms must develop and
transform continuously. This would not happen without the help of advanced
technologies and techniques. One of the widely adopted technologies to achieve
improvement in every domain is Artificial Intelligence (AI). Artificial intelli-
gence is the intelligence demonstrated by machines instead of the human brain
[11]. An Artificial Intelligence (AI) program is called Intelligent Agent. An Intel-
ligent agent can perceive its environment and is capable of taking flexible actions
that maximize the chance of reaching its goals and meeting the objectives [11]
[12].

Intelligent agents are a new paradigm for developing software applications.

Agent-based computing has been considered the next significant breakthrough
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in software development [13], and the new revolution in software [12] [14]. To
make this breakthrough, intelligent agents must be responsive, proactive, and
most importantly, social [12]. Intelligent agents have made great changes in a
variety of fields like virtual assistants helping customer support, electronic mail
filtering agents helping information management, patient monitoring agents
improving health care systems, etc.

An integral part of an intelligent agent is learning. To fulfill the learning process,
machine learning is used to develop intelligent agents. Machine learning is de-
fined as a field of study that gives computers the ability to learn without being
explicitly programmed [15]. It is one of today’s most rapidly growing technical
areas, lying at the intersection of computer science and statistics, and the core of
artificial intelligence [16]. Machine learning describes a set of techniques that are
commonly used to solve a variety of real-world problems [17]. Machine learning
has several applications from pattern recognition [18] to signal prediction [19].

CourseNetworking is a learning management system introducing Artificial
Intelligence and machine learning techniques to learning platforms. It gives a
personalized learning experience with a taste of entertainment to the users by an
intelligent agent named “Rumi”. CourseNetworkig exceeds traditional platforms
which could not offer customized content and personalized services to the users.

Rumi is designed to be a social personal assistant, a cool friend, and a caring
buddy to all learners on CourseNetworking. Rumi increases engagement, adds
more productivity to the systems using machine learning techniques, facilitates
the learning process for students and lessens teaching milestones for teachers.

This paper argues how machine learning can be adopted by learning man-
agement systems to provide a better learning experience to the users. We first
introduce CourseNetworking and Rumi, then we explain how we employed

machine learning to design a more personalized learning platform.

2. Introducing Course Networking

CourseNetworking' or CN is a next-generation Learning Management System
(LMS) [20] with its foundation in academic social networking and sociocultural
learning theory [21]. During the past decade, with Social Networking Sites (SNSs)
gaining popularity, platforms like Facebook, Twitter, Yammer, and other similar
platforms have been widely used for learning in higher education [22] [23] [24]
[25]. Many studies found that SNSs can effectively enhance communication [26]
[27], collaboration [28], community-building [29] [30], and engagement [22] [31].
However, public SNSs raise questions about student privacy [32] [33] and dis-
tractions when a platform also serves other purposes [34] [35]. Designed as an
academic networking platform, CN came in to solve these problems. The soci-
ocultural nature of CN also addresses several challenges that traditional LMSs
face, including the issues with deriving learning motivation, engagement, and
retention [36] [37]. CN is a combination of SNS and LMS, drawing the strengths

thttps://www.thecn.com.
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from both types of platforms. As mentioned in the CN White Paper [38], CN
not only supports course management but also connects learners and courses for
new learning opportunities.

The mission of CN is to change the way the world learns through social, en-
gaging, and global learning. In order to accomplish this goal, CN supports a se-
ries of unique features, such as posting and reflection, personalized networking
tools, gamified reward systems (called “Anar Seeds”), digital badges and certifi-
cates, global classrooms, and a lifelong social ePortfolio. In order for the plat-
form to serve global users and scale, it is hosted in the cloud through Amazon
Web Services (AWS) and built upon a NoSQL data structure.

