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Abstract

In universities with a credit system, students are given a choice of subjects -
elective courses. There is a whole list of subjects of different profiles from which
they must choose themselves. This decision will affect the student’s future
career, as he will choose not only the subject studied but also what he will do in
the future. Understanding how difficult a choice needs to be made, and how
difficult it is to choose a subject, it was decided to create & recommendation
system for subjects. One of the most used applications of artificial intelligence is
the recommendation engine. Since the advent of the Internet, recommender
systems have become more and more common in everyday life. Recommender
systems can be implemented using various machine learning methods, but this
task attracts a large number of scientists from all over the world. Let’s start
with how to classify k-means while comparing two different approaches. The
system was developed using machine learning technology and cross-platform
application development. The algorithm was based on data that was collected
from various public sources. The relevance of this topic led us to create an
application, two types of recommender systems:

1) Entering the subject that the student liked, the system will give him a list of
subjects with similar skills

2) Entering your interests and sbilities, the system gives out an item that is
most suitable for your preferences

Keywords: ml, k-means, courses, universities, recommendation system



Annartia

YKorapbl OKy OpbIHIAPB! KEPEIUTIiK JKyie apKbLIb!l OPLIHAAIAJE! JKIHE 0J1ap
CTYIIEHTTepre TaHJIay MEH KOChIMINA ITOHEPII TaHAAYAb! YChIHABI. Byn spTypii
npoduberi NOHAEPIIH TOJBIK Ti3iMiH KepceTe OTHIPBIN, TaHAAY MYMKIHIITH
TOJIBIFBIMEH ©3[epiHe KalAbpaibl. Byl wemiM CTyAeHTTiH Gonalak, Kacioine
acep eTelli, OUTKeHI OJ1 TeK OKbIJIATHIH MoH[i rala eMec, >KaKblH apaja He
icTefiTiHiH Oe TaHaMabl. TaHnayabH KAHIIAIBIKTEl KUBIH eKeHiH, MoHAl
TaHIayAblH KaHAal ayblp LIELM eKeHiH TYCiHe OTBIPLII, IOHAEPre YChIHBIC Oepy
>Kyleci Kypy TYPaJibl IIeliM KabbligaapiM. 2Kacanpl WHTEJIJIEKTTIH €H, Keoll
KOJIJ2HBLIATEIH KOCBIMILAIAPBIHBIH O1pi - YCBIHBIC KOBFAJITKBIIIEL. TamamMTop
natina 6osraHHAH 6epi peKOMEHJAlUAIBIK Xylesep KYHIEMKTI eMip/ie XKui
Keanecedi. YCBHIHATHIH XKylenep/i MaliHaJIbIK OKBITYIBIH, SPTYPJI dAICTEPIH
KOJaHy apKBUIBI XKy3ere achbipyra Oonap!, 6ipak 6ya TarcbipMa OYKin aeMHIH

KOITereH FajbIMIapPhIH 911 e KbI3bIKThIPaJb. Exi Typai Tecinal casbiCThIpa
OTBIPBIH, k-means ToCiIl apKbUIbL KaJiait sKikreyre 601aTBIHBIHAH HacTalMbI3.

YKyite MaIIMHAJIBIK OKBITY TEXHOJOTHSACHIH YKOHE KpOocC-TaT¢OopMabIK,
KOCBIMILIAJIAp/a 83ipiey i naiaiana OTbIPBII KACAIFaH. AnroputMm spTypJi
KOFAM/IbIK KO3JEp/AeH KUHAIFaH NEPEKTEPre Heri3feared. By TaKbIPLINTHIH
o3eKTimiri 6isre KOCBIMILIAHBI, eKi TypJeri KeHec 6epy XKyleciH Kypyra aKeJJl:
1) CrynenTke YHAFaH MOHJI eHTI3reH Ke3Jie XKyle oFaH CUNaTTaMJIaphbl YKCac
rmeHep/iH Ti3iMiH 6epen

2) CizgiH, KeI3BIFYLIBIILIKTaPbIHEI3 Gen KabineTTepiHi3al Kapail OTHIPHI, XKYiie
KaJlaybIHbI3 OOUBIHINS €H KOJaiIbl KypcTap YCHIHAAbI

Tyitin cesaep:2Kacan/ipl UHTELIEKT, k-means Tocini, KypcTap,
YHHBEPCUTETTED, YChIHBIC xKyitecl.



AuHoranug

B yunBepcuTeTax ¢ KpeJIUTHON CHCTEMON AJisd CTYACHTOB IpeIOCTABIISAETCS
BLIGOD IIPEAMETOB, SJIEKTHBHEIX KYPCOB. DTO UeMblil CIUCOK MPEAMETOB PasHbIX
npoduIell U3 KOTOPBIX OHY JOJKHBI BBIOPATH CAMHU. D10 pellleHre NOBIUSIET Ha
JabHEHLIYI0 Kapbepy CTYACHTA, TaK Kak OH OyneT BbIOUPATb HE TOJBKO
u3yyaeMblif TPEAMET, HO ¥ TO, YeM OH OyAeT 3aHUMATELCA B ommnkaiieM
6yayiem. IloHuMast KaKoit CIOXKHON BBIOOp HYXKHO CHENATH, KaK TPYAHO
BBLIOPATD IPEIMET, IPUHSATO PellleHie CO3ATh PeKOMEHJaTeIbHYI0 CHCTEMY TI0
npexmeraM. OfHUM U3 HauboOJIEe YaCTO UCTIOJIb3YEeMbIX IPUJIOKEHU ]
UCKYCCTBEHHOIO MHTEJLIEKTa SBJIACTCA MEXAHU3M pexomenzpauuit. C MOMeHTa
nosilenus VIHTepHeTa peKOMeHJaTe/IbHbIe CUCTEMbI CTAHOBATCH BCE bonee
PACIIPOCTPAHEHHBIMU B [IOBCEAHEBHOM XKU3HM. PexkoMeHJaTeIbHbIE CHCTEMBI
MOTYT GBITH PEAIH30BAHbI C UCIIONb3OBAHNEM PASIIMTIHEIX METO[0B MAaIIUHHOIO
06y4eHusi, HO 3Ta 331348 NPUBJICKACT 6OJIbIIIOE KOJIMYECTBO YYEHBIX CO BCETO
mupa. HaunHeMm ¢ TOro, Kak Ky1acciUIMPOBATL K-CpEJHIX IIPU 3TOM CPABHUM
nBa pasHeIx nogxoxa. Cuerema pa3paboTaHa C HCIIOJIb30BaHNEM TEXHONOTNH
MAIIHHHOIO 0ByYeHnst i Pa3pabOTKi KPOCCIUIAT(QOPMEHHOr0 MPHIIOZKEHHE.
AsropurM 6blJ OCHOBaH Ha JAHHBIX, KOTOPbIE 6B COOPaHB! U3 Pa3IMYHbIX
OTKDBITHIX UCTOYHUKOB. AKTYalbHOCTD NIAHHOM TeMbI IPHBeJa HAC K CO3AAHNIO
NPUIOXKEHNUS, [Ba BULA PEKOMEHIATEJIbHOA CHCTEMBI:

1) Bogist Ipe/iMeT, KOTOPbIft TTOHPABUJICA CTYACHTY CHCTEMbI BBIJACT €My CITMCOK

[peIMeToB CXOXKUX M0 HaBbIKaM
2) Beogst CBOM MHTEPECHL 1 CIIOCOGHOCTH, CHCTEMa BBILAET NpeaMeTa,

MAaKCHUMAaJIbHO ITOAXOAAIINX IIOL Nnpearo4YTeHNUA

Krtouepble CJIOBa: MallHHHOE 00yueHue, MEeTOLOJIOr sl k-means, Kypcsl, By3Hl,
PCKOMEH/IaTE/IbHAA CUCTEMA.
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Chapter 1

Introduction

1.1 Motivation

Universities with a credit system have compulsory and elective courses.
The courses students must choose are named compulsory, and elective courses
that students must take by students themselves. Compulsory subjects are
primarily aimed at completing research. Electives, on the other hand, are aimed
at a narrower discipline. This choice will affect your entire life as the course you
complete will determine your future work. From this, we can conclude that this
decision is one of the most important. Create an automated system based on
this. The recommendations within the university wall are appropriate. It
analyzes and emphasizes the main aspects that influence the successful delivery
of the subject and recommends selected students based on this. Industry wants
graduates to be as well-rounded and diversified as possible when their profiles
are examined, therefore the number of electives given in qualitative courses has
increased in recent years. When considering the business sector’s attention to
these issues, picking electives about urbanization and management,
environmental management, and CSR (Corporate Social Responsibility) would
be a smart option. Furthermore, there is nothing wrong with selecting electives
that are often evaluated higher for a variety of reasons. Though your friends
may scoff at you for padding your CV with easy-to-score and higher-grading
electives, the fact is that you do not lose anything and benefit from the practice.
Electives should not be chosen only for this purpose, as recruiters are typically
savvy enough to recognize these characteristics, as they are primarily previous
institute alumni. Furthermore, selecting high-quality electives is a fantastic way
to keep your profile current and futuristic, since lesser-known courses with
promise might make you valuable to niche businesses.

