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Abstract

This paper has been written as part of my studies in Business Information Technology at
the Haaga-Helia University of Applied Sciences. The following research corresponds to my
bachelor thesis. The goal of this paper is to present and comment the development of an
adaptive study management platform that uses different sub-fields of artificial intelligence.

In collaboration and with Dr. Amir Dirin, we decided to resume the original idea and work of
Dr. Laine and himself “Towards an Adaptive Study Management Platform: Freedom
Through Personalization”. We put the theory into practice and developed a solution for
both teachers and students regarding study in general.

The project we developed is a full stack application composed of several layers. Its archi-
tecture is a three-tier architecture that includes a presentation tier, a logic tier and a data
tier. The project includes a mobile application for students to study, an adaptive website for
teachers to manage their courses, a back-end server with an APl and a NoSQL database

to save and store the data.

The objective of this solution is to provide students a modern and new way to study and
teachers an adaptive and proactive way to teach. The end goal is to apply artificial intelli-
gence sub-fields such as data mining and machine learning to provide students a person-
alized study path recommendation.

The following paper covers an introduction part, research questions and methodology, dis-
cussions about related research, a design and implementation part, results to some study

and test cases alongside with a general discussion and recommendations.
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1 Introduction

Nowadays, smartphones are widely used and the further we go in time, the more powerful
and convenient they become. While it was only used to make phone calls 20 years ago,
smartphones are now used for everything in a daily basis. There are millions of mobile ap-
plications available on the market allowing you to do almost everything. You can order
food, control your TV or learn new languages simply with your smartphone. Smartphones

are slowly becoming the best human companion.

Smartphones bring some new tools and methods to do things along with new technolo-
gies. They offered new opportunities in different fields such as the sales area with e-com-
merce and online shopping (M., 2017). Therefore, there is no reason that teaching doesn't
take advantage of this new technology and all the opportunities it has to offer.

Students spend more and more time on their smartphones and less time studying. In this
paper, we thought about a new and different way to provide learning content to students.
Instead of asking them to come to classes and give them paper materials, we want to of-

fer them the possibility to learn and study at their own pace at their preferred moment.

To do that, we want to supply them courses materials directly on their smartphone. By do-
ing that, we ensure that students will be able to study when they want and what they want.
We release them from the original constraints of being present at a specific day in the

week at a specific time. They are now able to study 24/7, as much as they want and as of-

ten as they want.

Every student is different and has their own preference regarding the time they want and
need to spend on some theory slides and exercises as well as when and where they want
to do it. By providing them course content on their mobile phone, we offer them the possi-

bility and freedom to study whenever they want.

In addition to that, we are now able to retrieve every piece of information regarding a stu-
dent and his learning profile. We can retrieve data regarding his progression, performance
and interest for each course he is involved in. That is something we simply cannot do us-

ing the traditional method where we teach simultaneously 30 students at the same time.

This new way of teaching and learning is both profitable for students, who find themselves
freer in their studies and for teachers, who can track every student information and can

adapt their teaching method and course content.



Data is extremely important and precious. As we retrieve it, we do not simply can use it to
track student progress and adapt course content but we can also use it with artificial intel-
ligence to provide each student personalized study recommendations.

Students who are engaged in a degree’s program have to choose courses every semester
for the next one. It is not always easy as they often don’t know exactly what they want and
they don’t know exactly what best suits them. We often see students choosing courses
that they finally drop because they realize that they don't like it and that is not what they
want to do. It is perfectly normal and it is part of the life but it would be much more inter-

esting if they could immediately find what they like and what they want to do.

Every degree’s program is composed of different paths that contain a lot of courses. Each

course is unique but courses that belong to the same path are often pretty similar.

The goal of this thesis is to determine which path is the most and the best suited for each
student so we can ensure that they choose courses they will like and that meet their ex-
pectations in order to avoid a potential reorientation.

Based on the data we collect and with the help of artificial intelligence and machine learn-
ing, we can recommend the study path and courses to students.

In addition to that, we provide teachers a new and different way to give lectures. Via the
website we developed, teachers can create lectures, add external links as resources and
create quizzes. They can gather these resources per week that they can also create,
modify and delete. For each course, teachers can have a quick and detailed overview of
participants’ results, progression and commitment. Based on that, they can quickly and

easily contact students and/or adapt their course.



2 Research questions and methodology
2.1 Questions

This thesis tries to answer multiple questions as we don'’t only focus on the mobile learn-
ing and teaching methods but also on the data processing and the use of artificial intelli-
gence.

However, the following questions are directly related to this study:

¢ How to provide a study path recommendation for students with the help of artificial
intelligence?

e How to transform a student learning activities and experience into indicators for
teachers?

e How can teachers adapt their teaching methods based on students’ learning out-
comes?

e How can a mobile application help and motivate students learning and studying?

In order to answer these questions and try to find solutions and opportunities, we devel-
oped a mobile application for students where they can access course content such as
PDF lectures, videos, website links and quizzes. We decided to focus on the Business In-

formation Technology Degree’s program dispensed at Haaga-Helia.

We created three different modal courses from three different paths. Firstly, we offered an
introduction course on the JavaScript programming language. This course belongs to the
“programming” path. Secondly, we proposed a course on UX Design that typically belongs
to the “design” path. Finally, we created a course on Project Management that focus on
Agile & SCRUM methodologies. This management-oriented course belongs to the “busi-
ness” path.

Each course spans 5 weeks. Every week, there is content theory, videos, additional lec-

tures and quizzes.

2.2 Methodology

2.2.1 Testcase

In order to test the application’s algorithms and to prove that its recommendation system

was correctly working, we also run a series of tests with sample students. The last test we



ran was a test case where we created 25 different students and inserted them in the data-
base with random values as data.

We simulated a typical class composed of different students with different skills and abili-
ties. We wanted to verify that the recommendation the application would make was cor-
rect and plausible. We used these students as a sample of our target population. We
needed to prove our previous results and that the application was working as we ex-
pected.

i Firstname pglLastname pg|Student numbe g Email

2 Lydia Pace 1572960 iydia. pace@emall.com JavaSeript il 5000 @0 & o [

5| UX Design W =500 A0 @ T 2

. Aglle project managemenil 1000 & 20 & 10 -

5 sama Erickson 1572961 salma. erickson@emailcom  JavaScript il 6000 A & o

sl UX Design Wl 4000 @ 80 @ 80 2

B Aglle project managemenifl | 2000 # 80 & 80 -

o Mckolas  Moran 1572062 nickolas. moran@emall.com  JavaScript il 5000 0o & o [N

s Ux Design [ R I 2

; sk oo RGO ¢ 0 % o |

1y Madelne  Mendez 21572063 madeline. mendez@email com JavaScript o e oos & o5 [

2l UX Design il 5000 M 100 = 50 2

- Aglle project managemenifl | 2000 & 20 B 30 e

1 Giselle Harrison 21572064 giselle. harrison@email.com  JavaScript il 1000 & 20 B 30 e

il UX Design il 2000 @ 40 B 60 2

1 Agile project managemenijl] | 2000 o0 & 9% I

17 |Raegan Miles a1572965 raegan. miles@email.com Javascript -00 = 50 = 50 -

» Ux Design L 2

@ Agileprojectmanagemem_ # 10 a 70 -

20 M2 Vilegas 1572086 miavilegas@email.com  Javascript W e = os0 & s [

2 Ux Design ETE0 0 & w 2

= Agileprojectmanagemenl_ 95 f 85 -

2 Acam Brancn 1572067 adam branch@emailcom  Javascript iS00 a0 & 2 [E

24 UX Design -oo f s2 H 80 -

= Agileprojectmanagemem-oo # 81 80 2

26 L2 Alevander  a1572988 luca alexander@emailcom  Javascript il 6000 @ s & s [EN

z Ux Design e w0 & W 2
Adlle profect management il 6000 2 s0 & s [N

I - I ~ L

Figure 1 : Sample students data

lydia.pace@email.com JavaScript i 90 i 90 -
UX Design - 3500 & 80 ) 70 2
Agile project management I 1000 W 20 "] 10 -

Figure 2 : Student 1 data
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globalResults : Array

quizrResults :Array
timesSpent
done : Array
percentage : 28

v @

Figure 3 : Student 1 in the database

As we can see in the figures above, we generated different values for each course and for
every student and ranked their favourite courses by these values. We left the recommen-

dation column empty and logged in the application after inserting the data in the database
in order to check what the system recommended to that specific student.

Next, we wrote down the course rank in the recommendation table in the application. We
were then able to compare the student real preference and most optimized recommenda-
tion based on a human interpretation of these values and what the system actually recom-

mended. The goal was to prove that the system, without any help, would recommend the



same courses in the same order as what a human would recommend. It would be the
proof that the algorithm is correct and the artificial intelligence has been rightly imple-

mented and works correctly.

The results of this test case will be discussed later on this paper in the results section.

2.2.2 Study case

To conduct this research, we offered this application to 5 users who were all students of
the Haaga-Helia University of Applied Sciences. Their mission was to test the usability
and user experience of the mobile application. Students were in the first or third semester
of their studies.

Firstly, users had to answer 3 pretest questions such as “Have you already used your
phone for educational purposes ?” or “From 1 to 5, how confident are you using new appli-

cations ?”.

Then, students had to do nine different tasks to test the usability. Some test cases were
given to them. Test cases included: log in the application, search a course, open any PDF

for that course, take a quiz, check progress, etc.

Finally, users had to answers different questions on a post-test interview regarding the us-
ability and user experience. Some questions included: “What features did you think were
the mostimportant and useful for you ?” or “Was there something you found difficult or
frustrating ?” but also “What was your general impression of the app ?”, etc. In addition to
that, users had to grade from 1 to 5 how accurate the app was to some adjectives such as
fun, interesting, boring or complicated. In this post-test interview, students also gave their
suggestions and recommendations. They also graded how likely they would use the appli-

cation if it was currently available.

The goal of this post-test interview was to determine whether the application would be a
helpful addition to the students’ daily life. The tests were supervised by a note taker that
had for mission to tracks time students spent on the different tasks and take note about

the users’ body language. The only consign they received was to test the application us-
ing the given credentials and to take notes if certain tasks would happen to fail.

The results of this research will be discussed later on in this paper in the results section.
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3 Related research

This thesis is based on the paper “Towards an Adaptive Study Management Platform:
Freedom Through Personalization” (Dirin & Laine, 2018) from Dr. Amir Dirin and Dr.
Teemu. H. Laine. The paper from Dr. Dirin and Laine tries to propose a common and
adaptive platform for both students and teachers to personalize study management and
provide analysis services regarding students. Our research paper focuses on the second
and third phases of the mentioned research which are when the student start studying at
the university and when he has to select a study path.