The CN platform was first launched in 2012 with seed funding from Indiana
University. It was then developed, studied, and commercialized at IUPUI Cy-
berLab? a university-affiliated educational technology laboratory with over three
decades of experience in eLearning research and development. As of summer
2022, CN has over two million users from over 160 countries. The user popula-
tion ranges from high school, college students, to professionals, with the majori-
ty in higher education. Individual users around the world can visit thecn.com to
sign up for a free CN account, create their free personal courses, and build a li-
felong ePortfolio. Educational institutions and training organizations may li-
cense CN to access advanced features and services. As of today, faculty and
scholars have documented the effectiveness of CN in engaging students, com-
munity building, and student success [39] [40] [41] [42].

Figure 1 is a screenshot of the homepage of a CN user. Rumi, the intelligent
personal assistant, pops open from the top of the page introducing himself. Un-
der that is the main page that contains a courses menu on the left and a post feed
on the right. In the post feed, users can use their Networks and Communities to
filter posts and network with like-minded others. They can also make posts to
these Networks and Communities and comment on others’ posts. To post to a
course and participate in course learning activities, they will need to enter a
course from the left menu that will take them to the LMS portion of the CN.

3. Intelligent Agent Rumi

CN started as a social LMS in 2012. Since then, additional features and services
were developed each year to enrich and strengthen the CN environment. In
2015, CN Post® was released as a Learning Tool Interoperability (LTI) plug-in to
complement traditional LMSs with social learning and gamification. In 2017, the
CN life-long ePortfolio* became available for every CN user to build and main-
tain their online personal branding [43]. In 2022, the CN Zoom App’ was
launched to give Zoom users a seamless LMS experience during and after Zoom

meetings. Within each of these products, Rumi, a digital personal assistant,

*https://cyberlab.iupui.edu.
*https://www.thecn.com/cn-1ti.

“https://www.thecn.com/eportfolio.
Shttps://marketplace.zoom.us/apps/6U53]8W9SHi9jcuBloxqQw.
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About Me x

Hi Mengyuan!
Allow me to introduce myself.
My name is Rumi. | am your digital assistant created by a team of researchers at the IUPUI CyberLab and the CN.

I am programmed to think and behave like a human being. My creators are using Al and Machine Learning to help
you with your academic, networking, and job needs.

I'am a male in my mid-thirties who is friendly, caring, smart, and cool. My creators named me after Jalal ad-Din
Muhammad Rami known as Rumi, a 13th-century Iranian poet and Sufi mystic.

I am deeply integrated with the CN tools. You see me at the top of the page across CN. | will inform you about
important services and learn from your interactions on the platform. After you have had a chance to use every
Rumi service once, you will be able to choose which services you prefer to see in the future.

You can help me be useful by providing feedback and ideas to my creators. You can directly communicate with
@AJ10, my conceptual architect and the Rumi Project Lead, as well as @CM10, who is the lead Product Designer
for this project.

See you soon Mengyuan

Networks and Communities: ~

@ CyberLab@IUPUI W Indiana University  '® Rumi Testers and Collaborators Netw...

P15 @MZ13 InstructionalDesign 2,83 OnlineLearning 2,67 LMS 2)23 Research 2,796
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MachineLearning 2133 GoogleCloud More...
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+ Join Communities # Edit
w CN Offerings A

& Home Feed Settings|

Stress Management in Cus...
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Intro to CN ePortfolio (for i... [ﬁ Post ‘J Poll @ Event Show: All Posts -

@ Resources site for user sup...

wfiii 8 Leadership Lessons from... 0 Write a post here and share with your Network and interest communities.

@ Rumi Testers and Collabora...

@ CyberLab@IUPUI

CyberLab@IUPUI
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Figure 1. CN homepage.

Vanessa Saerang - CN Member
@ Aug 02, 2022 at 3:30pm

A

Research  Excel MicrosoftWordAndExcel MicrosoftExcel DataCollection

Lined addad o naur chaumsaca ta s aDArfalia Van can i thie chaurmaca Aar andaren ¢

delivers recommendations and reminders to provide personalized learning to
individual CN users.