The goal of this work is:

e Determine the impact of personal interests on subject selection.



o Identifying the most accurate recommender algorithm to assist with
subject selection

e Describe the construction (application) of an automated system that will
assist with subject selection using a recommender system.

1.2 Aims and Objectives

The main goal of my research is to create a recommendation system for
students to help them choose a subject based on the results obtained when they
pass a psychological test. This recommender system is built using the latest
machine learning algorithm technology.

o Availability. The application is free and any user of the Android platform,
:0S or website can use it at any time.

e Credibility. The results given by our application are based on an
algorithm that uses different vector transformations.

e Merged technology and education to make life easier for students.

e Save time. You don’t have to sit down and make a list of pros and cons.
You do not need to panic not to understand which subject to choose. Just
enter into the system a subject that you have taken before or write your
preferences, and the system will give you a list of subjects from which you
can choose.

1.3 Recommendation System

Recommendation systems (RS) are widely used in many areas of modern
life. They can also be used in education. Recommendation system are a type of
machine learning that is used to rate or rank, in this work, students and
subjects. A recommender system, in general, is a system that anticipates how a
user would rate a certain item. After then, the user’s predictions will be rated

and returned to them.

Various well-known firms, such as Instagram, Google, Amazon, Spotify,
Reddit, Netflix, and others, utilize them to keep and prolong users’ time on their
platforms, as well as for general advertising. For example, Netflix would suggest
shows that are similar to the ones you frequently watch or enjoy so that you
may continue to watch episodes and movies on their platform. Amazon utilizes
recommendations to propose items from comparable businesses you follow, like,
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or comment on, and they also promote the same accounts to your friends based
on your data. .

Some recommender systems employ algorithmic and template-based
techniques, while others use more modeling-oriented approaches such as
collaborative filtering, content-based, link prediction, and so on. The complexity
of each of these techniques varies, but complexity does not imply "excellent"
performance. Frequently, the most basic concepts and implementations yield the
best outcomes. Large firms like Google, for example, have promoted content on
their platform using simple boilerplate implementations of recommendation
engines.

Many algorithm developers struggle with determining what constitutes an
effective recommender system. This definition of a "good" suggestion might
assist you in determining the success of the recommender you've built. A
number of approaches that measure coverage and accuracy can be used to
evaluate the quality of a suggestion. Coverage indicates the proportion of items
in the search space for which the system can produce suggestions, whereas
accuracy is the proportion of right recommendations out of the total number of
potential recommendations. The process for assessing a suggestion is completely
determined by the data collection and the methodology employed to develop

it.[14]



Thesis outline

The dissertation work includes an introduction, six chapters including a
conclusion, a list of references and an abstract in three languages.

The first chapter is an Introduction. The significance and relevance of the
dissertation subject are established in this chapter, as are the aims of the
dissertation work and the tasks to be completed, as well as the work’s scientific
innovation and practical value.

In this second chapter, the relevance of the work is checked. Finding works
that are related to the topic for the last 5 years. The discovery that they made,
the method they used, what data were used in the work, what data the
algorithms were tested on, what conclusion they made in this work, what they
failed now and what they will add in the future are described.

The chapter 3 describes the methods, tools and architecture. We tell you
what tools were used to create the application and for the recommender system.
The method by which we build a recommender system is also described in more
detail. Tells just different types of vectorizing. How the date was prepared for
work, how the effectivencss of the method was evaluated, as well as what results
were obtained.

In the conclusion, the work’s findings are summarized, as well as the
research’s primary findings, difficulties with solutions, and future directions for

scientific research.



Chapter 2

Architectural design

This UML diagram in Figure 1 depicts the user experience in the
application created for the recommendation system. As soon as the application
run, the user will be given a choice of whether he wants to start with the
recommendation by course or by interest. As you can see, if he selects by
interest, then he will only need to enter the text, which requires a minimum of
100 symbols for efficient prediction of recommendation courses. After that user
presses the button to see the list of recommended courses. The program
provides text to the model, which in turn returns similar subjects. He will
choose any course he liked and preferred and can read more about that course:
its released date, duration, and as well as the full description.

If the user prefers to find similar courses by providing an already studied or
liked subject, he needs only write the id of the subject to filter from all of the
courses. When the user finds a necessary course from the list, he selects the
subject and the program sends back the results of related items. As mentioned
above method he can get complete information about that course.

Users can repeat steps in the above paragraphs for infinite time because 1t
is a matter to choose the right course to study. Moreover, they may run
applications on platforms Android and IOS mobile phones, as well as on

web-browser.
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Run application

Write interesting topic Write subject title

Press recommend me Select subject
button

Display list of recommended courses

Select preferred course

Read more about this course

Figure 1. UML diagram for recommendation system application
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Chapter 3

Literature Review

A recurrent neural network (RNN) is used to predict behavior while
preserving previously observed behavior. In the case of recommender systems,
that means a series of sentences without intuitive foresight is too narrow,
putting the user in a filter bubble. This article solved this problem. Predict the
outcome of the courses offered to students to choose from the ones that suit
their interests. Create a set of models based on the course catalog (BOW) and
another model based on the registration history (course2vec). Performance
comparison of two models using validation datasets. Comparing the two models,
user findings show a dramatic indifference to RNN policies. However, the
machine learning of the course2vec model showed the best results for the task
when validated offline. [1].

This article introduces some of the methods used in the course
recommendation system. With the help of this system, students can know the
approximate results in advance, which helps them choose to study. There is also
a table and comparative analysis of the effectiveness of the educational data for
each method. Then the best method was selected. And the final version of the
recommended system was created. It can already be used in practice. [2].

The course recommendation system is designed to allow students to choose
from a variety of subjects. However, the student’s choice cannot depend solely
on his or her interests. Teachers, peers, and others influence them. Existing
rating matrices in the form of interpersonal relationships, rating text, and "user
elements" form a multimodal data structure from multiple sources. Therefore,
to make recommendations based on these different qualities, need a way to
systematically combine the data. Therefore, this article proposes a hybrid
recommended model that combines structured network functionality with the
use of graph neural networks and interactive student actions with factorization
of tensors. First, a structured graphical learning evaluation network is developed
using student evaluations to characterize students, courses, commentary texts,
grades, and interpersonal relationships. By examining the student’s relationship
structure, use a neural network with a random walk to create a vectorized

12



representation of the student. Finally, use the Bayesian probability tensor
decomposition to examine and predict the scores of students in subjects that are
not attending and recognize these personalized traits as the third dimension of
the evaluation tensor. Due to the small prediction error and improved
recommendation accuracy, the proposed method outperforms other current
matrix factorization models and neural networks (RTTF, xSVD++, DSE).[3].

Pakistani universities offer credit programs of all kinds to applicants.
Pakistan Virtual University-Developed with the latest information technology.
This university offers a choice of a large number of professions and specialties.
Each program has subjects that the student must complete. The chosen course
that suits the competencies and interests greatly affects the final grade (CGPA)
of the student. In this work, a system for recommending subjects in the Virtual
University was created. The system has been tested on 470 courses that are
accessible, including simulated data from 2,600 people. As a result, it has been
proved that grades are influenced by the average score of the student in the
courses already studied and the average score in similar courses. The
implemented system and its accuracy were evaluated using the mean absolute
error for 100 observations. The MAE was in the acceptable range[4].