Before . Starting
Semester "~ studies the
Starts university

Figure 4 : The 3 different study phases based on Dr. Dirin and Laine's research (Dirin &
Laine, 2018)

Some other papers mentioning the problematic of teaching and studying in a mobile

context that are worth a read :

& “Mobile learning: A framework and evaluation” by Mr. L. Motiwalla

& “Guidelines for learning/teaching/tutoring in a mobile environment” by O’Malley,
Vavoula, Glew, Taylor, Sharples, Lefrere, Lonsdale, Naismith and Waycott

& “The Evolution of Mobile Teaching and Learning” by Mr. Guy Retta

& “Mobile Learning: Teaching and Learning with Mobile Phones and Podcasts” by
Mrs. A. Moura and Mrs. A. Carvalho

& “The incorporation of mobile learning into mainstream education and training” by
Mr. D. Keegan

The first paper wrote by Mr. Motiwalla explores the learning behaviour of mobile learning

and experiential learning. Mr. Motiwalla performed on-site observations on youths in a

11



College Exploration Camp in Taiwan. He wanted to evaluate the effectiveness of learning
when combining mobile learning with experiential learning activities.

“The Evolution of Mobile Teaching and Learning” is a book written by Mr. Retta that en-
compasses three different sections. The first one includes different detailed definitions of
mobile learning and provides theoretical background of distance education. The second
section shows results of pilots, projects and trials relevant to the use of mobile teaching
and learning. Finally, the last part assesses the future of mobile education. This paper-
back is a very detailed and complete work.

The research paper from Mr. Keegan provides definitions of mobile learning while pre-
senting major projects and giving examples of incorporation of mobile learning into the
mainstream. This research paper is a good introduction on mobile learning as it is a well-

popularized approach on mobile learning in general.

Some papers addressing the question of how to recommend/suggest something with the

help of the artificial intelligence or based on big data :

& “Personalized Links Recommendation Based on Data Mining in Adaptive Educa-
tional Hypermedia Systems” by C. Romero, S. Ventura, J. Delgado and P. De Bra

< “A music recommendation system based on music data grouping and user inter-
ests” by H. Chen and A. Chen

& “Knowledge warehouse: an architectural integration of knowledge management,
decision support, artificial intelligence and data warehousing” by H. Nemati, D.
Steiger, L. lyer and R. Herschel

& “Artificial Intelligence and Environmental Decision Support Systems” by U. Cortés,
M. Sanchéz-Marre, L. Ceccaroni, |. Roda and M. Poch.

The article “A music recommendation system based on music data grouping and user in-
terests” is my favourite one from the list above as it is very similar to what we tried to
achieve with this paper. The only difference lies in the fact that it involves music instead of
learning. However, the recommendation system is pretty similar.

Mr. H. Chen and Mr. A. Chen designed a music recommendation system that provides
personalized service of music recommendations. We did the same with a personalized
service of courses recommendations. Mr. Chen analysed users’ access histories to derive
user interests. They used content-based, collaborative and statistics-based recommenda-
tion methods. In addition, they carried out a series of experiments in order to prove that
this approach is feasible.

It is an extremely interesting paper that is definitely worth a read. It helped me a lot when
thinking about the design of the application and the recommendation system. Also, it moti-
vated me to continue this research.
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“Personalized Links Recommendation Based on Data Mining in Adaptive Educational Hy-
permedia Systems” is a paper describing a personalized recommender system that uses
web mining techniques for recommending a student which links he should visit next. They
present a specific mining tool and recommender engine that they integrated in the Aha!
system in order to help teachers to carry out the whole web mining process. They re-
ported on multiple experiments with real data to prove the suitability of using mining algo-
rithms for discovering personalized recommendation links.

This paper is far more complex than the others and goes deeper in details in the mining
algorithms. What is interesting, though, is that the authors integrated their recommender
engine in a system used by teachers. The recommendations are intended for students like
our project.

The scope of the related research to our paper can be quite large at it includes several
guestions and addresses several themes such as the mobile teaching/learning and the

help in decision-making based on raw data with the help of artificial intelligence.

Except from the original research from Dr. Dirin and Laine on which this research is based
on, there is no other research that treats all these themes at the same time. However,
every research paper speaking about mobile learning or recommendation and suggestion
based on data collected can be related in a way to this thesis and therefore is interesting
for us.
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4 Design
4.1 Mobile Application

Regarding the design of the mobile application, we tried to stay clear, sober and straight-
forward. Every big theme such as the course overview or info or achievements is ad-
dressed its own specific screen. Each screen includes required details but no unneces-
sary information. The goal of the application is to stay straightforward and simple. For that,
we used a sober and basic design.
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Figure 5 : Samples of phase 2 prototype screenshots designed by Dr. Dirin and Laine
(Dirin & Laine, 2018)

The way the navigation works is similar to the existing navigation students already know
with Moodle on their computer. There is a dashboard screen with all the students’ courses
listed and that can be accessed with a simple click. The idea was to give the student an

overview of all his courses and to gather all of them at the same place.
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Password

LOG IN

Don't have an account yet ?

SIGN UP

Figure 6 . Log in screen
The figure above shows the log in screenwhich is also the welcome screen. When you
open the mobile application, you end up on this screen where students have the possibil-

ity to log in using their email and password as credentials.

If the student doesn’t have an account yet, he has the possibility to sign up and create an
account instead.
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First name

Last name

Student number

Password

Repeat Password

SIGN UP

Figure 7 : Sign up screen

The figure 4 shows what the sign up screen looks like. It is a simple form that the student
has to fill in order to create an account.

The student has to write his first name, last name, student number, email address and

choose a password. Once it's done, the student can click on the “sign up” button and will

be redirected to the sign in screen where he will be able to log in.
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< Dashboard

Agile project management >
JavaScript Introduction >
UX Design >

Figure 8 : Dashboard screen

Each course has its own screen. The content, details, information, achievements of the
course can be accessed via the bottom tabs. That is a quite easy and practical way to split
the information and a quick and easy way to navigate. At the top of every screen, there is
a title that indicates where the user is (which tab, which course and on what he clicked

on).
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< Overview

JavaScrlﬁglnt%l@

Monday

-1 |ﬁ

R 1

K N\
Week 1 We

(B Introduction (B Data Types
[} Console [R Variables

& JavaScript - Wikipedia & Datatypes
& MDN - Console.log() & Variables

® Quiz 1 ® Quiz2

OVERVIEW

Figure 9 : Example of a course screen (JavaScript Introduction)

The overview tab of the course is split in 2 parts. In the top part that we can call the

header, we can find basic information about the course itself such as the name of the

course and its schedule including the day and the hour the course takes place. At the bot-

tom left of the header, a progress bar indicates the students its progress for that course

only by giving him the percentage of what he has accomplished.

The bottom part, that we can call the body part, contains the course content that is sepa-

rated in weeks. Here again, we tried to keep the same structure as what students can cur-

rently find on Moodle. The course content is split into weeks and each week contains its

lectures, links to external resources and quizzes. For the weeks we used a horizontal
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scroll bar as it is more convenient, practical and user-friendly than a screen for each
week.

The infos tab contains all information about the course itself. That includes the teacher’s
details such as its name and email in case the student need to contact him. It also con-

tains the course description which includes the code, scope, timing, language, level and
type of the course. The objective of the courseis also described in this screen.

< Infos
A Y | | ™
© Digital S@ice ign
6
Teacher

Name : Amir Dirin
Email : amir.diring@haaga-helia.fi

Course Description
Name : Digital Service Design
Code : DIG4ATF021

Scope : 5 ECTS

Timing : 3rd Semester
Language : English

Course level : Profile studies
Course type : Elective

Objective

Upon successful completion of this course, the student
should be able to understand how to create better services
by utilizing existing technologies and API's along with
graphical design theories and principles.

INFOS

Figure 10 : The infos tab giving the course's information

The achievements tab gathers all quizzes’ results. Here, the student can see what he has
done and how good he has done. In addition to that, the student can discover the time he
spent on that course reading lectures, taking quizzes, etc. An average percentage is cal-

culated based on the results of every quiz he took.
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< Achievements

Results
Quiz 1 20 %
Quiz 2 50 %
Average 35%

Total time spent

0 hours 20 minutes 28 seconds

ACHIEVEMENTS

Figure 11 : The achievements screen with results' details

The quiz screen display all the questions and their possible answers. Questions are multi-
ple choice questions. They all have four possible answers but only one is correct. The

number of possible answers or questions is unlimited and can be dynamically adjusted. At
the bottom of the screen, there is a fixed submit button that is used to submit the quiz an-

swers when the student has filled it.

Note that the questions and their answers are mixed every time and therefore for each
student. No student will have the exact same quiz as his colleague. The question 1 could
be question 3 for another student and the order in which the answers are displayed is al-
ways different. This is done on the client side of the application.

Apart from that, the student can only take the quiz once. The number could be changed
based on the needs but when the user opens the quiz, this information is sentto the
server and saved in the database meaning that the student cannot retake the quiz as
many times as he wants to modify his result.
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< JavaScript Introduction - Quiz 1

What is JavaScript ?

@ A programming language

O A request language

O An exstensible markup language
O A markup language

Select the correct syntax to print the text "Hello" in the
console.

O consolelog("Hello")
@ console.log("Hello");
O console.log["Hello"];
O console.log(Hello);

In the browser, what is the keyboard shortcut to view the
console ?

(®F9

() F10
()

SUBMIT

< O O

Figure 12 : Quiz screen with multiple-choice questions

After taking the quiz, the student will not be asked to answer the questions again but will

see his answers and his results the next time he clicks on the quiz link.
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< JavaScript Introduction - Quiz 1

Results : 2 of 3
Percentage : 66.67 %

What is JavaScript ?

A programming language

El A request language

|:| An exstensible markup language

D A markup language

Select the correct syntax to print the text "Hello" in the
console.

|:| consolelog("Hello")
console.log("Hello");
[] console.log["Hello];
D console.log(Hello);

In the browser, what is the keyboard shortcut to view the
console ?

B3 r
[] F10

(] F11
F12

Figure 13 : A completed quiz with correct answers
Each lecture or external link opens in a different screen but in the same application.
Therefore, the user doesn’t exit the application and information regarding the time he

spent reading the material can still be recorded and saved. Also it eases the navigation
and makes the user experience friendlier.
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& Therise of Digital Service Design €  The rise of Digital Service Design

QOver the years, UX design, or at least UX
Clearleft designers, began to specialise in the digital
channel—possibly because it was new and
exciting, possibly because that's where the most
demand was. They designed websites. They
designed smartphone apps. They designed digital

The Rise Of Digital kiosks, and all kinds of digital products and

° ° services. They were still interested in the gaps
serVIce Des'gn between channels, and understanding the entire

user journey, but as everything was starting to

OPINION
become digital, the bulk of their effort went there.