Rumi was launched to CN end users in October 2020 after several years of re-
search and development at IUPUI CyberLab. As a digital personal assistant,
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Rumi is powered by Artificial Intelligence (AI) and machine learning algo-
rithms. It offers a series of services to end users, such as announcements, com-
munity and connection recommendations, learning and teaching tips, and oth-
ers. IUPUI CyberLab team has been continuously refining existing algorithms
and adding new services to Rumi.

Rumi was launched within CN, which makes CN among one of the first LMSs
and ePortfolio platforms that provide AI and machine learning integrated ser-
vices. In fact, Rumi is designed to be potentially employed by any learning plat-
form. It could be developed as an LTI plug-in later to be integrated within open
source LMSs such as Moodle and Sakai or within commercial LMSs and ePortfo-
lio systems.

The concept of Rumi was first introduced in [44]. This paper suggests that
multiple intelligent agents perform teaching and learning tasks on behalf of
teachers and learners. These intelligent agents may perform as a teaching assis-
tant, a tutor, or a secretary. They can communicate with end users through a
combination of text, graphics, speech, and facial expression, and voice recogni-
tion.

Based on history, Rumi was a famous 13th-century Persian sage and poet who
represented knowledge and wisdom. To bring the intelligent agent emotionally
closer to end users, we designed the persona of our Rumi as an intelligent and
modern-looking male in his mid 30’s. He plays the roles of a digital mentor,
personal teaching assistant, career advisor, caring classmate, and cool friend.
Figure 2 illustrates Rumi’s face which may appear happy, neutral, or sad de-

pending on the messages he delivers.

4. Rumi, Personalization, and Machine Learning

Nowadays, every research and development task has an element of artificial in-
telligence. One of the most important subsets of Al is machine learning. Ma-
chine learning is now making a significant contribution to all areas more than
ever and it has enhanced the success pace in each of them from detecting Alz-
heimer’s disease in medical fields [45] to self-driving cars [25]. Learning man-
agement systems (LMS) are no exception. Employing machine learning in LMS
can make a great paradigm shift and start a new age in the LMS area by fulfilling
users’ elevated expectations.

&

&

Figure 2. Rumi with happy, neutral, and sad face.
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One of the newly shaped user expectations is personalization. Personalization
is becoming the primary success factor in every domain, especially social media.
Advances in technology have made users demand to receive more personalized
experiences which has made personalization more important than ever. Perso-
nalized content saves time for users by providing relevant content and appears
to be designed for each user individually. Personalized content captures user
preferences and interests. It improves the user experience and enhances user
loyalty by offering value to them. As personalization becomes more of an ex-
pected norm across all types of online platforms and services each year [46],
numerous companies are taking advantage of interactive technology to perso-
nalize their interactions with users [47].

Personalization is one of the most outstanding factors in increasing engage-
ment, especially in Learning Management Systems. Utilizing a personalized
learning platform equips students, teachers, and all other users with an advanced
tool to spur engagement and receive relevant messages and content.

The integration of personalization in various products turned rapidly from an
unnecessary luxury to a commodity that is expected by customers [46]. The ex-
pectation made all companies adopt personalization so they would not fall be-
hind the curve. Personalization is employed in CourseNetworking as the prima-
ry objective of the intelligent agent “Rumi” to meet elevated user expectations. It
must be mentioned that personalization is not the only goal of Rumi. Rumi of-
fers other services with different objectives too.

Personalization agents can be used in different ways. One of them is agents
used as advice-giving systems to provide recommendations to each individual
and another is the agents generating personalized content based on the user’s
profile [47]. Rumi delivers personalized experiences in two ways, first by offering
customized announcements and messages to the user, and second by consider-
ing user preferences while making any recommendations. This is where machine
learning and AI come into the picture. Personalization is one of the key applica-
tions in machine learning with widespread usage in various industries [46]. Ma-
chine Learning offers a set of different techniques allowing one-to-one persona-
lization.

Machine learning algorithms use statistical and probabilistic approaches to
analyze datasets to find trends. Finding these trends helps the algorithms learn
the preferences and interests of the users and recommend contents, tips, con-
nections, etc. based on their interests.