This work describes a hybrid recommendation system that uses
Content-Driven Filtering (CBF) and Collaborative Filtering (CF) to propose the
most relevant courses for students based on several factors linked access to both
student and course data. The genetic algorithm (GA) was created to find the
best RS configuration, which takes into account the most significant criteria and
the remaining factors. The pilot project employed real data from the University
of Cordoba’s computer science program, comprising data collected from students
over three academic years and based on 2,500 records from 95 individuals and 63
courses. The examination of the most acceptable criteria for course suggestions
is demonstrated by experimental findings. The experimental findings show the
relevance of employing a hybrid model that includes both student and course
information to increase the dependability of suggestions, as well as better
performance compared to earlier models [5].

In several disciplines, recommendation systems are commonly employed.
These systems function by proposing tailored lists of articles to users based on
their interests, therefore assisting users in navigating the overabundance of
information available to them. When beginning a new level of study, users such
as students find selecting the appropriate courses to be a challenging
undertaking. Choosing the incorrect courses can have a negative impact on
students’ academic performance as well as their future professional prospects.
This article will look at how the recommendation system may be used to assist
students to choose courses that are a good fit for their skills and interests. The
findings of this study imply that a combined counseling approach/system may
be the most effective strategy for assisting students in selecting the appropriate

13



courses for their future jobs.[§]

Students in higher education experience difficulties while selecting optional
courses for their studies. Advisors are employed by the majority of higher
education institutions to assist with this responsibility. Recommender systems
have their roots in commerce and are now employed in a variety of fields,
including education. Recommender systems are a viable substitute for human
advisers. The purpose of this study is to look at the breadth of recommender
systems that help students choose optional courses. To do so, a systematic
literature review (SLR) was done on the recommender systems corpus for picking
optional courses published between 2010 and 2019. Only 24 papers out of 16 981
were found that discuss recommender systems for selecting optional courses and
were included in the final analysis. Several recommender systems techniques and
data mining algorithms are utilized in these articles to accomplish the goal of
recommending optional courses. Current research on the usage of recommender
systems for selecting optional courses is lacking, according to this study. To
improve the performance of recommender systems for optional courses, more
studies in numerous undiscovered areas might be investigated. This research
adds to the corpus of knowledge on recommender systems, particularly those
used to help students choose optional courses in higher education.[9]

Choosing a few optional courses from a wide range of options has proven to
be a challenging undertaking for many students throughout the years. Guidance
and counselors, sometimes known as level advisers, are often employed at many
higher education institutions to aid students in making the best course choices.
In actuality, these counselors and advisers are frequently overburdened with too
many pupils to serve, and they frequently do not have enough time to devote to
them. Most of the time, the academic strength of the student based on previous
results is not taken into account while making new optional choices. Advanced
data analysis techniques are used by recommender systems to assist users in
finding items of interest by generating a projected likeliness score or a list of top
suggested items for a specific active user. As a result, a collaborative
filtering-based recommender system was built in this study to dynamically
recommend optional courses to undergraduate students based on their previous
grades in relevant courses. The k-nearest Neighbour method was used in this
technique to uncover hidden linkages between relevant courses passed by
students in the past and currently accessible elective courses. The
recommendation model was built and tested using a dataset of real-life student
results. The new model outperformed previous findings in the literature. The
established approach will not only assist students in better their academic
performance, but it will also aid level advisers and school counselors minimize

their workload. [10]

We propose & unique recommendation system for course selection in the
specialty of information management at Chinese universities, as an essential
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component of smart education. To construct this system, we first collect the
course enrollment data set for a specific group of students. In our approach, the
sparse linear method (SLIM) is used to create top-N course suggestions that are
acceptable for the students. Meanwhile, the aL0 regularization term is used as
an optimization approach in the existing recommendation system, which is
based on the observation of course items. To assess the performance of our
method, comparative experiments between state-of-the-art approaches and our
approach are carried out. The results of experiments on a variety of themes and
with a large number of courses reveal that our suggested technique beats
state-of-the-art methods in terms of accuracy and efficiency.[11]

One of the most severe issues we confront today is the failure of university
students to complete their studies. According to data from the Ministry of
National Education Republic of Indonesia’s Centre for Education Statistics
Research and Development, the proportion of students who graduated on time
between 2001 and 2011 was just 51.97 percent. Furthermore, incidences of
students dropping out at the start of the semester are extremely common. One
of the reasons for the study’s failure was the substantial selection faults made
when applying to university. Using the Association Rule approach, this study
proposes a subject selection recommendation system based on profile data and
student interest.The results of the rules of the connection will then be matched
with prospective students via dynamic surveys, so new students may expect
more valid subject suggestions that fit their profile and interests. The system
developed as a result of this study makes use of student data recorded in Dian
Nuswantoro University’s academic system. This paradigm, on the other hand,
maybe used by any university with an academic information system. At the end
of the day, this approach should be employed to reduce failures due to student
study major election blunders.[12]

A customized hybrid course recommendation system (PHCRS) takes into
account student interest, talents, and progression career in this study. To design
2 PHCRS that meets the needs of individual students, we applied the five widely
algorithms that were employed: popularity-based techniques, content-based,
item-based collaborative, user-based collaborative, also score-based methods. By
gathering course syllabus and class labels (for example, skills offered, different
levels). Following that, trained five recommendation models using course names
as well as students’ previous course selections and grades. To conducted trials
with students at the Department of Electrical and Computer Engineering offers
1794 courses to 925 students and uses the receiver operating characteristic curve
(ROC) and normalized discounted cumulative gain (NDCG) as metrics to
evaluate system’s correctness. The findings indicated suggested system obtain
ROC accuracies of 80% and NDCG accuracies of 90%. We asked 46 people to
try out system and fill out survey. Total, the recommended courses piqued the
attention of a large number of participants 60 to 70%, and the content-based

15



filtering course suggestion lists matched 67.40 percent of students’ real course
preferences. The courses at the top of the suggestion lists piqued the students’
attention, also across the five recommendation systems, more participants were
self-motivated than those who were motivated by extrinsic information. These
findings showed that a recommended course suggestion system can help students
choose courses that they are most interested in. [13]

Many colleges and universities have used flexible curriculum systems, as
well as increasing the a wide range of courses are provided, in order to provide
reliable information to students about the courses in which they may display
better ability and interest, word-of-mouth no longer suffices. There is currently
a need to guarantee that students make the greatest use of available data in
order to make better course selection decisions. There are three types of
recommendation systems: collaborative filtering, association-rule based, and

content based.

There are three types of recommendation systems: collaborative filtering,
association-rule based, and content based. The proposed recommendation
system aims to promote courses based on a number of parameters, including
course relevance to students’ departments, quantitatively measurable aptitude in
the form of course grades, and a quality-control mechanism based on filtering
courses with low teacher ratings. To account for these variables, a modified
two-tiered user-based pattern matching recommendation system is developed.
For forecasting future grades, using a user-based collaborative suggestion system
might be a good option. In a user-based collaborative recommendation system,
such as an e-commerce site, product suggestions are based on a user’s affinity for
a user group. One user, for example, buys a phone, a screen protector, and a
phone case, while another buys a phone and a screen guard. A collaborative
filtering system would detect the users’ relationship and suggest a phone cover
for the second user.

In the case of user-based collaborative filtering, user clusters will be
identified quantitatively based on their ratings/scores, and prediction values will
be presented to new users based on their affinity to the cluster. Students getting
grades will be placed in comparable cluster patterns in our course
recommendation system by using an Artificial Immune System (AIS) clustering
technique to compute the affinities between distinct students in a training data
pool. The AIS has been shown to be an excellent tool for clustering data. The
application of the AIS approach will improve the quality of the solution
presented here. The anticipated values are then calculated using the affinity
values of new students in clusters as weights.[15]

With recent developments in contrastive learning techniques, the gap
between supervised and unsupervised pretraining has shrunk. These provisional
approaches are often used online and rely on a high number of explicit pairwise
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feature comparisons, which can be time consuming. We present SwAV, an online
approach that uses contrastive techniques without the need to conduct pairwise
comparisons, in this study. Instead of comparing features directly as in
contrastive learning, our technique clusters the data while maintaining
consistency across cluster assignments obtained for distinct augmentations (or
views) of the same picture. Simply put, we employ a flipped prediction process,
in which the code of one view is predicted from the representation of another.
With recent developments in contrastive learning techniques, the gap between
supervised and unsupervised pretraining has shrunk. These contrastive
algorithms are often employed online and rely on a large number of explicit
pairwise feature comparisons, which might take a long time. In this paper, we
introduce SwAV, an online method that employs contrastive techniques without
the necessity for pairwise comparisons. Rather of simply comparing features like
contrastive learning does, our method clusters the data while retaining
consistency among cluster assignments achieved for different augmentations (or
views) of the same picture. Simply put, we use a flipped prediction technique,
which predicts the code of one view from the representation of another.[16}