More and more people started joining the
— industry, buoyed by high demand and even higher

The field of User Experience Design, as salaries. The focus started to narrow. Quality

conceived by Don Norman, was so similar began to slip. Rather than designing the
. . xperience across multiple channels, newl
to Service Design, as to be almost ¢ ’pe ence . ° plec ) .ES ey )
. . minted UX designers spent their time producing
indistinguishable. . o .
wireframes, building prototypes and occasionally

designing screens. The ariginal meaning of the
term became lost, to the point that anybody who

Both were focussed on the X . .
designed digital products considered themselves

43 = end-to-end user journey, rather

Figure 14 : External website displayed in the current application

The home screen simply displays the information about the student such as his name,
student number and email address. This information could be useful for the student. For
example, the student can find here his student number and cannot be edited on the appli-
cation. The only way to modify it is on the website platform and requires an administrative
role. The student could eventually change his profile picture directly from the application.

The home screen, in opposition to every other screen, has no “return” or “go back” button
at the top left corner since it is the welcome screen. However, two buttons are displayed in
the bottom part and allow the student to directly navigate to the dashboard screen and
seeing all his courses or going to the recommendation screen.
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Home

LV )

Bryan Spahr
bryanspahr@netplus.ch
a1805127

My Courses

Recommendation 5’

Figure 15 : Screenshot of the home screen

The recommendation screen is where the student can see what courses and path the ap-
plication suggests him to choose but not only.

Here, all courses of the student are ranked based on their score. The score of each
course is calculated with a formula that takes into account the average score of quizzes,
the time spent reading the courses’ materials and the percentage of the course content

that has been opened and read by the student.

The ranking gives a clear and complete overview for the student of his performance and
progress for each course as well as the time he spent on them. The total score is also
transformed to a “grade” which is not the final grade for the course but a simpler and

clearer way for the student to see how well he performed in a specific course. The higher
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the score of a course is the better the grade is. The grading system is the same as the

one used at school. The grades go from 1 for the lowest to 5 for the highest.

&« Recommendation

Favorites courses

No Name Score Done Time Grade
Mobile o o

1 Programming 90 77 % 00:03:.03 4.48
Server o .

2 Programming 80  92% 00:03:32 433

) BELet 80 62% 00:04:54 4.03
Developer e -
Business o o

4 Intelligence 50 85% 00:00:39 3.36
Digital Service

5 35 30% 00:20:13 2.35

Design

Recommended path : programming

Figure 16 : Recommendation screen with a ranking of the courses

Finally, at the bottom of the screen, the student can see what path it should choose his
courses on for the next semester.

Each degree’s program has different paths. For the Business Information Technology pro-
gram for example, there are 4 different paths. Each path contains lots of courses. The
higher the course is ranked, the most points it gives to its path. Finally, the path with the

most points is recommended as the most suitable path for the student.
In clear, that means that the path of the courses where the student is the most performant

and the mostimplicated is the most susceptible to contains other courses that could inter-

est the student and where he would perform the best as well. For example, if the student
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tends to have better results and spends more time on programming courses such as Mo-
bile Programming or Server Programming, the application will recommend the student to
choose courses in the programming path for next semester instead of courses in the de-
sign path.

4.2 Website

The design of the website is quite simple. We tried to stay sober and as functional as pos-
sible. The website is typically used by teachers and administrators only.

Teachers can access their course. They can create, modify and delete week. They can
create, modify and delete any type of content such as theory slides, external links, quiz-
zes, etc. They also can see the list of all students as well as students enrolled in their
course. It is also possible to list all teachers and courses at Haaga-Helia.

Admin can do the same thing as teachers except that they have different rights. They
have more permission when it comes to courses, students and teachers. They can create,

modify and delete courses, students and teachers.
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[ ] Home Courses Students Teachers

[ |

L
"™ Haaga-Helia

University of Applied Sciences

=

——

Signin

About Courses Twitter
Contact us Students YouTube
FAQ Teachers Linked In
Dashboard Facabook
nstagram

Copyright © All Rights Reserved 2019

Figure 17 : Home page of the website

When landing on the home page of the website, you immediately have the possibility to
sign in. Pages regarding the courses, students, teachers and other sensitive information
are private and cannot be accessed unless you are logged in. If you try to access it any-

way, you will be immediately redirected to the login page.
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If the teacher doesn’t have an account, he has the possibility to sign up and create an ac-
count like shown in the figure below.

. =TT
jm + |
c

W OR O :

[ Sign up

f

About Courses

A\l 4

Twitter
Contact us Students YouTube
FAQ Teachers Linked In
Dashboard Facebook

Instagram

Figure 18 : Sign Up page

When connected, the teacher can have a look at all courses offered at Haaga-Helia. The
courses are displayed in a table component with their name, code and language. It is also

possible to search a course by its name or code thanks to the search bar at the top of the
table.
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<
-. Home Courses Students Teachers Dashboard -
| b |
Courses
P —
Name Code Language Details

Agile project management BUS1TF109 English

Datebase Developer SWDBTF040-300155 English

Demonstration course SWDSTF040-30301 English

Digital Service Design DIG4TFO21 English

JavaScript Introduction SWD4TF020 English

|::-

Thoodle

About Courses Twitter

Contact us Students YouTube
FAQ Teachers Linked In
Dashboard Facebook

Instagram

Copyright © All Rights Reserved 2019 |

Figure 19 : List of all courses dispensed at Haaga-Helia

If the user connected is an administrator, he can see the same information as a teacher.
The only difference is that he can quickly edit and delete a course. Also, with the admin
role, it is possible to add a course with the help of a button on the bottom left corner of the
table.

e T e —— = O ||

€« C  © localhost3000/courses Hew OB O :
.. Home Courses Students Teachers Dashboard -
| |
Courses
Search a
Name Code Language Details Edit Delete
Agile project management BUS1TF108 English m Edit Delete

Database Developer SWDBTF040-300155 English Edit Delele
Demonstration course SWDBTF040-30301 English m Edit Delele

Digital Service Design DIGATFO21 English w Edit Delete

JavaScript Introduction SWDATF020 English Edit Delete

|-

Thoodle

About Courses Twitter

Contact us Students YouTube
FAQ Teachers Linked In
Dashboard Facabook

Instagram

Copyright © All Rights Reserved 2019 |

Figure 20 : Courses list from an administrator point of view
When clicking on the “details” button, it is possible to see more information about a course

such as the scope, the timing, the path, the schedule and the objectives for example.
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Name Code

Agile project management BUSTTF109

Scope Timing

SECTS 1st Semester

Level Type

Optional studies Eleclive

Path

Business

Language Teache

English Bryan Spahr

Objectives

The course familiari

derstand corporate
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tudent's abilitie
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ntation as disciplined
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development p d @n:

Upon successful completion of this course, the student should be able to

Room Day
3008 Wednesday
Starting hou Ending hour
1345 1530

1y S

Figure 21 : Course details

This information can be edited and modified by an administrator. It is possible to write
whatever we want in the objective text area or for the course code. However, the teacher
must be selected from a drop-down list. This list is populated with the database meaning
that a teacher must exist in the database before it can be chosen as the course teacher.

The form to add a course is similar to the form for editing a course except that all infor-

mation are blank and have to be completed.
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[ ! Home Courses Students Teachers Dashboard

[ |

Name Code

Agile project management BUS1TF108
Scope Timing
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Optional studies . Elective
Path

Business
Language Teacher
English » | Bryan Spahr
Objectives
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their implementation as disciplined
n bu formation
in managing projects

e able 1o

Room Day

3008 Wednesday

Start 0145PM End 0330 PM

Figure 22 : Form to edit a course
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The students tab is similar as the courses tab. There, the user can display the list of all
students of Haaga-Helia in a table component that will show their first name, last name,
student number and email address.

The functionalities related to the students are pretty similar to those related to the courses.
It is possible to see them in detail and to edit or delete them for an administrator. Also, it is
possible to add a new student or search for an existing one with the search bar compo-
nent.

When adding a student, it is asked to give the student first name, last name, number and
email address at least.
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€« C O locathost W OB O :
[ |
Students
First name Last name Number email Details Edit Delete
Darlene Erykah 21582359 darlene erykah@myy haaga-helia fi Edit
Sullivan Fletcher 21805498 sullivan fletcher@myy haaga-helia fi Edit Delele
Kimmie Jax 21802156 kimmie jax@myy haaga-hela f =
Dolly Jeannie ats| dolly jeannie@myy.haaga-helia f m Edit
Jena Nellie 21804578 jena nellie@myy haaga-helia fi Edit Delete
2 >
Add a student
= Y
i =
About Courses Twitter
Contact us Students YouTube
FAQ Teachers Linked In
Dashboard Facebook
Instagram

Copyright © All Rights Reserved 2019 |

Figure 23 : List of students studying at Haaga-Helia

Another tab is the teachers tab. It is also pretty similar to the courses and students tab.
The functionalities are the same and it is also the duty of administrators to add, modify or
delete a teacher.
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[ |
Teachers
First name Last name email Details Edit Delete

Amir Dirin amir dirin@haaga-helia f Edit
Kari Silpio Kari silpio@haaga.helia fi Edit

Bryan Spahr bryan spahr@myy haaga-helia f

Thoodle

About Courses Twitter

3

Contact us Students YouTube
FAQ Teachers Linked In
Dashboard Facebook

Instagram
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Figure 24 : List of teachers teaching at Haaga-Helia

The dashboard tab is a tab for teachers only. On this page, teachers can see and access
directly all the courses they dispense. They don’t see other courses and other teachers

cannot modify these courses. Each teacher has its own personalized page.
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.. u Home Courses Students Teachers Dashboard -

| |

Dashboard

My courses

Search a course

Name Code Language Manage

Agile project management BUS1TF109 English m

JavaScript Introduction SWD4TF020 English

UX Design DIGATFO50 English

Thoodle

About Courses Twitter
Contact us Students YouTube
FAQ Teachers Linked In
Dashboard Facebook
Instagram

Copyright © All Rights Reserved 2018 |

Figure 25 : Dashboard screen from the teacher point of view

When the teacher clicks on a course, he can access itand manage its content. Every
course has the same structure. It is divided in weeks that the teacher can add or remove.

31



For every week, the teacher has the possibility to add a lecture, a link or a quiz. These re-
sources are then created, saved in the database and gathered under the corresponding

week.

This structure is pretty similar to what already exists now in the Haaga-Helia moodle web-
site. It also the same structure that is used in the student mobile application. Therefore, it
is easier for teachers to add, remove or modify specific content.

€ @ © Iocathost mf O@R ©

Agile project management

Week 1
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Week 2
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Week 3
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Week 4

Figure 26 : Structure and content of the course organized in weeks

When creating a quiz, teachers should first give the quiz a name and indicate the number
of questions they want.
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€ @ @ locanost mr O ©
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Quiz5

Number of questions
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Instagram
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Figure 27 : Creating a quiz
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The next step to create a quiz is to write the quiz question and answers. There should be
only one good answer and three wrong answers. The correct answer is always the first
answer that needs to be written down but the answers are then mixed and displayed in a
different order each time the quiz is open on the mobile application. Therefore, it is impos-

sible to predict which answer is the correct one by its position without knowing it.
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Figure 28 : Writing the questions and answers of the quiz

The process to add a lecture, video, image or external link is similar to adding a quiz.
First, the teacher should choose a week, then he can add a resource by indicating the re-
source name (name of the website, title of the presentation, etc) and the resource link (the
URL where the resource is hosted).