Rumi is developed to be user-centered by benefitting from several machine
learning algorithms. Rumi uses the users’ information to get to know the user
better. The algorithm behind each personalized service requires different set of
data to work on. Some services need the profile information such as institution
and major while another service needs users posts and shared content. Each ser-
vice uses different type of machine learning technique based on its goal. The al-
gorithms get the relevant data as input, process the data and learn the prefe-
rences, then they make recommendations by using mathematical approaches.
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More details about Rumi services are further explained in Section 6.

5. Rumi Services

In this section, we briefly explain what services machine learning integration can
bring into learning management systems and how machine learning techniques
can help eLearning platforms. Each of these services is explained below to briefly
explain what services can be added to LMSs if they adopt machine learning and
to show how artificial intelligence can contribute to developing new services in a

learning platform.

5.1. Announcements

Rumi announcements send critical updates and information to end users, such
as upcoming system maintenance, important campus events, and school sche-
dule updates. Figure 3 is an example of Rumi announcements. Since Rumi an-
nouncements appear on the very top of each page, they are hard to miss. In ad-
dition, Rumi announcements are given the highest priority over all other servic-
es. This means when there is a new announcement, it will show up as the first
message when the user visits the site. Both CN admins and institution admins
have permission to create Rumi announcements. While creating an announce-
ment, admins can specify its importance level. CN admin announcements are
given higher priority over institution admin announcements, and announce-
ments labeled with a higher importance level appear prior to announcements

with a lower importance level.

5.2. Tips

Tips feature is a core service of Rumi. It gives users, both students, and instruc-
tors, individualized advice about CN features, learning and teaching practices,
and resources. Currently, these tips are created by the CN team. They can be
added, revised, or removed anytime. An example of a CN feature tip is that if a
learner has edited their ePortfolio but never created a showcase, Rumi will show
up introducing the showcase feature and providing a tutorial for the user to fol-
low to create a showcase.

Right now, CN feature-related suggestions are the primary type of tips. How-
ever, the value and potential of tips about learning and teaching practices and

resources are enormous. Some examples of learning practice tips are preparing

Important Announcement (1/1) »oox
gz .
uy Mid-term Exam
Due to the severe weather, tomorrow's exam will be carried out online. Please follow the detailed instructions from
Rumi A your course instructors and make sure you have access to stable internet and a computer.

Personal Assistant

Figure 3. Rumi posting customized announcements to users.
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Tips

for upcoming exams, beginning working on major assignments early before due
dates, participating in social discussions with peers, and completing missed
learning tasks. Some examples of teaching practice tips are grading missed as-
signment submissions, setting up social learning netiquette, and creating starter
posts to warm up the course environment. When it comes to giving suggestions
on learning and teaching resources, the tips may recommend Open Education
Resources (OER) to students and instructors relevant to the course subjects.
Through AI algorithms, Rumi’s tips present two characteristics: individualized
and helpful. This means that tips delivered to end users are specifically targeted
to their needs. The following mechanics are implemented to ensure relevancy
and helpfulness of tips to each CN user. First, Rumi looks into user usage data.
An example would be if the system’s data shows that a user has not used a help-
ful feature, Rumi will provide a tip about that feature. Second, Rumi leverages
keyword tagging to recommend relevant resources. CN supports hashtags in
various places, even in assignments, quizzes, and gradebook. If a student receives
a low score on an assignment tagged #CellStructure, Rumi will introduce addi-
tional materials about cell structure to the student to learn more about the topic.
Third, the priority engine pushes out the most critical tips first, ensuring the
helpfulness of the tips. When there are multiple relevant tips to suggest, the ones
with a higher assigned priority level will show up first. Last, Rumi takes feedback
from users to continuously improve the quality of his recommendations. If a us-
er reports that they already know a tip, the tip will stop showing up to the user.

An example of Rumi providing a tip to the user is shown below in Figure 4.