This article has developed a web-based course recommendation system.
When students are having problems deciding which courses to take, they might
utilize a course recommendation system to help them. This research develops a
recommendation system based on our previously described Prediction
Methodology. The prediction approach incorporates both Data Mining and
Graph Theory methodologies, which will be presented in this paper to give
readers an understanding of how we may create appropriate course
recommendations for students. The results in this research were obtained by
applying our prediction mechanism as well as the questionnaire to two classes
(classes 2001 and 2002) over the course of two school years. The questionnaire is
meant to determine whether or not our prediction approach is effective.[17]

This study proposes a user-based Course Recommendation System. The
recommender system is built as an online website/application that may provide
a tailored list of courses for a user to take. In this domain of user-based
recommendation, modern variants of conventional recommender systems, such
as collaborative filtering, are seen to be effective. The recommendation method
is separated into three parts based on the collaborative filtering principle:
representation of student data, generation of neighbor user (student), and
generation of course suggestions. During the neighbor creation process, the
Cosine algorithm is used to calculate the likenesses between each user. The
course suggestions are then created based on the evaluations of other students as

well as his own personal ratings.[18]

The fundamental issue for today’s students is that they demand customized
access to data and figures depending on their choices and needs. To overcome
this problem, a recommender system is used to analyze data automatically
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based on the user’s preferences, and the best option is offered in a variety of
options The recommender system is used to customise data by recognizing a
similar user or identifying specific issues of importance to the user. RS
prioritized information, related it to products, and offered users relevant
suggestions based on their preferences. A recommender system is an intelligent
system that extracts a customized set of data from a large volume of data
generated constantly. The information is mostly filtered by recommender
systems based on user ratings or opinions on specific items (collaborative
filtering) or previous users’ choices (content-based filtering). The option made
by a comparable individual in the past is recommended through content-based
filtering. Clustering is a machine learning approach for grouping data into a
finite number of groups based on data similarity. These techniques are based on
unsupervised learning and are mostly used to categorize unlabeled historical
data. Members of the categorised categories are similar to one another but
different from members of other groupings.[19]

The major focus of this research is to determine the impact of career
exploration. The module is a computer-assisted software for making career
decisions based on grades and preferences. The study’s target audience was
10+2 graduates eager to pursue careers in sectors like as engineering, medicine,
business, and the arts, among others, while students who had already made up
their minds were used to assess the system’s trustworthiness. Random sampling
approaches were used to choose a sample of this accessible population. One of
the most important variables in a student’s academic achievement is the
availability of career counseling services. The main aspect of student utilities is
that they provide students with the finest plan for their future that suits their
attitude and attributes. Students choose specific fields of study based on
projected career possibilities, hobbies, and expected future advancements at the
time of course completion. If a student is uninterested in the course or if a
career does not precisely fit the student’s abilities, problems develop. Learner
counseling should contain advice on professional paths, addressing inter-personal
relationships, learning strategy traits, as well as attitude and aptitude. This
service is often given by counsellors or advisers with extensive expertise in the
organization. However, with an increasing number of students and options, as
well as the amount of work placed on these advisers who are unable to handle
the situation, the faculty of higher secondary education institutions lacks
appropriate expertise and experience in courses and programs other than
oducation. Due to their busy schedules, they also do not have time to counsel
their students.[20]

Consider all the methods that were used in the works that are described
above, as well as to conduct a comparative analysis and show the results of the

work. The method proposed consists of several stages: (1) after reading all the
resources, identify what technique is used (2) what was dataset used (3) what
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classification method was used (4) what the result works. To identify methods

that will help me in further work, I brought out all the algorithms used, as well
as the results of the work in Table 1.

No Research

Table 1. Analyze of similar works

Goals and Strategy / Performance Limitation and
objectives Approach Future Work
1 Zachary A. Design Course2vec, Unexpectedness, L: Students have to
Pardos and serendipity for multifactor novelty, variety, and rely on the
Weijie Jiang university course2vec the major measure semantics of the
2020(1] recommendatio and bag-of- of serendipity were course description.
n system words model all greater in the FW: Additional
diversity-based information, such as
algorithms than in latent semantics,
the and non- should be added to
diversity algorithms.  course descriptions.
2 H. Thanh- Building the KNN each for Because the BMF FW: To make better
Nhan, N. course student and method has the use of relational
Thai-Nghe, H. recommendatio - course; MF | least root mean data, take a multi-
Nguyen nsystems.  and BMF with . square error, it is relational strategy.
2016[2) RMSE * employed in course
measure recommendation
systems.

3 Y.Zhu, H.Lu, Network-based SCD, DSE, When compared to Simplified _
P.Qiu, K.Shi, offline course RTTF, TENTF PMF techniques computation method
J.Chambua, recommendatio (RTTF, DSE) and and lower the
Z.Ni 2020(3] n with graph SVD-based amount of time

learning and methods, the spent training and
tensor proposed model forecasting
. factorization for obtains the lowest
heterogeneous MAE and RMSE.
teaching
assessment
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A.Akhtar
2020[4]

A. Esteban, A.
Zaira, C.
Romero
2020[5]

N. Lynn,
A.Emanuel
2021[6]

M.Maphosa,
W.Doorsam,
B.Paul,
2020[7]

A.0.Ogunde,
E.Ajibade,
2019(8]

J.Lina, H.Pu,
Y.Li, J. Lian,
2017[9]

Table 1. Analyze of similar works

Recommender
system for
Virtual
University in
course
selection
process

A systerm witn
genetic
optimization
was developed
using a hybrid
multi-criteria
recommendatio
n system.

Explore the use
of RS to assist
students in
selecting
courses that
matches to
their skills and
interests.

Assist to
choose elective
courses

propose RS
with dynamical
advice to
students for
optimum
academic
performance

Improve state-
of-art-methods
both accuracy
and
performance

Collaborative
Filtering,
KNN, VU-
CRS
algorithm

Proposed
hybrid RS
CBF with
clustering
user-based &
item-based
CF MCSeCF

CB, CF,
knowledge-
based, hybrid

Matrix
factorization,
Review
protocol, CF

KNN to
determine
relation
between past
and available
course

sparse linear
method
(SLM)
calculating
sparseness
aggregation
strategy

The difference
between the
expected and real
values stayed within
10%. For 100
observations, the
MAE came out to be
5.12, which is a
reasonable mistake.

Using a hybrid
approach witn
multiple criteria are
significantly better
than the rest models
( RMSE values)

Hybrid RS combines
other techniques
advantages and was
decided
to be the best
method

Colloborative
filtering is most
popular one with
45%

Overall accuracy
95.65% exceeds
related works results

Results of metrics as
hit rate and average
reciprocal Hit-Rank
demonstrated that
technique
outperforms the
related works

More tailored
findings can be
obtained using a
psychological test-
based method.

Add limitations to
cowrse

recommendations to
filter them; expand
with more degrees

In the future work
needs to be
considered more
subjects with a
generic system



Study

Zachary A.
Pardos and
Weijie Jiang
2020[1])

H. Thanh-Nhan,
N. Thai-Nghse, H.
Nguyen 2016[2]

Yifan Zhy, Hao
Lu, Ping Qiu,

Chambua,

Zhendong Ni
2020[3]

Aleem Akhtar
2020[4)

A. Esteban, A.
Zafra, C.
Romero 2020[5]

Table 2. Results of similar works

Technique

. Diversity based

algorithms
(BOW,
Equivalency) vs
Non-diversity

: algorithms
. (Equivalency,
~ RNN)

KNN, MF, BMF

' xSVD++, DSE,
. TENTF
Kaize Shi, James

- Collaborative

Filtering, select
neighbours,
predict score

" Recommendatio
 n System,
. Collaborative

Flltering,
Content-based

Filtering

- Dataset

student course
enroliments at
UC Berkeley
from Fall 2008
through Fall
2017

Grading system
at Can Tho
University from
1994 to 2004 in
ICT

Beljing Institute

of Technology,
BIT-UASET
evaluation
system

Virtual University
2600 students
and 470 courses
data during 4
years

Academic
survey of
University

Cordoba, CS, 95

students and
2500 ratings of
63

courses from
2016

to 2018

Classifier

BOW (div)

Analogy (div)

Equivalency
(non-div)

UserkKNN

itemKNN
MF
BMF

XSVD++

DSE

TENTF
{Proposed)

VU-CRS

Proposed hybrid
RS

CBF with
clustering

User-based &
item-based CF

MCSeCF
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Chapter 4

Project’s components

4.1 Machine Learning and Data Science

Data Science is a set of specific disciplines from different areas responsible
for analyzing data and finding optimal solutions based on it. Previously, only
mathematical statistics were engaged in this, then machine learning and
artificial intelligence began to be used, which added optimization and computer
science as methods of data analysis to mathematical statistics. Data science is
important because it combines tools, methods, and technologies to extract
meaning from data. Modern organizations are overloaded with data; there are
many devices that can automatically collect and store information.