By adding a resource, its data are automatically saved and stored in the database. The

resource will be immediately and dynamically available on the student’s mobile applica-
tion.
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Figure 29 : Adding an external link as a resource

When the teacher created and structured his course, he can follow and track his students
by clicking on the “Participants” button in the top right corner on the course page. This will
display a table listing all students taking part in that course. With this table, the teacher
can easily see the students’ main information and performance in that course. The table
displays the first name and last name of the student, his progression in the course (the
percentage of resources opened), his average score to quizzes and the time he spent on

the course.

What is interesting here is that the teacher can easily filter the student, search a specific
student or even sort the table by the percentage done, the average score (lowest or high-
est), etc. With that information, the teacher can have a quick and complete overview of his

students.
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Participants

Leaderboard

Figure 30 : Participants of the UX Design course

Also, under the participants table, the teacher can find a leader board showing the best
student (the one with the best average score), the most advanced student (the one with
the highest percentage of resources opened) and the most dedicated student (the one
who spent the most time studying the resources). In opposition, he can also see the low-
est student (the one with the lowest average score), the less advanced student (the one
who opened the less number of resources from the available ones) and the less dedicated

student (the one that spent the less time on the course).

The leaderboard allows the teacher to see the best and the worst students in a specific

course in each category (studiousness, involvement, results).

The teacher has the possibility to click on any name displayed in the leaderboard or to
click on the “Details” button on the last column of each row in the table. By doing that, the
teacher is immediately redirected to the student profile and his study profile for that spe-
cific course.
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Global score 62.67 %
% Done 84 %
Time spent 00:02:17
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80 %
100 %
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66,66666666666666 %

Average 62.67 %

Figure 31 : Student course profile

In the figure above, the student profile of the student “Bryan Spahr” is displayed with some
basic general information like his name, his email address and his student number. Below
that, you can have a better a more complete view of the student profile regarding that spe-
cific course. You can see his global score, the percentage of resources he opened, the to-
tal time he spent on the course and more importantly his results for each quiz he took.

Here, you have a better understanding of the student results and progression in that
course. It is also possible to quickly contact the student if needed by clicking on the “Con-
tact him” button. This will open a new window in your email client with the recipient ad-
dress and subject already filled. This can be necessary if a student has particularly bad
results or shows much less interest and involvement in the course. It motivates teachers
to be proactive and take the lead to find a solution instead of waiting for the end of the se-

mester and only seeing the student failure.
As we can see, you can click on any quiz to have more information about the quiz but

most importantly see exactly what the student answered. It is possible to see his answers,
what he answered, what was the correct answer, etc.

36



B Moo « JF . n T — ool O

<« C O locathost f ¢ &% OB 00

Quiz 2

Question 1 What does this expression: 2+ 10- 19 + 4 -90 + 1 return ?
2.9
012
0O-12
O

Question 2 Bn
: 9
Oa
Bw
Question 3 Which one is not a comparing operator ?
O«
0=
B-=
o-
Question 4 What characters can be used to create a single-line comment ?
(=]
0 «<-
O«
o-
Question 5 Which one of the following expressions is not a string ?
1990
O "Hello"
0O 1990
O 'Hello'

Figure 32 : Example of student's quiz result

Another option for the teacher after he created a quiz is to see some statistics about it. At
any time, teachers can check the quizzes they created and obtain some immediate stats
about it. For each question, they can see the number of persons that answered the ques-
tion, the number of correct answers, incorrect answers and the percentage of correct an-
swers. Therefore, teachers can analyse their quizzes and modify or adapt them if needed
(if a question is too complicated for example).

- — S — o=
ax + o 15
<« C @ locathost &+ OR ©
[ |
Quiz 2
Question 1 What does this expression: 2+ 10-19+4-90 + 1 return ? Statistics
892 Answered - 5
092 Correct : 2
0-12 Incorrect : 3
012 Correct rate : 40 %
Question 2 What character will be printed to the JavaScript console after running : Statistics
console.log("Stay awhile and listen!"[6]); Answered - 5
Eh Correct 0
Oa Incorrect : 5
Ow Correct rate : 0 %
o
Question 3 Which one is not a comparing operator ? Statistics :
2= Answered - 5
a- Correct 3
O< Incorrect : 2
O-== Correct rate : 60 %
Question 4 What characters can be used to create a single-line comment ? Statistics
Answered - 5
a- Correct -3
| P Incorrect : 2
O- Correct rate : 60 %
Question 5 Which one of the following expressions is not a string ? Statistics :
B 1990 Answered - 5
O Helio' Correct - 4
O ~1990" Incorrect : 1
O "Helio Correct rate : 80 %

Figure 33 : Quiz with statistics
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In the figure above, we can see that 0% of the students got the second question right.
Maybe it is just a coincidence but maybe the question is too hard or maybe the answer is
not in the resources. If that is the case, the teacher can modify the question. That is up to
the teacher to decide but these stats definitely give him a good overview of his quizzes.
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5 Implementation

The implementation of the system is based on a three-tier architecture. There is the front
end which corresponds to the mobile application for the students and the website for the
teachers. From the mobile application, everything that the student does such as taking a
quiz or reading a lecture is automatically saved and data is sent to the server via an appli-
cation programming interface (API). This data is stored in a NoSQL database. For this ar-

chitecture, we used a MongoDB database.

Our AP|
Admin web
’ site for i
@R Teachers Back-End Server using: S
Node.js,
Express, <—» | MongoDB
| Mongoose, Database
Mobile App And more...
usingReact | . ___ I
Native for
Students

Figure 34 : Full architecture designed by Dr. Dirin and Laine (Dirin & Laine, 2018)

5.1 Mobile application

The mobile application is written using the React Native Framework (Danielsson, 2016).
We choose to use this framework for multiple reasons. First of all, an application developed
using this framework can be easily deployed on both iOS and Android devices and therefore
covering all smartphones’ operating systems. The second reason is that React Native is
built from components that are reusable and allow the mobile application to render natively.
Plus, the administrative website for teachers is written in React.js as well and therefore, the
same logic could be applied to the both of them. Finally, it is one of the best mobile frame-
works and its popularity keeps growing amongst the developer.
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React Native

|

BACKEND

Figure 35 : Structure of React Native (5 key advantages of React Native, 2017)

In order to conduct our research, we deployed the application for iOS and Android. We
generated a .apk file for Android and a .ipa file for iOS. These are the files needed to in-

stall our application on smartphones.

5.2 Website

The website is written using HTML and CSS and uses the most popular web framework
whichis ReactJS. ReactJS is a JavaScript library for creating user interfaces. It corresponds
to the view layer of the MVC (Model, View, Controller) architecture.

User

View

‘ Controller W
E—

!

Model

Figure 36 : MVC Architecture (Deutsch, 2017)
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ReactJS uses the speed of JavaScript to render webpages dynamically (Thinkwik, 2017).
In addition to that, we used Bootstrap to make pages responsive on both computer browsers
and mobile devices. Bootstrap is the world’s most popular front-end component library in
the web development.

The website uses components to render pages. Components are created once and can be
used many times. For example, we created the component “Table” that we used multiple
times to render students, teachers and courses list in it.

t adminCal {dataField: 'firstName'...}, |{
dataField: '

name ',

"number'...},{dataField: 'email'...},{dataField: '_id'...}, {dataField: '_id'...}, {dataField: '_i

olumns = [{dataField: 'firstName'...}, {dataField: 'lastName'...}, {

‘email’...},{dataField: '_id"

dent/add">

Figure 37 : Sample of render method of the "Students" component

The render method is the only required method in a class component in React. It returns
React elements created via JSX such as the HTML <div> element or any other custom
element <CustomElement>. As we can see in the figure above, the render method of the
“Students” React element returns some HTML elements such as <div> or <h3> but also a

<Table> element.
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The <Table> element is a custom React element that can be called many times and has its

own render method.

const options

pagination={paginationFactory(opti

Figure 38 : Custom React element "Table"

We chose to use ReactJS as it is extremely convenient and popular nowadays and it per-

fectly matches with our needs.

5.3 Back-end server

The back end corresponds to the server offering the API. The server uses Node.js which is
the best and most used open-source, cross-platform runtime environment that executes

JavaScript code outside of a browser. Nowadays, almost every server uses Node.js.
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(18] zerver.js

Figure 39 : Structure of the back-end server

Along with Node.js, we used the web application framework Express which is also a free
and open-source software commonly used in back-end development. Express is typically

designed for building web applications and APIs. It is also the backend component of the
MERN stack.
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MERN Stack Development

N Express

ReactJs < “|Web Framework
HTML/CSS, I
JavaScript,
BootStrap Mongoose | o

Node JS web server

MongoDB

Front-end Development Back-end Development Database Managment

Figure 40 : Graphic of the MERN Stack components communication (Roy, 2018)

In our API folder, we can find models and routes. Models are used to describe the schema

and methods of our objects.

_id: mong
firstName:
lastName: String,
email: {
type: String,
required: true,
b
password: {
type: String,
required:
t

role : String,

, config.secret);

ports = mongoose.model( name: ‘User', userSchema)

Figure 41 : User model in the back-end server
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In addition to that, we use Mongoose. Mongoose is an Object Data Modelling (ODM,) library
for MongoDB database and Node.js server. The role of Mongoose is to manage relation-
ships between data. It also provides schema validation and is mainly used to translate be-
tween objects in code (here JavaScript) and the representation of those objects in the Mon-
goDB database.

Figure 42 : Object mapping between Node.js and MongoDB via Mongoose

The routes folder contains all the routes of our API. For each object, we created routes us-
ing a specific HTTP method (GET, POST, PATCH, DELETE, etc.) (Mozilla, 2019).

If we want to get information about a specific user, we have to ask our server. To do that,
we create a HTTP request from the client side (the mobile application or the website) and
send it to the server. The HTTP request includes the request method, the request UR,

headers and potentially body.

When the server receives the request, it performs some actions. In our example, if the
server receives a request using the GET method on the specified URI with the correct
header and the user id in the request parameters, it will try to find the corresponding user
on the database using mongoose.

If the server finds a user, it will return it in the JSON format. Otherwise, it will return an er-

ror message.
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router.g

= req.params.useri

then( onfulfilled:

console.l

catch{ onreje
console.l

res.status(500).json{{error: err})

router.po

st user = new User({

_id: new mongoose.Types.0bjectId( ),
email: req.body.email,
passwordHash.generate(req.body. pas

role: req.body.role,

console.l
statu

User.

Figure 43 : Examples of routes from the server side
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5.4 Database

5.4.1 NoSQL

The database is a NoSQL database. First of all, NoSQL is a concept. It is commonly inter-
preted as “not only SQL". It gathers the family of all database management systems
(DBMS) that want to overcome the constraints of the usually used relational database
management systems (RDBMS) such as Oracle, MySQL, Microsoft SQL Server, Post-
greSQL, etc.