5.3. Community Recommendationé

CourseNetworking offers a network where users with similar interests can be
grouped in a “community”. A community in CN is defined as a group of people
sharing similar interests. Users can interact in these groups through sharing
posts, polls, comments, or any documents and photos. They can also rate and
react to posts and events to maintain the dynamics of social interaction on CN.
A community can be created by each user if it is not created before. This feature

allows users to make communities around any topic that they are interested in

M ox

Hi Mengyuan!

Your course Anar (Pomegranate) Seeds is shown at the top of the course page. Click the Anar icon to find out the

Rumi BETA rules for accumulating seeds in this class. On the Roster/Members page, you can find more Anar Seeds details
and additional participation data on your own entry.

Personal Assistant

| Already Know

Figure 4. Rumi giving tips to the user.

The section is a summary of a study [48] by Emad Rahmaniazad while working as a graduate stu-
dent at IUPUI CyberLab.
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Rumi sem
Personal Assistant

which is one of the great characteristics of CN. If the community already exists,
any interested user can join it since all communities are publicly available on
CN.

Communities get their names from the common interest of their members. It
can be a skill, a major, an institution, an event, a location, etc. A tag with the
community’s name would be added to the top of the user’s home feed when they
create or join a community as shown in Figure 5. Users can filter their home
feed content by clicking on the community tag they desire. By doing so, they can
check out the content related to the community tag they clicked on. For in-
stance, a user interested in “python” can create or join the “python” community
and a tag with the name “python” would appear on their home feed. The user
can access the content on the python community by clicking on its tag on the
home feed.

Communities make a great opportunity for CN users to communicate, dis-
cover and socialize. Analyzing CN data revealed the fact that a significant por-
tion of users has neither created nor joined a community. Also, the majority of
the communities have very few members. To address this issue, the Community
Recommendation service is offered by Rumi as shown in Figure 6. Rumi con-
nects people as an intelligent agent and makes them more engaged. The more
engaged users are, the more productive the social network is.

To encourage users to join a community, recommendations must be asso-
ciated with their taste, personality, major, skill set, etc. Machine learning tech-
niques are employed to find the most suitable communities for each user to

recommend.
Networks and Communities: A~
T Rumi Testers and Collaborators Netw... G CyberLab@IUPUI
ComputerEnginnering 28 Python 2\388 Tableau 2,37 Mathematics 2h999
ArenaSimulationSoftware Programming 2,767 ElectricalEngineering 2,306 Coding 2,175
MachineLearning 2,133 RecommenderSystems 2,2 ElectricalComputerEngineering 245

MATLAB 2133 PythonProgramming 2104 MicrosoftApplications 2175

Problem-Solving 2,36 More...

4+ Join Communities # Edit

#¥ Home Feed Settings

Figure 5. Communities joined or created by the user, on top of the home feed.

Community Recommendations o ox

Select the communities you would like to join!

CProgramming DataAnalysis MySQL MatLab

MongoDB AndroidAppDevelopment >

Figure 6. Rumi recommends communities to the users based on their interests.
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To achieve this purpose, a modified version of item-to-item CF [49] called
Neighboring Collaborative Filtering (NCF) is adopted and improved by utilizing
a feedback structure. The name is derived from the general idea, which selects
popular tags among the user’s neighbors as community recommendations. The
neighbors of a target user are accounts that are related to that user in some way.
Sharing various features can cause two users to be related including similar
skills, location, field of study, organization, etc. Out of all these factors, the most
influential ones including the field of study, previously joined communities, and
social engagement are selected to define whether two individual users are consi-

dered neighbors.

5.4. Quote Competition?’

CN users can add a tagline to their profile’s bio section. It can be a motivating
sentence or a quote from a famous person. Quote Competition is a service of-
fered by Rumi based on the users’ tagline, promoting gamification and adding a
taste of entertainment to the platform. The competition is as follows: a pair of
two quotes are shown to each user so they can choose the one they like more. If
the user likes none of the quotes, they can request to get a new pair of quotes to
vote. Each quote corresponds to a tagline that users submitted on CN. This ser-
vice is shown in Figure 7.