This part describes which platform used to create ML models and which
language used for part of machine learning.

4.1.1 Anaconda/Jupyter

Anaconda is the platform most famous for data science, which fits the
needs of ML, integrated with several data sources and tools. It is an open-source
Python and R languages distributive for ML, data science, analytics, scientific
computing, etc. which simplifies management and deployment. Anaconda is a
data analysis tool that is gvailable for free. Depending on the operating system
(Windows, Linux, or MacOS), installation is feasible. The Anaconda interface is
shown in Figure 2. To run, many scientific packs require particular versions of
other packs. Data scientists frequently utilize various versions of many software
and isolate these versions using distinct environments. Navigator allows you to
interact with packages and environments without having to input conda
commands into a terminal window. You may use Navigator to identify the
packages you need, install them in your environment, execute them, and update

them.
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Anaconda Enterprise is the commercial version of Anaconda. This allows
businesses to create enterprise-grade, scalable, and secure apps. However, you
may install python and then optionally install programs using pip to execute
Data Science operations. Anaconda is an option that installs all of the required
packages all at once. Users will find it more convenient as a result of this. Both
strategies accomplish the same goal. Developers are free to select any of them
based on their preferences. Anaconda is widely used in the data science field
since it solves many common difficulties early on in the development process as
well as later on. Anaconda, in general, makes data science and machine learning
activities easier.

Conda is a package and environment management system that runs on
different operating systems, like Windows, macOS, and Linux. Conda helps
packages and their dependencies install, run and update promptly. Conda easily
constructs, keeps, loads, and switches between environments on the platform.
Initially is intended for Python language, but with updates, any language can be
packed and distributed. It is supported in all Anaconda versions [11]. Conda is
a free and open source programming framework and environment manager.
Conda installs, executes, and updates packages and their dependencies in a
matter of seconds. On your local system, Conda makes it simple to build, save,
load, and switch between environments. It was designed to package and deliver
Python applications, although it may package and distribute software written in
any language.

Conda is a package manager that aids in the discovery and installation of
packages. You don’t need to switch to a separate environment manager if you
need a package that requires a different version of Python because conda is also
an environment manager. You can build up a fully new environment to run this
alternative version of Python while still running your regular version of Python
in your regular environment with just a few keystrokes. All versions of
Anaconda and Miniconda come with the conda package and environment
manager. Anaconda Enterprise, which allows local administration of enterprise
packages and environments for Python, R, Node.js, Java, and other application
stacks, is also a component of Conda. Conda is also available on the community
channel conda-forge. You can also acquire conda from PyPI, although that
method isn’t as up to date.

JupyterLab is a flexible, integrable, and easily extensible environment that
supports simultaneous work with several Jupyter notebooks, text files, datasets,
terminals, and other components, and can organize documents in the workspace
in a convenient manner using tabs and separators. JupyterLab supports the
visualization and editing of many data formats: CSV, JSON, IPYNB, etc. 1t
also provides an adjustable interface with the ability to move blocks and layouts
in a convenient order, with a focus on the interactivity of the calculations [12].
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Figure 2. Anaconda Navigator interface

4.1.2 Python

Python is a high-level programming language. One of the advantages is
that can be easy to pick up both for first-time beginners and advanced
programmers with other languages. Python is a multi-paradigin,
object-oriented, structural, generic, functional, and meta-programming are fully
supported. Basic support for aspect-oriented programming is provided through
metaprogramming. Many other techniques, including contract and logic
programming, can be implemented using extensions. Language licenses are
written in a such way, that everything is open and free, everyone can use it,
develop and spread it among other developers for commercial use. Owner
company already presents thousands of open libraries which were developed not
only by themselves but also by comnmnity participants. This is a great
opportunity for developers with an infinity of possibilities. [13]

Python is a widely used high-level. general-purpose, dynamic programming
language that is interpreted. Its design philosophy prioritizes readability, and its
syntax enables programmers to express concepts in fewer lines of code than in
languages like C+ 1 or Java. The language has constructs that make it possible
to write clear programs on a small and big scale.
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@ python’

Figure 2. Python Logo

4.1.3 Algorithms

In this work, used the recommendation system algorithms of machine
learning. These algorithms learn from input data and then use this learning to
recommend courses.

Unsupecrvised lcarning

The unsupervised learning model makes predictions by receiving data that
does not. contain the correct answer. The goal of the unsupervised learning
modcl is to identify mcaningful patterns in the data. That is, the model has no
clue as to how to classify each piece of data, but instead, you have to derive your
own rules. The commonly used unsupervised learning model uses a technique
called clustering. The model finds data points that represent natural grouping.
[18]

Unsupervised learning, also called as unsupervised machine learning, uses
machine learning algorithms to evalnate and cluster unlabeled data.These
algorithms find hidden patterns or data groupings without the need for human
input. It’s idcal for exploratory data analysis, cross-sclling strategics, customer
segmentation, and picture and pattern recognition because of its ability to
detect similarities and contrasts in data. Two common approaches for lowering
the number of features in a model through the dimensionality reduction process
are principal component analysis and singular value decomposition.
Unsupervised learning employs neural networks, k-means clustering,
probabilistic clustering techniques, and other algorithms. [19]

Cluster is a tvpe of unsupervised learning strategy that widely used,
investigated on the ficld of vision softwarc for computers. There hasn’t been
much work done to modify it for end-to-end visual feature training on huge
datasets. DeepCluster is a cluster algorithm that learn both parameters of a
neural net are discussed. as well as the cluster assignments of the produced
features. DeepCluster employs a typical clustering technique, k-means, to
iteratively group the features and uses the following assignments as supervision
to update the network’s weights. On huge datasets like TmageNet and
YFCC100M, we use DeepCluster to train convolutional nenral networks
unsupervised. On all typical benchmarks, the generated model exceeds the
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present state of the ait by a wide margin.[20]

K-means

K-mcans is an unsupcrvised lcarning algorithm that divides data into
clusters, grouping unlabeled inputs into the most similar ones. K-means is a
distance-based technique, where distances are calculated to designate a point to
a cluster, where each cluster is associated with a centroid (Figure 3). Its main
purpose is to reduce the distance hetween points and the relative center.
Clustering is different from classification because categories are not user-defined.
For example, an unsupervised model can group meteorological datasets based on
temperature and reveal seasonal segmentations. You can then name these
clusters based on your understanding of the dataset.[18] Clustering can solve
many data science problems and be applied in the fields of recommendation
systems, segmentation of the market, grouping search results, analyzing social
networks, and so on proposing centroid, distribution, connection, and density
models.

Before K-Means After K-Means

L

Figure 3. K-Means technique explanation on graph [15]

Partitional clustering is the most basic type of clustering. and it seeks to
split a given data set into disjoint subsets (clusters) in order to maximize
specific clustering parameters. The cluster error criteria, which computes each
point’s squared distance from the appropriate cluster center and then adds these
distances for all points in the data set, is the most often employed. The k-means
algorithm is a prominent clustering approach that reduces clustering error. The
k-means method, on the other hand, is a local search technique with the
well-known problem that its success is highly dependent on the basic starting
circumstances. Several more solutions based on stochastic global optimization
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nicthods have been developed to address this issuc (c.g. simulated anncaling,
genetic algorithms). However, it should be emphasized that these strategies have
not received widespread popularity. and in many practical applications, the
k-means method with multiple restarts is employed instead.[|The global k-means
clustering algorithm Aristidis Likasa; , Nikos Vlassish, JakobJ. Verbeekhb
aDepartment of Computer Science, University of Ioannina, 45110 Ioannina,
Greece bComputer Science Institute, University of Amsterdam, Kruislaan 403,
1098 SJ Amsterdam. The Netherlands Received 23 March 2001; accepted 4
March 2002

The Elbow (also known as Knee) approach is a useful visualization tool for
determining the optimal number of clusters, at a moment where the errors are
considerably reduced. This method can be visualized by drawing a curve
between the sum of square errors (SSE) and the number of clusters (Figure 4),
there will be a sluggish change in the value of SSE at that point that can be

considered as the final number of clusters.