NoSQL databases can handle a large variety of data including structured, semi-structured
and unstructured data. NoSQL offers an alternative to the existing SQL language. It has a
dynamic schema and therefore is extremely flexible.

NoSQL includes four different types of databases that offer a different way to represent
the data. Each one of these offers advantage and disadvantages depending on the con-
text where we want to use it. The firsttype is the key-value store, the second type is the
wide-column store, the third one is the document-oriented store and finally there is the
graph store. For our project, we decided to the document-oriented store so we won'’t get
into details regarding the other types.

5.4.2 Document-oriented stores

The document-oriented databases present the data as XML or JSON object. These allow
to simply and quickly retrieve structured information in a hierarchical way. These work the
same way as key-value stores except that the value is an object. Key-value stores are the
simplest NoSQL databases. Theses allow storing the data as a key together with its value.
This value can be a string, an integer or a serialized object like in our case. The most pop-

ular solutions are MongoDB, CouchDB and RavenDB.
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{ “Title”: “Chris
Gayle Innings...”
“Userld”:
“nrules”
“Tags”: [“IPL",
“Cricket", “RCB"]
“Body”: “CG at
his best...” }

{ “Title”: “Ricky P
Innings...”
“Userld”:
“nrules”
RPForm “Tags”: [“IPL",
“Cricket", “MI"]
“Body”: “RP not
his best...” }

CGHScore

Figure 44 : Records in a document-oriented database

For our project, we decided to use the MongoDB solution. MongoDB is one of the most
popular and widely known NoSQL solutions. It is a document-oriented database that sup-
ports storing information in JSON format. It is open source and does not require a data-
base administrator to administer. These features make MongoDB a very popular solution
among developers and it is often used during the early stages of project development.
MongoDB suits perfectly to companies that need to do large s of write operations and
have big data-scale volumes to deal with. Also, it is commonly used when developing full
stack application and is part of the popular MERN stack.

5.4.3 Collections and documents

Since our database isn’t a relational database, we don’'t have the conventional database
containing tables with columns and rows. Instead, we talk about collections and docu-
ments. Collections are to NoSQL databases what tables are to relational databases. Col-
lections are analogous to tables while documents are analogous to records or rows in re-
lational databases.
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Since NoSQL databases are not some kinds of relational databases, there is no relation
between tables or collections. It is difficult if not impossible to represent a MongoDB data-
base as it is schema less by definition. However, it is possible to have a look at our data-
base using some GUI (Graphical User Interface) tool such as MongoDB Compass. The
figure below is the graphical representation of our database.

Documents Avg. Document Size TowlDocumentSize  Num. Indexes Total Index Size

228K8

Figure 45 : Database in MongoDB Compass

As you can see, we have multiple collections. We have a courses collection that gathers
all courses and their respective info such as the name, the code, the scope, the level, the
type, the objectives, the schedule, the path, etc. But mostimportantly, courses documents

contain an array of weeks’ id.
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_id: objectId("Sce8fa3e537bsaseelacoecse
~ weeksId: array
8 "ScEf941337beasealaseecst”

language: "English
level: "oOptional studies™
type: "EL e
path: "Business
objectives: "The course familiarizes students to understand corporate IT developmen
teacherId: "Sc8alaslf78a778019265864
« schedule: Object
day: "Wednesday
startHour: "1972-21-21T12:45: 88,080

_wv:ie

Figure 46 : Example of a course document

The « weeksld » array contains the “id” or identifier of the week documents. In the data-
base, there is a weeks collection that regroup all weeks created by the different teachers.
A week document is a document that contains 3 different arrays. The first array collects
the id of the different related lectures while the second array collects the id of the different
related external links or additional resources. Finally, the third array contains the id of the

different quiz for that specific week.

In fact, the weeks collection is like a reference table that link the different documents in
the different collections. Once we got the course, we have the weeks references and then
we can get the lectures, links and quizzes references as well. With the id of the lecture for

example, it is possible to retrieve it and obtain its content.
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_id: objectid("sc8br?az4acfabbealaalslea™)
« lecturesId: Array
8: "SciEb7ocdacfabbeelaazslea™
1: "sc8b7cdeacfabbeelaazsleb™
« linksId: Array
8: "ScEb7desacfabbeelaazslec™
1: "Sc8b7d2aacfabbéelaazsled"”
2: "ScEb7d3eacfabbeelaazsles"
w qQuizzesId: Array
8: "Scos2endbEcaf7edlaes3al2"

Figure 47 : Week document with its arrays

In our database, we also have 3 different collections for the users. The first one is the stu-
dents collection. All students’ documents are stored in this collection. As for the students,
we have a teachers collection. All teachers are stored in this collection as well. It is pretty
similar to the students collection except that there are fewer details and information since

we don't collect data for the teachers.

_id: objectid({"sbebeds7esebe774e4cba981")
firstName: "amir"”
lastMame: "Dirin”

email: "amir.dirin@haaga-helia.fi"
_wv:a

_id: objectId{"scec2b227eaf723caconanes")
firstName: "Kari"
lastMame: "Silpid”
email: "kari.silpio@haaga-helia.fi"
Vi@

_id: objectId("5cealaclf7Ear77e0l9265864" )

firstMame: "Eryan”

lastMame: "Spahr”

email: "bryan.spahr@myy.haaga-helia.fi"
Vi@

Figure 48 : Overview of the teachers collection
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Finally, we have a users collection that regroups all users which includes students and
teachers. The difference between the users collection and the students and teachers col-
lection is that the last two collections are used to store details about a student or a teacher
while the users collection is used for the authentication.

The user documents are the same for the teacher and the student in the contrary of the
student and teacher documents. The users collection contains user documents that gather
basic information such as the email, the password and the role.

There are 3 possibilities of roles. The user role can be student which is reserved for stu-
dents, teacher which is reserved for teachers and finally admin which is used by adminis-
trators. The major difference is between the student and the teacher role. A student won't
be able to log in the website because they are only students. On the contrary, a teacher
will be able to log in because he needs to manage his courses and can access the list of
students. The admin role is similar to the teacher role except that he adds some function-
alities on the website such as creating a new course, adding a new student, deleting
teachers, etc. The administrator has all rights.

_id: objectId("Sc8al193ef78a770819265863
email: "1"
password: "shal$scbed452$1%42161a2Ca95d894b144f8fEceBc38fd3as28f3ca"
role: "admin"
Ve

_id: objectid

email: "k

password: 3

role: "teacher
via

_id: objectId("scacbfboacsed21e818252a16
email: "va"
password: "shal$fesfedseslslacez4bdfdseacs?27bbleslfos2eadaasbefaos”
role: "student
Ve

_id: objectId("scoeasct37bsasealasaecsc
email: "kimmie . jax@m,
password: "shalis4ca7296%
role: "student

U

Figure 49 : User documents

52



.then( onfulfille

console.log(c

sessionStorage.

sessionStorage.

sessionStorage.set

)
}

window.location = "/dashboard”

ie="btn btn-custom float-left”

Add a teacher

Figure 51 : The role of the user is retrieved from the session storage
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5.5 Global architecture

Together, all these components form what is called a MERN stack. MERN is the acronym
of MongoDB, Express.js, Reactand Node.js. The MERN stackis a totally free and open-
source JavaScript software stack for building dynamic web sites and applications. All its
components support programs that are written in JavaScript. The advantage of it is that all
MERN applications can be written in one language only (JavaScript here) for both server
side and client side (our mobile application) execution environments. MERN is a simple
and efficient way to put all these components together in order to create a full stack appli-
cation. It is also the most modern and popular way to do it.

The student interacts only with the mobile application which communicates with the server
that communicates with the database. All the components communicate between each
other so it creates links between all parts. Below is a sequence diagram illustrating how it

works in practice:
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User and components interaction

Student Mobile application Server Database
I I

Log in

»
Lt

Send the credentials

Y

-y __ ]

|
|
|
|
]
|
| Try to find the user
|
|
|
|
|

T
|
|
[
|
|
|
|
|
: Check the credentials
| Pa—
| |
| | Return the user |
[ Mmoo 1
: I* Authenticated Jl :
| | | |
| Logged in | | |
[ ettt 1 [ I
| | | |
_Click on the course "JavaScript Introduction” | |
I il | I
| | Ask for the course details J |
| I > |
| | | |
| | | Query the course table
| | | "l
| | | ¢ Retum the course details_ |
| | | |
| |4 Give the course info (weeks, resources, infos, etc) | |
| | | |
| Show the course content | | !
[ L L e 1 [ |
| | | |
| Click on the "Console" PDF resource o | |
| | |
: ! Ask for the PDF resource __! :
[ g
| | | |
| | | Find the PDF o
| | [ !
| | | |
| | lq- - _eumthe PDE
| | | |
| | Send the PDF details | |
I [ e 1 |
L_ Display the PDF content JI :
| | |
| | |
| | |

Figure 52 : Simple interaction between the user and the components

5.6 Student data

Every time students interact with the app, it creates data. Every action, its duration, its re-
sult (when taking quiz for example), everything is saved and stored. The data that stu-

dents generate using the mobile application are thereby sent from the client side (mobile
application) to the server side (back-end server) using the API. When the server receives
it, it stores the data in the MongoDB database. Therefore, it is possible to track the steps

of the user and its result.

For example, if a student logs in the application, browses his courses, chooses the “Ja-
vaScript Introduction” one and clicks on the PDF resource “Console”, it is possible to know
it. If we look at the database, we can know when he logged in (the specific time including
the day, the hour, the minute and even the second). We can also know the specific time

he opened the PDF, we can retrieve the exact amount of time (to the nearest second) he
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spent on the PDF. We can know the specific time he closed the application. It is also pos-

sible to know if the student opened a resource for the first time or if he already opened it

before and was reviewing it.

Student

Mobile application

|

Click on a PDF resource L\
!