During each round, Rumi picks a pair of quotes for each user from a pool
consisting of all user-submitted taglines on CN except the user’s own tagline,
quotes that were shown to that user before, and eliminated quotes. Rumi has a
specific instruction to choose two quotes from the pool. The first quote is the
one in the pool which is shown to users by Rumi less than others. The one that
has the closest win rate (score/views) to the first quote is picked as the second
quote that must compete with the first one. Users can check out quotes’ rankings
and their own tagline rank by viewing a table called “Leaderboard”.

A score is assigned to each quote as a metric used for comparison among mul-

tiple quotes. Users preferring one quote to another, increments the winning

Quote Competition M x
——] ! & Skip this pai
. Select the best quote! & Skip this pair
=]
Ruml ' ‘ Epaphrodis Tuyisunge ’ Deon Yeo

Personal Assistant

% Fverything's done on Time work Hard s % Simplicity is undervalued v

View Leaderboard

Figure 7. Quote competition service offered by Rumi.

"The section is a summary of a study [50] by Amirreza Salamat while working as a graduate student
at ITUPUI CyberLab.
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quote’s score by one, while the other quote will have its score decremented by
one. At the same time, the view counts of both quotes are incremented by one as
they are both viewed by the user. Thus, if a user skips the first pair and opts for a
new pair of quotes, the scores will remain unchanged, but the view count will
increment by one for both quotes.

A new metric called win rate is calculated using score and view counts. The
quotes with loss counts exceeding a certain threshold will be pulled out of the
available quotes pool and eliminated from the competition. This group of quotes
is referred to as eliminated quotes.

As the game progresses, more quotes are pulled out and fewer ones remain.
The process goes on until only 50 quotes remain in the competition.

Rumi stores user feedback in the competition and finds the quotes that users
like the most by ranking them based on the votes each receives from users. The
ranking process takes place based on an ELO rating system [51]. Interaction
records can be used as the label for training a neural network to reach a better

understanding of the quote types each user prefers.

5.5. Connection Recommendation

Friend recommendation in social networks has been widely studied in recent
years, which mainly focuses on social relationships and user interests [52]. Fa-
cebook, Twitter, Instagram, and many other social platforms offer friend rec-
ommendations to users using machine learning algorithms.

Rumi recommends friends to the users on CN as a service named “Connec-
tion Recommendation”. The service helps users get linked to each other and find
new friends, connect to their classmates, get to know other students at their
university, etc.

There are several factors to consider while choosing the right user to recom-
mend to another one, including field of study, job position, age, nationality,
language, gender, etc. However, some of these factors are more important than
others, and they vary from one platform to another.

CN is a learning environment. Users use CN to learn, communicate, improve
their skills, or share their achievements. This purpose helps narrow down the
factors to consider for friend recommendations. Based on this purpose, the most
important aspects of an ePortfolio for making a connection are determined by
the ITUPUT CyberLab team including skills, institution, location, etc.

To make more relevant recommendations, Rumi applies some rules in addi-
tion to filtering ePortfolios. As an example, Rumi does not recommend a user to
another unless they have at least one mutual skill in their ePortfolio. Rumi does
not recommend users whose ePortfolio is not visible to the other user. Also, us-
ers without profile pictures or bio are removed from Rumi’s recommendation
pool since they do not provide enough information to the other user to decide
whether they want to make a connection or not.

Rumi then sorts recommendations based on the user activity, Premium mem-
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interested in.

Rumi =7 Skills
Personal Assistant )
Skills
Location

bership status, last activity date, etc. Users who are more active on CN get more
chances to be reached by other users using the connection recommendation ser-
vice.