Elbow Method For Optimal k
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Figure 4. Elbow approach example

LDA (Latent Dirichlet Allocation)

LDA is a well-known modeling method to extract topics from a given
corpus. The phrase latent refers to something that exists but is not fully formed.
LDA can be characterized as a generative probabilistic model for a set of
discrete textual data. One application of LDA in machine learning - specifically,
topic discovery, a subproblem in natural language processing - is discovering
topics in a set of corpora and then automatically classifying any individual
document within the set in terms of how "relevant" it is to each of the
discovered topics. A topic is a collection of keywords (individual words or
phrases) that collectively express a single concept.
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Plate notation, which is often used to express PGMs, may be utilized to
describe the dependency among the many variables in a succinct manner. The
boxes are "plates" that symbolize replicates, or entities that echo themselves.
The exterior plate shows documents, while the inner plate illustrates the
document’s repeated word state; each state is related to a topic and term choice
(Figure 5). The following are the variable names:

- M indicates count of documents

- N is a size of terms in that document

- «a indicates subject allocation of Dirichlet prior parameter per document.

- 7 indicates word allocation of Dirichlet prior parameter per document.

- 0 is the subject allocation for document

- z is the subject of specific term in document

- W 1Is exact term

4.2 Application

4.2.1 Android studio

Having considered all the strengths, it was decided to write our application
on a platform called Android Studio covering all users. Team IntelliJ IDEA by a
well-known corporation released Android Studio IDE (Integrated Development
Enviromment), which originally was specially constructed for the Android
platform to develop apps, but now Flutter is also available. The main reason is
that hoth techniques were released and continue to be developed by Google.
Since Android Studio has experienced a large number of updates, additions, and
revigions. and now it is an enormous forceful code editor, it represents the best
sandbox ;along with developer tools. To develop applications AS offers lots of
features that improve efficiencies, such as a rapid and feature-rich emulator, an
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androidstudio

Figure 6. Android Studio interface

After creation of new project on Android Studio, it displays project files by
default in the Android Project View, which can be changed by selection Pro ject
leve] view. These structures is divided into modules to allow quickly access the
Important source files for your projeci;[ 16]. Figure 6 illustrates interface of
Android Studio, this IDE was chosen to run Flutter app. In the picture

Structure of project also shown: o '
where all libraries and environment settings is listed

- pubspec.yaml is file
- assets folder contains images, data and other raw fileg
folders contains native settings of each component

- android, ios, web i : )
in flutter files written in dart language for all

- lib folder consist of mai

‘Omponents _ ‘
- and other project build gen files
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4.2.2 Flutter
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included in the.apk file. The Flutter library is loaded when the program starts
up. Any rendering, input, or event processing, for example, is outsourced to
Flutter and application code that has been built. Many gaming engines function

in a similar way.[13]

< Flutter

Figure 7. Flutter Logo

4.2.3 Dart

In last decade Google started to invent a new language which supports
cross platform, also works much faster and high level programming language.
They introduced Dart language which was.wntten on C based language to
process quickly, and it is client based solution. Languages are characterized by
their technical shell, which consists of design decisions that form the language’s
abilities and power. Dart is constricted for a technological shell that is especially
suited to client-side programming, focusing both development (hot reload with
statefulness in less than a second) and high-quality production across a wide
range of compilation targets (web, mobile, and desktop).

Flutter’s backbone is likewise Dart. Dart not only offers the language and
runtime for Flutter apps, but it also helps developers with formatting, parsing,
and testing their code.

Dart is type safe, and it employs static type checking to verify that a
variable’s value always matches the static type of the variable. Sound printing is
a term used to describe this process. Type annotations are optional owing to
type inference, although types are necessary. Dart’s typing system is very
versatile, enabling you to utilize a dynamic type in conjunction with run-time
checks, which is ideal for experimentation or work that requires a lot of
movement. Dart comes with a large number of core libraries that cover a wide

range of programming tasks:

31



e Every Dart application comes with built-in types, collections, and other
essential features (dart:core)

e Queues, linked lists, hash maps, and binary trees are more advanced
collection types (dart: collection)

o Converting between multiple data formats, such as JSON and UTF-8,
with encoders and decoders (dart:convert)

¢ Random number generation and math constants and functions (dart:math)
e Non-web apps can use file, socket, HTTP, and other I/O methods (dart:io)

e Future and Stream classes provide asynchronous programming support
(dart:async)

e Fixed-size data (e.g. 8-byte unsigned integers) and SIMD numeric types
(dart:typed data) are effectively handled by lists.

e External function interfaces represent a C-style interface for dealing with
other programs (dart:fli)

Figure 8. Dart Logo

4.2.4 Flask

Flask is a compact and lightweight framework with handy instruments and
possibilities that constructing networked applications simple. Even beginner
developers feel free and might simply build website using only Python language.
Framework is also expansible, and it doesn’t tie any particular directory
structures or boilerplate code to get up and running. Flask utilizes the Jinja
templating engine to produce HTML pages dynamically using Python coycepts
like variables, loops, and lists. These templates will be used as part of this
project. Other applications written using Flask is more understandable gnd
clear than alternative framework Django. Moreover Flask provides functions as
URL routing handling and site rendering. It also referred to mini framework
since doesn’t work with database and authentication. Instead, Flask extensions,
which are Python packages, provide this capability. Extensions work in tandem
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with Flask and appear to be a component of the framework. Flask, for example,
does not provide a page templating engine, although the Jinja templating engine
is included in the default Flask installation. We commonly refer to these
settings as being part of Flask for convenience. Flask is very straightforward to
learn for a newbie because there isn’t much boilerplate code to construct and
operate a small application.

In this project, Flask added as server part of recommendation system,
which will provide API to client side apps. Recommendation function added to
the class as network routing using POST method. It accepts two parameters in
JSON type sent in requests body part: course_id and interest. When queried
request with the first parameter , then recommendation function was triggered
to predict by course id, and a list of courses was sent in the response. The same
situation with the second parameter, but the only difference is now
recommendation by interest of user is generated. If both parameters are missing _
or empty, then the response wrapped in an error will be returned. After that,
code was committed and pushed successfully to cloud based web-hosting server

Heroku. (See Appendix A, Figure A-3)

web development,

one drop at a time

Figure 9. Flask Logo
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Chapter o

Implementation

5.1 Data

The data was taken from an open source as a basis collected by Pluralsight
last 20 years [7]. In Table 3, the top 5 rows displayed are sorted in descending
order by the date the course was released. It consists of 13384 rows and 7

columns about the course, with following features:

e Courseld - unique identifier for every course

e Course Title - name of the course

Duration In Seconds - contuation of course in seconds per week

Released Date - course first announced date

Description - detailed explained information about the course

Assessment Status - course position for evaluation, values as Live or None

e Is Course Retired - information if the course is out-of-date, valued as yes

or no
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Table 3. Courses data first 5 rows

AssessmentStatus | IsCourseRetired ;

Soconds te

Durationln ReteaseDa

Dascription

P

!

Courseld CourseTitle
fostering-effective- Fostering ’
team-collaboration- Eftective Team
communication Collaboration and
Communication
sap-mm- SAP MM
fundamentals- Fundamentals for
beginners Beginners
i
windows-server-2022- | Introduction to
intro-exam-az2-800-cert | Exam AZ-800:
Administering
Windows Server
2022 Hybrid Core
Infrastructure
dot-net-6-bel-blg- NET 6 BCL: Big
picture Picture
getting-started- Getting Started
google-kubernetos- with Google
enghie-6 Kubernetes
Engine

9320 2021-12-1
0

3496 2021-12-1
0

2375 2021-12-1
0

1510 2021-12-1
0

10212 2021-12-0
9
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This course Is for any None

manager who Is
interested in buildinga |
communication plan !
and leading a sell- ;
managing team. (n this
course, Fostering
Effective Team
Collaboration and
~Communication, you ;
will learn scenarios and |
techniques to overcome |

Learn the basics of the  None

SAP Materlals
Management (MM). The
course consists of basic
overview topics in i
material master, master |
data, procurement, and
_Inventory management.
With graphics and
through demos ina...