I

Take a timestamp

Send the user & course info + the timestamp

Saving timestamp

Database

Request update on the user with the timestamp details |

————— Yy ]

Show the PDF content

5.6.1 Course statistics

I
I
f
I
I Lag
I |
| | Update the user info
I
I
} - User info updated _:
I | |
| Confirmation of update | |
oo 1 |
1 Ask for PDF details _‘: :
>
I | |
I | Query the lecture table N
| I "l
I | |
\ [P Rewmthe POF __________ J
I | |
[ Send the PDF details | |
[ il hl |
I | |
| |
| | |
I | |
> | |
I . | |
| Take a new timestamp | |
| |
I | |
! Send the new timestamp __! |
I Lad) I
I | . . |
| | Request update on the user (with new timestamp) |
I [ dl
} : | Update the user info
I |
‘ I Confirmat f updat I
‘ | _________ Ol D |_rrr_15_|o_n_o_u_p_a_e_ o ___ _|
\ €
‘ User info updated |
R EE B 4

Figure 53 : Sequence diagram illustrating the saving of the timestamp

When the student opens the app and selects a course, a timestamp is automatically gen-

erated and the mobile application starts to time the duration of the navigation. Until the

student closes the application, the stopwatch runs and keeps recording the time spent on

the course. When the application is closed or when the student exits the course, it also

generates a timestamp that is automatically saved in the database.
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_id: 0objectId("Sco@assf37bEasenlac8ecad

number: "31782158"
firstName: "alexi
lastName: "
email: "al
password: "shs
v COUrSes: Array
~@: Object
_id: objectId("5ca72e4chasaf7o0lacoaeas
globalResults: Array
quizResults: Array
done: Array

WO W

timeSpent: 65.5681
percentage: 44
«1: 0bject

id: ObjectId("cco72e4chasef7a0lacccead’
_ ] L

Figure 54 : Time spent by a student on a specific course

Therefore, it is possible to know exactly when a student started studying, when it stopped
studying and the time he spent studying. With this information, we can see if a student
spends too little or too much time on a course compared to other students and thereby
find an explanation to its too bad or too good results. It is possible to create a relation be-
tween the time spent on a course and the results. Also it allows to see which students
don’t spend enough time and which are the most dedicated ones.
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openedAt = new Date();
o state: {

openedAt: openedAt

o state: {
course: .props.navigation.getParam( 'course', 'default'),

student: .props.navigation.getParam( 'student’, ‘default'),

osedAt = new Date();

timeSpent = (closedAt.getTime() .state.openedAt.getTime

nt{ timeSpent );

( state: {
closedAt: closedAt,

timeSpent: timeSpent

Figure 55 : componentDidMount and componenentWillUnmount methods of the Course

component

ReactJS has some predefined methods that allow executing some code when a compo-
nent is mounted and when it is unmounted. We used these methods and create a new
Date object every time the component course is mounted. This object is initialized with the
current time and date. This date object represents our timestamp. It is saved within the
component until the component is unmounted. When this happens, another date object is
always created with the current date and time and is saved within the component as well.

When the component is unmounted, we calculate the difference between the last date ob-

ject (when the course was closed) and the first date object (when the course was

opened).
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5.6.2 Resource statistics

Every time the student interacts with the content of a course, everything is recorded the
same way as the course stats. For example, when a student clicks on a lecture and starts
reading it, the stopwatch starts and stops only when the student closed the app or the re-
source. Therefore, the time the student spent on every resource (lecture, video, image,

website, etc.) is recorded, saved, sent to the server and stored in the database.

It is thereby possible to compare this information between the students. It is possible to
know how muchtime a student spent on every resource and establish links between the

most used resources and the results.

It is possible to know, for every resource, how many times it has been opened, how many
times it has been opened by a unique user, how much time in total student spent on it,

etc. We save and store a lot of information and stats regarding every resource.

_id: objectId({"Sc3azef41436bbea1352f3da
weekNo: 1

no: 3

title: "Console

type: "lecture
_wvie
timespent: 84.16399999999955
uniqueTimesOpened: &
timesopened: 12

_id: objectId{"scsasbcaacfabbeelaalsibs
weekNo: 2

no: 1

title: "Data Types

type: "lecture
vig

timespent: 44.95299999999999
timesopened: 8
unigueTimesOpened: &

Figure 56 : Examples of lecture’s stats

5.6.3 Quiz statistics

Quizzes’ data are saved and stored on multiple levels. Firstly, when a student takes a
quiz, his answers are saved and stored with his profile. Therefore, it is possible for a stu-

dent to re-click on any quiz and see his results. He can see what he answered, if this was
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correct or not and if not, what was the correct answer so he can learn from his errors. He

can retrieve this information any time and as often as he wants.

Secondly, whenever a user answers a question, the result (correct or incorrect) is saved
and stored alongside the question. Thereby, it is possible to know, for every quiz and
every question, how many students answered correctly and how many students answered
with an incorrect answer. Knowing that, the teacher could adapt his quiz, know if a ques-
tion was too hard or too easy and have detailed statistics for each question.

Finally, like every resource, quizzes save and store the number of times it is opened and
how much time student spent on it. With this information, it is possible to know the time a
student spent on a quiz, the time all students spent on a quiz, the number of students that
took the quiz and calculate the average time a student spends on a quiz for example.
Knowing the average time, the teacher can detect students that didn’t spend enough time
to answer the questions or students that were too long to answer. There are multiple way

of interpreting the statistics.

_id: object1
weekNo: 2
no: 1
title: "Quiz 2
type: "guiz"
« questions: Array
« @: 0bject
« incorrectanswers: array
g: "Define"

question: " D
correctanswer: "Draw
nbCorrect: a
nbIncorrect: &

1: Object

2: 0bject

Ve

timespent: 28.564

Figure 57 : Example of a quiz document in the database

5.7 Recommendation

One of the goals of this project is to provide students recommendation regarding their
studies. As discussed earlier, before each semester starts, students have to choose

courses in a very large list. In order to help them selecting the best courses that will suit
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them the best and where they will be the most performant, the mobile application will pro-

vide students a study path recommendation.

For example, if a student performs particularly well in programming language courses
such as Java or JavaScript but has poor result in design courses such as Photoshop or
UX design, the mobile application will recommend him to choose courses from the “pro-
gramming” path and will help him make choices. This applies for every semester.

The recommendation provided by the mobile application is based on the student’s data
saw earlier in the document. The application will use artificial intelligence to retrieve the

student’s information stored in the database, analyse it and make recommendation.

5.7.1 Data mining

The data mining process represents the extraction of knowledge from a very important
amount of data. The goal of data mining is to build models from the data. It tries to find in-
teresting structures or patterns based on some predefined criteria in order to extract
knowledge from it.

In our project, we collect all kind of data that we store in the database. When we want to
make a recommendation, we retrieve these data and filter them to keep only the ones that
interest us for our decision. In our case, we want to know for a student: the time he spent
on a course, the number of resources he opened, the number of time he opened it, the
time he spent on each resource, his individual result to each quiz and his the average re-

sult to these quizzes. We want to know these data for each course.
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_id: objectTd( "sc98assf37beasealaseecad
number:
firstName:
lastname: "
email: "al
password
w COUrses:

_id: objectid("5c972e4chasef7oalacc0eas
globalresults: Array

quizResults: Array

done: Array
courseId:

percentage: 44

w1: 0bject
_id: objectTd("5c972e4chasaf7e81ac66084
globalResults: Arra)
quizResults: array
done: Array
courseId: "ScEb7e3sacfabbeelaa3slds
path: "Design
globalscore: AEREREREREEEER
timeSpent: 47.7
percentage: 41

2: Object
UL

Figure 58 : Example of student data stored in the database

5.7.2 Machine learning

The machine learning is a field of study from the artificial intelligence (Wikipedia, 2019). It
relies on statistical approaches in order to give computers the ability to learn from data to
improve their performance and ability to solve tasks. Machine learning includes the con-
ception, the analysis, the development and the implementation of such methods. The ma-
chine learning generally includes two phases. The first one consists of estimating a model
from available data. This phase is also known as the observation phase. It is a training
phase that is realized beforehand and tries to train the computer. The second step of ma-
chine learning corresponds to the implementation or deployment. Once the model is de-
fined, new data can be submitted and the computer will be able to realize the tasks that

are asked to it.

In our project, when we get the information we want from data mining, we can define
some rules such as the most time the student spent on the course, the most interested he
is by that course and thereby that study path. We can also imagine that the best results a
student has in a course, the most performant he is and the most suitable the course is for
him. Once we gathered these data, we use a formula that takes into account the data for
each category and gives it a certain weighting according to the rules we have defined.
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In our project, we decided to give a major important to the quizzes results as it is a very
good indicator of the student ability to pass in that course. Quizzes are by definition a way
of evaluation the student knowledge. If a student appreciates the subject he will tend to be
more involved in the course, study more and be more curious about it. He will also be
more focused and the theory will be assimilated better. All these factors will play a role in
the student results. Thereby, we can reckon that the quiz result of a student is a good rep-
resentation of the student interest and involvement in a course which are the key to suc-

Cess.

On the contrary, bad results to quizzes can illustrate either a lack of involvement or a lack
of interest by the student if not both. We reckon that a student having bad result to quiz-
zes has more chance to fail the course that a student having good result to the same quiz-
zes. Therefore, it is probably not a good idea for the student to take other courses in the
same study path. Likely the student won'’t like the course or won'’t perform well and that is

what we want to avoid.

However, a student can sometimes have bad results not because he doesn't like the
course or because he is not studious enough but because he has more difficulty. A stu-
dent can enjoy a subject, be extremely interested and nonetheless have poor result to
quizzes. That is why we decided not only to take into account the quizzes results but also
the involvement of the student in general. Even though the student may struggle in that
study path, he probably will struggle even more in a study path that he doesn’t like. We
don’t want to recommend a student to avoid courses he likes because he does not have
the best results. Onthe contrary, we will encourage him to keep studying this subject and
it is up to the teacher to pay particular attention to this student.

In our formula, we decided to weigh the involvement of the student by one third of the
global score. The formula adds one third of the percentage or resources the student has
opened to the quizzes average score. The result of this addition is considered as the “to-
tal” score of the student. We repeat these calculations and apply these rules and formula
to each course. Once it's done, we compare the courses between each other by compar-
ing this total score. In case of parity between the total score of different courses, we de-
cide the best course by the total time the student has spent on that course. Finally, we
rank the course by their total score.
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studentCourses = .state.student.courses;

pursesTotal = []

. length; i++) {

s.length; z++) {

ore': studentCourses[i].globalScore,
: studentCourses[i].percentage,
: studentCourses[i].timeSpent,
'path': studentCourses[i].path,

‘total': studentCourses[i].globalScore + (studentCourses[i].percentage / 3)

Figure 59 : Application of the formula
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Figure 60 : Ordering the courses by their total score

Once the courses are ordered from the highest total score to the lowest total score, we
sort these courses by their study path. Imagine that a student takes part in 5 different pro-
gramming courses and 5 different design courses. Maybe the student can do well or very
well in all design courses and extremely poorly in 4 of the 5 programming courses. The
only exception is a programming course that is about a programming language that he al-

ready knows very well and thus has perfect quizzes results.

If we only take into consideration the total score of the best course and we decide to rec-
ommend its study path to the student, we would recommend him to take courses in the
programming path even though it is not his favourite subject or where it is the best on av-
erage. That is why we decided, once the courses are ordered, to loop into them and allo-
cate their respective study path some points based on the ranking of the course.