Other than recommending similar users, Rumi is capable of considering user
preferences determined directly by the user himself (Figure 8). To put in other
words, users can set preferences other than their permanent interests to get con-
nection recommendations. This feature is designed for the users who want to
connect to the users with specific features in their ePortfolio. Assume a physics
student using Rumi. Typically, she gets users majoring in physics as connection
recommendations. But then there is a time when she needs help with a task in
her programming course. She wants to get connected to someone majoring in
computer engineering to ask for help. Rumi allows her to set new preferences for
connection recommendation service to get a new set of recommendations.

Users can decide whether to connect to a recommended user using a follow
button or skip the recommendation (Figure 9). Rumi receives the feedback and
learns users’ permanent preferences based on that. The feedback helps Rumi make

more relevant future recommendations.

Connection Recommendations M x

To help you find relevant connections, | need to know a few things about the connections that you are currently

Country/Region

Please Select One -

State/Province

Enter State/Province

City

Enter City

School

School

Role

Role

Only include Verified Accounts in my Connection Recommendations

Restore Default Settings

Figure 8. Users can change default preferences on the connection recommendation service.
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Rumi =7

Personal Assistant 51 Emad Rahmaniazad m

Connection Recommendations Preferences MM X

Behafarid, | found some connections for you. You may want to follow them.

) Amirreza Salamat m

|||@“B

W PURDUE UNIVERSITY W weul

0 In California, United States 9 In Indiana, United States >
ﬁ 0 mutual connection E’ 0 mutual connection

Q MachineLearning, Artificial... +6 Skills Q Python, Engineering +22 Skills

Figure 9. Connection recommendation service offered by Rumi.

5.6. Hashtag Recommendation

With the growth of blogging services, millions of posts are being generated on
various platforms each second. Access to a large amount of content arises the
need for an efficient way of filtering and categorizing the data. On social net-
works and microblogging services, users usually use hashtags, types of labels, or
metadata tags, to make it easier to find messages with a specific theme or content
[53].

Users on CN can create and share posts containing texts, documents, images,
etc. They have access to all public posts, and they can view private posts shared
with them on their home feed. This large amount of data makes users confused
while looking for content they are interested in. Hashtags are innovative tools
that become handy to overcome this challenge. They help to classify messages,
improve searchability, and allow the organization to link messages to existing
knowledge and action communities [54].

Not all users add a hashtag to the posts they share on CN. The reason behind
this issue varies from being unaware of the hashtag concept to a lack of time to
add proper hashtags to the content. As a personal assistant, Rumi takes the re-
sponsibility to suggest related hashtags to label the users’ posts. Rumi provides
users with a list of possible hashtags before they finalize and submit their posts.
Users can review the recommended hashtags and choose none or multiple ones
from Rumi’s recommendation list to label their content. With these hashtags,
users can easily search and manage their historical posts and track others’ posts
[55].

Rumi is under development to recommend related hashtags to the content
users create using a pop-up window containing a list of recommended hashtags.
To do so, keyword extraction methods and hashtag recommendation algorithms
in machine learning are compared for performance evaluation on CN content.

Unsupervised keyword extraction algorithms including SIFRank [56], Sent2Vec
EmbedRank [57], Doc2Vec EmbedRank [57], KeyGames [58], Joint Modeling
[59], KeyBert [60], Yake [61], Rake [62], etc. are implemented on user posts, and

the performance is measured using Precision, Recall, and F1Score.
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Moreover, topic models including Latent Semantic Analysis (LSA) [63] and
Latent Dirichlet Allocation (LDA) [64] are also employed to evaluate well-known
hashtag recommendation methods on CN data. Results and implementation

steps would be discussed in future works.

6. Conclusion

Great achievements in information technology and communication have led to
higher-level user expectations in Learning Management Systems including Cour-
seNetworking. One of the advanced technologies helping companies meet user
expectations is machine learning. This paper argues how machine learning can
contribute to enhancing learning management systems, fulfilling user demands,
and introducing a new age of e-learning. Machine learning techniques are em-
ployed in CN to create an intelligent agent named “Rumi” to personalize services
and add more entertainment and dynamics to the system. Rumi has brought
more engagement and personalized learning to CourseNetworking and, poten-

tially, other learning platforms in the near future.
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