The Windows Server “None

Hybrid Administrator
Assoclate certification
validates your systems
administration skills with :
Windows Server in both
on-premises and
Microsoft Azure cloud
environments. {n this

 course, Introduction to
Exam AZ-800:
Administering Windows

. Server 2022 Hybrid
Core Infrastr,..

You can create different |
types of applications
and librarles with NET
6. In this course, .NET 6
BCL: Big Picture, you'll
learn how tha'BCL lets
you reuse capabilities

. across application

. typos. First, you'll
axplore how the NET 8 |
BCL Is differe...

In this courss, each ; None

_module aims to bulld on
your abllity to Interact
with GKE, and Includes
hands-on labs for you to

_ experience

 functionalities first- |

- hand. In the first |

. module, you'll be i

: introduced to a range of |

| Google Cloud... :

None

“no

:



5.1.1 Data analyze

Before starting to work with the data, it was decided to investigate them.
This is necessary to get rid of noisy data and select columns that will help with
evaluation and that will participate in building an efficient model. I need to
understand when courses started to realize and how many courses have been
released annually. Figure 10 shows that the first courses were implemented in
2003 with the amount of 13 subjects and every year the number of courses
increased. In 2013, the number of announced courses increased to 1000, and
until 2018 it was changed negligibly. The maximum number of courses reached a
peak in 2019-2020, assumed when the whole world switched to online learning.
The pie chart in Figure 11 illustrates the ratio of actual courses to the retired
courses with just over a half, which means it is necessary to drop a significant

fraction of the courses from the list.

Released courses count by year

2500 5 S mR g
2000 0 0 T
1500 et i e ;;...;v_
1000 BB Ralk i
500 I | I
M S 0 O M~ 0O 0 T NM <t 0 © M~ 0 O O T
o O 0 O © O O = = e T T o= v N QN
SSSSSSRSRIRL|RIRKIRRRER
Released Date

Figure 10. Released courses quantity by year
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Retired

48.4%

Actual

Figure 11. Comparison of actual and retired courses

The importance of the duration of the course can also influence the choice
of the course, how often student can devote time per week. The histogram in
figure 12 presents information about the average duration of all courses which is
7170 seconds, the median number placed in the center of values is equal to 6328
seconds and the mode - the popular period of durations is 5751 seconds or

equivalently an hour and a half.

0 10000 20000 30000 40000 50000
DurationInSeconds

Figure 12. Statistical data for the duration of courses
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5.1.2 Data preprocessing

A. Data Cleaning. It increases the quality of data and makes it easier to get
useful conclusions from data. Cleaning and arranging raw data to make it
acceptable for creating and training machine learning models are referred to it.
The following steps describe the way of normalizing data cleaned from noisy and

missing data:
e Drop retired courses as explained on part 3.3

o Combine course id, title and description into one text
e Convert all letters to lower case

e Replace ‘Il with empty space

e Remove all numbers

e Remove all punctuations and characters

e Remove all null values
e Remove stopwords - common used phrases

e Lemmatization - remove the endings from the words and return the basic
form of the word, known as the lemma.

After these steps amount of rows was halved and now it is equal to 6908
rows. Further, data became cleaner and might be passed to the next step

B. Vectorizing - transform text to vector numbers to make the calculation
easy. Machine learning models accept numbers and matrices instead of texts or
other types of data, since they all use mathematical computational operations.
In this research two approaches being used to achive it: Bag of words (BOW)
and TF-IDF. Bag-of-words, as explained by written, 18 representing a bag where
collected words that indicate text for various calculations, feature represented as
frequency dictionary - values appeared count in content. TF-IDF ( term
frequency - inverse document frequency) is & metric which rates importance of
words in corpus, document and used to analyze textual information. After the
texts are converted into numbers, data can be passed to the model and make a

recommendation system.

5.2 Model

Now it’s time to build models using preprocessed data, and first of all, I use
the K-means technique (as was written in section 3.2.3, this model divides data
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into clusters). To run K-means, the necessary class was imported from'sklearn
library, and it requires parameters such as cluster size, iteration size, and initial
centroid number. To begin with, the model has been fitted with data and run
with default values - 8 clusters, 300 iterations, and 10 initial centroid seeds
respectively. [21] Although my task was to find an optimal number of feature
parameters to construct an efficient recommendation system algorithm. To
achieve this goal, I iterated the model on different clusters from 1 to 30, the
result was measured by the SSE metric. Experiment with K-Means model held
with data which was vectorized with different technologies: TF-IDF, BOW.

Consequently, another approach, called LDA (Latent Dirichlet Allocation)
used to run data, class was imported from gensim library. LDA model also was
trained using technologies like TF-IDF and BOW, additionally Trunkated SVD
(Singluar Value Decomposition) matrix. LDAMulitcore class takes as a
paramater this technologies as well as number of topics, parallel works size and

pass count.

5.3 Evaluation

Trained K-means and LDA models and a bunch of experiments need a
quality estimation. Like the previous point evaluation will be started on
k-means model. The line on Figure 13 below illustrates sum-of-squared errors
change over cluster size. With regards to the count of clusters, SSE falling
dramaticaly to about 800 unit. This illustration is also called Elbow method,
where SSE is decreasing slightly is a valuable point to choose final cluster size.
Moreover, the Table 4 compares different cluster parameters and according to
the results of the error, we can say that 30 clusters show better result. Hence,
top keywords for each cluster were displayed to understand that is truly result

and Table 5 shows 7 best terms of first 5 clusters.
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sum of squared error

0 5 10 15 20 25 30
Number of clusters

Figure 13. SSE ratio to cluster size (Elbow method)

Table 4. Model comparison

Parameters
Cluster size 8 30
Tteration count 100 500
Centroid initialization 8 15
SSE 7583.8 | 7015.9
L__,——’——/’-_Lf
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Table 5. Top of the list of clusters results

Cluster 0 | Cluster 1 Cluster 2| Cluster 3 Cluster 4
modeling | network azure data test
tools router cloud hadoop studio
rendering protocol | storage science unit
components docker virtual big automated
effects access aws course framework
animation cenp services analysis penetration
techniques comptia database \lisualisation verification

Apart from that, LDA model also was trained with different corpuses and
model outputs coefficents of each term by the related topics (Figure 14).

Results predicted from BOW model.

Score: 0.5170942544937134
Topic: 0.034%"data” * 0.020%"play” + 0.016x"creat” + 0.013%"work" + 0.012+" fundament”

Score: 0.46329399943351746
Topic: 0.062x"data" + 0.023%"design" + 0.022%"build" + 0.015%"youll" + 0.013%"visual"
Results predicted from TF-IDF model.

Score: 0.664462685585022

Topic: 0.019x" azur" + 0.010%"youll" + 0.009*"m1cr050ft“ + 0.008x"databas" + 0.008%"data"

Score: 0.2984499931335449
Topic: 0.010%" azur" + 0.009%"youll" + 0.009%"data" + 0.008%"secur" + 0.007x"network"

Score: 0.023114796727895737
Topic: @.012%"azur" + 0.007*"secur" + 0.007x"youll" + 9.007+"oracl" + 9.007%"manag"

Figure 14. Coefficients score for BOW and TFIDF approaches

5.4 Prediction Visualization

In addition, decided to make an application on different platforms such as
Android, 10S, and website-browser where other people can write their interests
and get recommendation cOuUrses by this system. Also, the application will
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recommend subjects by course id, if a student wants to get similar subjects. To
accomplish this idea model is necessary, but the model was written using Python
language on Anaconda/Jupyter distributive and the application will be written
in other languages. So the model will be saved using the pickle serialization tool
for future usage, also each course will be checked by recommended cluster for
comparing incoming applications. The recommendation will be provided to an
application by API written also in Python, but with the help of Flask
framework which gives easy backend query handle. To visualize prediction chose
the Flutter framework as it allows to write one code and build one UI using
Dart language for every platform listed above (See part Tools). Summarizing
the above, user actions will be as follows (Figure 15 - Figure 23):

1. The application gives choice to recommend by interest or similar course

9 If the user chooses a similar course, a list of courses will be displayed with
a feature to filter by searching id of course.