Once this is done, we divide the number of points for a path by the number of courses
from that specific path in order to obtain an average number of points for this path. Then,
we compare the different paths and order them by their total number of points on average.
We apply the same method as for the courses and rank them from the highest number or
points to the lowest number of points. Finally, the path with the highest number of points is
the most suited path for the student and thereby the path that we recommend the student

to choose his courses from for the next semester.
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'§ oy
points: @, nb: 0}

points: @,

[@].points += points]

[@].nb += 1;

ramming” :

path[1].points += points]

path[1].nb +=

path[2].points += points]

path[2].nb +=

path[3].points += points]

path[32].nb += 1;

Figure 61 : Sorting of the courses by their study path

As you can see in the figure above, the number of points given to a study path decreases
as the courses are examined. For example, the path of the courses with the highest total
score will receive 25 points when the path of the second courses with the highest score
receives 18 points and soon.
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Once this is done, we loop into the different paths and divide their total number of points
by the number of entries they received in order to obtain an average number of points. Fi-
nally, we sort the paths by their number of points and set the recommended path as the
path with the highest number of points. The recommended path is the path that is most
likely to suit the student.

i = @; i < path.length; i++) {

path[i].points = path[i].points / path[i].nb;

path.sort( comparefFn: (a, b) => (a.points < b.points) ? 1 : ((b.points < a.points) ?

setState( state {
favoriteCourses: courses,

recommendedPath: path[2].name

Figure 62 : Sorting the different paths to recommend one

All processes of machine learning and its different algorithms are applied directly in the
mobile application. Therefore, all calculations leading to the recommendation are exe-

cuted on the client side and are immediately available to the student.

No calculation or algorithm is executed by the server. The back-end server only sends
and receives data. Its functions are limited to simple services. The artificial intelligence or
machine intelligence leading to the recommendation of the path is used exclusively on the

client side.
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6 Result

6.1 Study case

The case study conducted on the 5 students of the Haaga-Helia University was subject to
a report including the test plan, interview questions and answers, test cases and raw data
from the testing.

Overall, the test was conclusive. All students admitted that they would like to use the ap-
plication if it was available and reckoned that it was both interesting and useful for them.
Some recommendations were made and ideas of improvements were given but the over-
all feeling was very positive and the users rated the app highly with an average score of
6.4 out of 7. The details of the grade are discussed below.

6.1.1 Interviewresults

When the users were asked to tell about the things that they found difficult using the appli-
cation they answered that nothing was difficult. The majority of them also didn'’t feel any
frustration using it.

After doing some predefined tasks, students were asked some questions regarding their
experience and the mostimportant and useful feature in the application. Three of them
mentioned that the navigation was very clear and intuitive when two of them said that the
major asset of the app was its list of courses and materials. They all agreed on the fact
that the application was clearer when the courses were divided in weeks. They also no-
ticed that the files were easy to find and they appreciated the progress bar. They judged
the recommendations feature extremely interesting and useful. The fact that PDF files

could be opened in the app and didn’'t need to be downloaded also delighted them.

They were then asked to give their general impression about the application. Two of them
said that the application was nice overall when one said that the application could be re-

ally useful for his studies. The application was seen as even better than the actual Moodle
website. However, one of the test users mentioned that the application could benefit a bet-

ter design.
The things that stood out in the application were the clear user interface and the fact that

there were weekly quizzes available. Also the whole course remains available throughout

the entire duration of the studies so you can use the application at any time.
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The test users found the application intuitive and very simple to use. They rated the ease
of use of the application from 1 to 7. Two of them gave the maximal grade regarding the
ease of use of the application when one gave the grade 6 and two others the grade 5 for
an average grade of 6 out of 7, whichis a very good result.

User 1 User 2 User 3 User 4 User 5

Figure 63 : Ease of use of the application (from 1 to 7)

All users found the application easy to use. They also made comments to support this
score. They mentioned that the navigation and the user interface were extremely clear.
The fact that weeks were nicely divided also played a role in the final grade. Finally, they
liked the fact that icons were used to easily recognize and differentiate quizzes from PDF
files for example.

Users also rated from 1 to 7 how likely they would be to use the application if it was avail-
able. Three of them answered without hesitation that they would definitely use it and gave
the maximal grade (7). The user that gave the lowest grade (5) justified this score by ad-
mitting that he would use the application but not every day.
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User 1 User 2 User 3 User 4 User 5

Figure 64 : How likely the test users are going to use the application (1-7)

Students made comments about why they would use the application. They liked that eve-
rything was in the same place and User 1 even found that this application was better than
the similar ones he tried. In conclusion, with an average grade of 6.4 out of 7, students are
extremely likely to use this application. This is a conclusive and motivating result as it is
the end goal of this application.

6.1.2 User Experience ratings

Users were asked to rate some adjectives from 1 to 5 on how accurate it describes the
application. The adjectives were the following: interesting, fun, exciting, boring, frustrating
and complicated.

Interesting was the most accurate description of the app from the users' point of view. The
adjective received an average grade of 4.3 out of 5. The fact that this adjective was the
highest graded one proves that the idea behind the app was right. Students found that the
prototype was well made since it raised their interest.

On a personal note, we are extremely proud that this adjective was designed as the most
accurate one because it is the goal of the application. This project and its app aims to pro-
vide an educational tool for students that bring added value. We are delighted that this ob-

jective was met.
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The following adjectives were fun and exciting with an average grade of 3.2 out of 5. How-
ever, students recognized that the application was not supposed to be fun and exciting
and its main goal was to be educational. They found that the purpose of the application
was reached.

Finally, the adjectives boring, frustrating and complicated got respectively the grades 1.8,
1.6 and 1.4 from which we can draw the conclusion that the prototype was a success to
some extent at least. Test users didn’t have negative feelings while using it. These bad
grades here are a good thing and a good indicator for us.

6.1.3 Bugs and issues

During the test phase, users didn’t raise any bugs or issues. As expected, they found the
app very easy and quick to use. They appreciated the user interface that they considered
simple and clear. As mentioned previously on this paper, that was the goal of the applica-
tion, to stay simple and straightforward in order to ease the study. Users admitted that,
this way, they could better focus on their study work.

However, some students raised issues when using the application. The most problematic
one concerned the progress bar. Users did not understand where they could see their pro-
gress in the application and there was a confusion between the progress bar and the pro-
gress in the quiz.

Also one user pointed out the fact that there was some kind of confusion between the
main page and the dashboard page. He sometimes when to the pages where all courses
are listed when he wanted to go to the “real” main page that is also the home page. The
student admitted that there might be a short-term memory issue caused by the situation
and stress. He ended up by recommending adding a fixed home button that would bring
back the user to the home page.

6.1.4 Improvements

Test users provided some recommendations regarding the application including cleaning
up the user interface within the course overview so it would be simplified and more pleas-

ant to the eyes. Students also found that the background picture within the course brought
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confusion to the user and complexity to the user interface. They also thought that it would
be easier to see and read the progress bar that way.

The second recommendations students provided was to find a way to make the down bar
of the application more visible. They judged it hard to recognize. Overall, the visual design
of the app could be improved as well. Another improvement that could be added but
would not be crucial would be to add some link to the Moodle website and the possibility
to get some hints while doing the quiz.

Finally, students would appreciate if there was a setting feature available to control some

of the features in the application.

6.1.5 Conclusion

The examiners concluded by saying that the application was a very successful product for
its purpose and students joined their opinions. They highlighted the fact that the applica-
tion enjoyed a large amount of content and useful features especially in the course over-

view module.

Personally, we are happy that the case study was a success. Not only did the tests go all
well but the students liked the applications. That is the mostimportant and encouraging
point of this research. We wanted to determine if students could be interested in such an
application and, of course, if this prototype was working properly. No bugs were revealed
during this testing phase so the application is completely usable.

Overall, we are extremely happy with the results and with this report. We were flattered by
the scores the application obtained and by the positive feedback we received. We also
took notes of the suggestions and recommendations that were very pertinent. It gave us
some important information that we needed to continue developing this app and improving
the user experience. It is extremely helpful for us to have another point of view especially
when it comes from students and students from our own school in addition to that.

We would like to warmly thank the students that accepted to participate in this case study
and accepted to give their time for that. Also, we would like to thank them for their report
that was extremely complete and well presented. They even furnished us the raw data of
the testing phase. We also thank the examiners that took part in this case study. It defi-
nitely helped and motivated us. It was a necessary and extremely helpful experiment.
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6.2 Testcase

After creating the students, generating some random values and inserting everything in
the database, we logged in the application with the accounts of the 25 students in order to

copy the ranking order of the recommendation table.

Then, we compared these numbers with the correct numbers that we wrote down earlier

and which depend on the values fabricated.

6.2.1 Example 1

Home

Lydia Pace
lydia.pace@email.com
a1572961

[111]
(I

My Courses

Recommendation 5’

Figure 65 : Logged in as Lydia Pace (student 1)
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< Overview
-
JavaScript Int@uction o

Monday
9:00AM,- 11:00:AM

Rooni 4001
Week 1 We

" Introduction [N Variables

[} Console 8 Data Types
& MDN - Console.log() & Variables

& JavaScript - Wikipedia & Data types
(® Quiz 1 (@ Quiz2

OVERVIEW

&

Achievements

Results

Average 90.00 %

Total time spent

1 hours 23 minutes 24 seconds

ACHIEVEMENTS

Figure 66 : Lydia's JavaScript Introduction course overview and achievements

As we can see on the figure above, for the JavaScript Introduction course, student 1 has

done 90% of the course and spent 1 hour 23 minutes and 24 seconds which is approxi-

mately the 5000 seconds we entered in the database (+ 4 seconds the time we logged in).
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Time to Decimal Calculator

nh - omm °ss
1 | :|23 |24 |
‘- Clear | | Calculate |
-Answer: -
= 1.3000 hours

= 83.40 minutes

| = 5004 seconas |

For the entered time
01:23:24
1 hours 23 minutes 24 seconds

Figure 67 : Time to seconds converter

Recommendation o

lydia.pace@email.com JavaScript -00 90 qp 90
UX Design - 3500 80 @ 70
Agile project management I 1000 ¥ 20 ¥ 10

Figure 68 : Values for student 1

Now, if we want to compare the system recommendation with what student 1 should have
been recommended based on its values, we have to go on the recommendation table and
look at the ranking order.
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in the grades.

6

Recommendation

Favorites courses

No Name Score Done Time Grade
JavaScript o "o,

1 Introduction 90.00 90% 01:23:38 4.61

2 UX Design 70.00 80% 00:58:20 3.91

3 Adileproject 4444 509 00:16:48 1.50

management

Recommended path :

Figure 69 : Recommendation table on student 1 account

As we can see in the figure above, the ranking order of the recommended courses is simi-
lar to the ranking order we defined. In addition to that, the grade of the course recommen-
dation gives us a very good idea of the recommendation accuracy. As we saw in the excel
sheet, the difference between one course and another was pretty huge in terms of time
spent, percentage done and global score so it is perfectly normal to have such a big gap

However, you can still argue that it is easy and normal that the application recommends
the same course as we did manually because of this huge difference between the values
and that is why we also created students with extremely close values in order to test all

the cases and possibilities.
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6.2.2 Example 2

adam.branch@email.com JavaScript | 5000 & 80 i 80 3
UX Design il 5000 i 82 A 80 1
Agile project management 5000 & 81 ih 80 2
luca.alexander@email.com JavaScript al 6000 2 80 ap 80 3
UX Design ol 6000 5 80 4 81 2
Agile project management | 6000 2 80 i 82 1
lucia.clark@email.com JavaScript | 5005 = 50 = 50 1
UX Design Il 5003 = 50 < 50 2
Agile project management 5001 2 50 < 50 3

Figure 70 : Students with extremely close values

In the figure above, you can see that we have 3 different students that have similar values

for 2 criteria and extremely close values for 1 criteria.

For example, Adam Branch has the exact same time spent on the JavaScript course that
on the UX Design and Agile project management course. He also has the exact same
global score for these 3 courses which means that he as well in all courses. The only dif-
ference here is that he opened more resources for the UX Design course than for the
other courses by 1%. Obviously, this is a theoretical case because such a small difference
would mean that he opened 1% fewer resources and therefore maybe 1 less PDF out of
100 PDF or more. However, it is interesting to see if, despite the similar time spent and
global score and extremely close percentage of the course done, the system takes this

small difference into account when making its recommendation.

If we log in the application with the credentials of Adam Branch and go to the recommen-

dation table, we can see the following screen:
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< Recommendation

Favorites courses

No Name Score Done Time Grade

1 UX Design 80.00 82% 01:23:20 4.23
Agile project .

2 management 80.00 81 % 01:23:20 4.22
JavaScript

: 80.00 80% 01:23:20 4.21
Introduction

Recommended path :

Figure 71 : Recommendation for Adam Branch

The above figure proves that, even with some similar and some close values, the system
can distinguish the courses and still make an appropriate and correct recommendation
based on these values. The ranking order provided by the mobile application is similar to

the one we carefully calculated.

This example is the proof that the system reaches at the same conclusions as us and
therefore, that the algorithm is totally correct. We can even see that the grades are differ-
ent. That means that this very slight difference between just one of the three different val-
ues is passed on the grade and therefore is taken into consideration by the algorithm. The
algorithm can differentiate close values. We now also have the proof that the system
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takes everything into consideration when making its recommendation. All data, all values

are used and weigh in the calculation.

6.2.3 Conclusion

As mentioned earlier, we created different students for this test case with different values.
We tried to create all the possible scenarios in order to push the system in its limits and

detect any kind of error.

For each student we created, we inserted its data in the database, logged in the applica-
tion with its credentials and copied the recommendation table. We checked and compared

all results for the 25 students.

Each student had 3 courses with 3 different values. At the end, the 3 courses were ranked
from the mostrecommended one to the last recommended one. There were therefore 75
comparisons to make (25 students x 3 courses). The results can be seen in the figures

below:

A B F G H I J K L

44 |Malik Sullivan JavaScript dll 5000 = 50 i 100 1 i 1 Yes
5 UX Design il 8000 = 60 ¥ 10 B i 3 Yes

6 Agile project management | 2000 & 70 = 50 2 5 2 Yes

Figure 72 : Example of data and results for a single student

The full results can be seen on the following excel sheet:
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q - - 4 - - - - - - 4 -
1q | Galma Ericksan al572981 zalma.erickson@emailcom  JavaScript il 000 Hos0 H a0 1 - 1 Yes
- 1% Diesign il 000 A os0 #@ o 80 2 2 Yes
*© Agile project managemer il 2000 o0 H a0 3 o 3 Yes
7 | Mickolas Paran 31572962 nickolasmoran@email.com  JavaSeript il 5000 # oo @ m 1 1 Yes
o U Design [] 7000 A om # T 2 [ H Yes
1 Agile project managemer il 10000 & n L ] n 3 W 3 Yes
20 | Madeline Mendez 41572963 madeline. mendez@email com JavaSoript d 10000 # %5 @ 5 1 1 Yes
a U Design il 000 # w0 = &0 2 £, 2 ez
- Agile project managemer il 2000 & a0 30 3 - 3 Yes
23 | Gizelle Harrizan a1572964 gizelle harrison@emaileom  JavaSoript il 1000 & 2 S il 3 W 3 es
- U Design il 2000 T I 2 [ H Yes
25 Agile project managemer il 3000 L] L] a0 1 1 fes
z¢ | Faegan Miles al572965 raegan.milesi@email.com JavaSeript il 5000 = B0 = 50 3 W 3 Yes
o U Design il =] =B = E0 2 ' z es
28 Agile project managemer il 7000 A oT #H T 1 1 ‘ez
29 | Mia Willegas alGTZIEE miavillegas@email com JavaScript il 10000 = 60 2 an 3 W 3 fes
0 U Design [ 2000 # w0  # =0 2 2 2 Yes
3 Agile project managemer il 8000 [ L] 85 1 = 1 fes
sz | Joey Jensen alg72a70 joeyjensen@email com JavaSeript il 4000 & os0 = 50 2 W 2 Yes
- U Design i 2000 # @ FA 1 * 1 Yes
" Agile project managemer il 2000 $ 2 @ 5 3 - 3 Yes
2p | Aiomara Liktle al572ar siomaralittle@email.com JavaScript il 3000 & = 50 3 W 3 fes
i~ U Design ] 7500 # s A = 1 1 Yes
3 Agile project managemer il 2500 = 65 E2) T 2 : 2 Yes
35 | Yiviana Fermandez al572972 wivianafernandez@email.com JavaScript ] S000 1] 1] a0 1 W 1 ‘fes
34 U Design i 3000 = OB = ] 2 k4 z Yes
» Agile project managemer il 0000 = B0 5] 40 3 W 3 ‘es
41 | German Arnald alT729Ts german.amald@emaileom  JavaSeript il 000 A oe0 2 0 1 1 fes
. Ut Design il 7000 # w = &5 2 2 2 Yes
a2 Agile project managemer il 2000 & n = 50 3 W 3 fes
aq | Malik. Sullivan 2572974 malik.sullivan@email.com  JavaScript il 5000 = B0 & 00 1 1 es
@ U Design i 2000 = 60 @ 0 3 w 9 Yes
- Agile project managemer il 2000 EU ] = 50 2 .. 2 es
a7 | Eduardo Eriggs al572aTh eduardo.briggs@email.com  JavaScript il 5000 @45 H an 2 ks 2 fes
. Ut Design i 2500 = 8 @ m 1 1 Yes
o Agile project managemer il 10000 A 80 [ ] 10 3 3 3 Wes
5o | Dakota Con 2572978 dakota.con@email.com JavaSeript il 1500 & @ = 50 3 i 3 es
5 Ui Design il 5000 =0 B0 = 1] 2 [ 2 Yes
- Agile project managemer il 2000 ST T R 1} 1 1 Yes
53 | Charlee Arellanc 41672977 charlee. arellano@emailcom  JavaSeript il 5000 # 20 & 3 9 Yes
. 1% Diesign il 2000 A os D 8 2 7 H Yes
= Agile project managemer il 3000 A os0 @ w0 1 * 1 Yes

Figure 73 : Results of the test case

Out of these 75 comparisons, 75 were correct and not a single one was erroneous. The
25 students received the exact same recommendations from their mobile application that

they would have received by a teacher or a school counsellor.
In conclusion, this test case proves that the application and its algorithm is properly work-

ing and doesn’'t make any judgement mistake. We can affirm that the recommendation en-
gine built with the help of the artificial intelligence is totally reliable.

80



7 Discussion

When we began writing this paper we had a lot of open questions regarding artificial intel-
ligence, students’ learning activities and teachers teaching methods. We wanted to know
if it was possible to gather these three different aspects in one unique project.

We live at a time where data has become extremely rich and powerful. Artificial intelli-
gence, on the other hand, is more and more used as it is a proven method of adding value
to anything. At the same time, the educational system has changed and teaching and
learning methodologies have undergone a drastic change.

The challenge and the objective were to develop a modern platform that would take into
considerations these changes and that would be in adequacy with its time. It is no longer
possible to avoid using artificial intelligence and exploiting big data nowadays. Aware of
that, the challenge was to bring a new and useful solution for everyone.

No similar project has been undertaken in the past. We had individual information about
artificial intelligence, recommendation engine, studying mobility but nothing that combined
all these aspects together.

After developing our project, testing it and conducting some research, we can conclude
that there is an open window of opportunity in the use of artificial intelligence in the educa-
tional context. More encouraging, it definitely adds value for everyone. We revealed some

curious but interesting points which deserve to be studied more in depth.

Today, we can affirm that it is possible to provide a study path recommendation to stu-
dents with the help of artificial intelligence. We can prove that students’ learning activities
can be used as indicators for it and for teachers. We also demonstrated how teachers can
adapt quickly and easily their course content based on students’ learning outcomes. Also,

we have the proof that a mobile application help and motivate students to learn and study.
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8 Recommandation

Artificial intelligence is a large and wide area that requires time and investment to get the
most out of it. However, it is also an extremely interesting and fascinating field. The use of
Al has increased exponentially overs the lastfew years in almost every field. There is no
doubt anymore that it is a major assetin our environment and we have to work with it if we
want to stay competitive and attractive. | can’t imagine a business doing well without it
nowadays. It can be profitable for both the user and the company. Everyone wins when
using Al. The artificial intelligence and its sub-fields come with their advantages and bring
a new world of possibilities and opportunities that we have to seize. We are at a turning
point in our development and we have to get the most out of what technologies can bring

to us.

In this project, we included 2 sub-fields or artificial intelligence that are data mining and
machine learning. However, there is still a lot of other sub-fields that are equally
interesting and beneficial for us. Similarly, we have barely touched these concepts so
much their extent is great and their possibilities endless. It is already great to do what we
have done but we can still do much more and we have to do it.

As we saw and discussed in this report, we could have used the same data again and
again for different purposes and added other functionalities. There is no limit to what can
be achieved.

| found this project more and more fascinating as the development progressed and | am
convinced that the subject is fascinating and deserves to be deepened. The feedback
from the study case confirmed that as the students were happy with the prototype and
would have liked to use it on a daily basis. | sincerely think that if such a solution was

implemented today, teachers and students would benefit from using it.

That is the reason why | encourage everyone reading this paper or interested in artificial
intelligence applied in an educational context to pursue their idea and to develop new
solutions like this one. | am fully convinced that one day students will study with their

smartphones and that Al will help them make the right decisions for their future.
| regret the lack of interest and other researches regarding artificial intelligence in the

educational context but | am confident this will change soon. | hope that people will get
interested in similar solutions and that one day a school will build and use one. | am sure
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that after seeing the benefits of it, other schools will quickly follow their steps and

implement their own platform.

Finally, and regarding this project, | hope that it can serve Messrs. Dirin and Laine that
imagined the development of such a solution in the first place. | also hope that someone
will be interested in it and will want to continue or improve it. The source codes of the
mobile application, the back-end server and the website are all available on public
repositories on GitHub. It would be nice if the project continues to live and | would be
extremely glad and honoured if someone uses it one day.
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