3. When the user selects the course he wants, API will obtain results by
recommendation model and displays a list of 10 items

4. By selecting any course full description will be shown to the user

5. If the user wants a recommendation by interest, he needs to write text
with at least 100 symbols, and request an API, hence steps 3 and 4 can be

repeated
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Step 1

Released Date: 2021-06-08
Caration: 11177 seconds

Description:

Initially using Git can seem intimidating and i's
unciear how o start. In this course, DevOps
with GitHub and Anze implemeanting Source
Control with GRtHub, you'll leam o fully utifize
Git and how to extend to GitHub for a central
repository that can be shared. First, you'll
explore the fundamentals of Git and its key use
cases. Next, you'll discover how to use
branches. Finally, youll learn how to use Git as
a means to work with others on a project.
When you're finished with this course, youl
have the skills and knowledge of Gil needed to
fully embrace its use iin your projects.

Step 4

¥t o jow want 1 lear?

Step 9

azure-implermnenting-cicd-github-actions

DevOps with GitHub end Azure: Tha Big Picture

DevOps with Github and Azure: Implementing Release
Strategles with Azure

EevOps wath Gitiub and Anse
- Implesnenting nfrastructize

DevOps with GitHub and Azure: Implementing Softw
Supply Chain Security with GitHub -

DevOps with Github and Azure: implementing Packege
Management with GitHub

Dev0ps with GitHub and Azure: implementing Source Control
with Gl

Securing Your GioHed Profect

Getting Started with GitHub Actions

Open Source Your GitHub Project

Step 3

Wit do you wars fo learn”

Hawe you ever wanted to use your Photoshop,
Blexstrator, or othes Adobe Creative Cloud sialls
withiin Animate CC? in this course, Animate CC
Creative Cloud Workflows, you'll learn the basics
of how to work within an Animate CC project, and

Enter minimum 100 symbols

4

> then 1
1 2 3 4 s 6 y TR 0 o
qwertyuiop

asdfghijk.

¢ zxcvbnmg@&

M3 ., B

Step o

Figure 15. Recommendation application steps on Android
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Figure 16. Recommendation application on Web Step 1

ouLe 4 Recommendstion Treien +
6o O3

Figure 17. Recommendation application on Web. Step 2
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Recommendation application on Web. Step 2
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e 19. Recommendation application on Web. Step 3
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Figure 20. Recommendation application on Web. Step 4
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Figure 21. Recommendation application on Web. Step 5
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Chapter 6

Conclusion

This chapter summarizes the whole research with its matter findings related to
aims and motivation. The goal of this work was to make a recommendation
system that offers courses to students based on previous subjects or their
interests. An intuitive, user-friendly, and adaptive application was designed and
built to achieve the purpose, it was constructed on multiple platforms (I0S
Android operating system mobile phones, and Web-based browser) so that "che

student could use it on any device.

Based on all of the above, we are confident that creating a university
recommender system is significant yet nowadays. This task will help students
find a course that suits their abilities by simply writing down the notes.
Research work analyzed many similar articles to have a complete understanding
and study their problems and limitations. The investigation method is to
determine a more accurate cluster and output the corresponding rate, also
improving the previous method to get a more detailed clustering model.
K-means methodology was applied with multiple parameters and experiments to
divide all courses into corresponding clusters. Dataset went through multiple
cesses to be norimalized, after that TF -IDF and Bag-of-words approaches are
data into numerics. Data went through multiple cluster
sizes and also experimented by adding the TruncatedSVD model. LDA. Then it
passed to LDA technology and the K-means method to learn to cluster from
data. These models showed almost similar results, and k-means presented
slightly better outcome with 30 clusters and sum-of-squared errors metric.
Elbow method helped to choose optimal number of cluster size, and
subsequently were chosen to solve further recommendation issues on application.
when you need to predict a course category with a

fairly complete description of the subject and a description of the student’s key
skills, as the sum of connectivity and root-mean-squared depends on it. Courses
with a fewer frequency not being able to correspondent satisfying comparison.
Hence in future work, there is an idea to improve by gathering key phrases of
each sphere. In addition, I would like to analyze the dataset from the University

pro
used to vectorize textual

This model works well

48



of Suleyman Demirel and add a script of recommendation to their portal and
ensure the recommender system works well on the level of each university.
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Appendix A
Apendex A

def preprocess_text():

course_text = course_text.replace("'11", " ")
course_text = course_text.replace("-", " ")
course_text = re.sub(r'["A-Za-z J+', '', course_text)

course_text course_text.lower()
1emmatize_text(course_text)

course_text
course_text = ' '.join(map(str, course_text))

return course_text

il

Figure A.l Preprocess text

def run_model(X):
initial_centroid =8
cluster_size = 100
iteration_size = 500
init_method = ‘k-means++'
model = KMeans(n_clusters=cluster_size,

model.fit (X)
return model

init=init_method, max_iter=iteration_size, n_init=init

cluster_number in range(1, cluster_size):

for
model = yun_model (X)
labels = kmeans.labels_
sse[cluster,number] = model.inertia_
def plot_kmeans_result(sse, cluster_size):

plt.figure(dpi=300)
plt.plot(cluster_size, sse)
plt.xlabel("Cluster size")
plt.ylabel("Sum of squared error")

def get,cluster_top_terms():
centroid_points = model.centroids.args()

for index in range(cluster_size):
print(centroid_points[index])
keywords = [1
for point in centroid_
keywords.append('%s
return keywords

points[index, :]:
' % features [point])

def save_model(model):

pickle.dump(model, 1wb'))

open('frozen_model.sav',
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def get_predicted_cluster_custom_text():
Y = vectorizer.transform([test_text])
predicted_cluster = model .predict(Y)
return predicted_cluster

Figure A.2 Building a K-Means Model

import json
from flask import Flask, request

import utils

app = Flask(__name__)

@app.route('/recommend', methods=['POST'])

def recommend():
event = json.loads(request.data)
.get('course_id')

course_id = event
('interest')

interest_text = event.get
if course_id is not None:
courses = utils.recommend_by_course_id(course_id)

return ‘[* + ', ', join(map(str, courses)) + ']’

elif interest_text is not Nomne:
courses = utils.recommend_by_interest(interest_text)
return '[' + ', ', join(map(str, courses)) + '}’

else:

return "{'error': 'Choose recommendation type'l}"

@app.after_reqnest

def after_request(response):
header = response.headers
header['Access—Control-Allow—Urigin'] = !

return response

*l

if __name__ =% ‘__main__':

app.run()

Figure A.3 Flask API to recommend from frozen model
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Appendix B
Apendex B

What do you want to learn?




Entes course id

communication
sap-mm-fundamentals-beginners
windows-server- 2022-intro-exam-a1-800-cernt
dot-net-6-bc)-big-pichre

O] GUSPTECTR— TR

CLIM- (W -1iRS - S2CD-Cort
supply-chain-management-overvaew

sap-fundarnentals-begnners

ErECE-CrEg - COTAL - S TEsS

S power-platform-
azure-analysis-services-logic-apps

sap-sd-fundamentals-beginners.

Step 3

Recommended Courses by visual-
$i0-2022-big o
Wmad St XTI B4 Pctoe

Sharing Effective Visual Forecasts

Deep Dive: Conferences, Guides and Visual Studio
Code Extension

Vel Comprution ne Lajouts
By Roure Tl Desgn

Application Testing with Anure DevOps and Visual
Studio 2019

Testing NET Code o Viszal Studo 2019
Aoances Detxgpog eh Visnsl Stuo 2610
Code Sty on Winw Saurso 2019

VELAET Fumtane s

Step 4

Visual Studio 2022: Big Picture
Courze ik visual- shucio-2022- big-picture
Released Date: 2021-12-10

Duration: 1640 seconds

Description:
Selecting the right integrated

t Environment (IDE) for your
software development is hard. In this
course, Visual Studio 2022: Big Picture,
you'll learn how Visual Studio 2022 can
help you with software development.
First, you'll explore how Visual Studio fits
in the Microsoft ecosystem. Next, you'll
discover the

release cadence and
editions of Visual Studio. Finally, you'll
learn what functionality Visual Studio
provides. When you're finished with this
course, you'll have the knowledge of
Visual Studio 2022 needed to know why
and when you should use it.

Step 5

Figure B1l. Recommendation application steps (ios)
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Figure B2. Recommendation application steps (web)
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