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Abstract

The non-pro�t organization, Eureduka, is developing Oscar [1], an educational website intended to
support the work of teachers and to improve the learning experience of students (�gure 1). In its actual
state, the website provides tools to evaluate the knowledge and skills of students on precise questions. It
also provides educational resources adapted to the student’s level. One of the key concepts of Oscar is
to organize the skills in a tree structure where each node represents a speci�c skill. The tree abstraction
represents the order in which the student should master the skills where a "child node" should be
acquired after its parent. For example, the skill "multiplying integers" should be mastered before trying
to multiply decimals.

In this context, we were asked by the Oscar team to provide a new module whose purpose is to
assess mathematical reasoning skills for its website.

Figure 1: Oscar’s learning process [1]
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Introduction

In the context of our master thesis, we were asked to create a new module to be integrated into Oscar in
which students could be evaluated on reasoning exercises composed of multiple steps. On one hand, this
module should allow teachers to create new reasoning exercises in which they can de�ne the di�erent
steps composing a correct sequence. On the other hand, it should allow students to try to solve the
exercise by organizing the set of elements created by the teacher and presented to him in a random
arrangement.

Approach

The basic idea of the client was to allow teachers to create elements through a graphical interface and
to �ll them with various contents. Then he would give the elements a certain order and �nally, after
validation and submission, its students could access the exercise. He would see the elements randomly
displayed and would have to re-arrange them in the order the teacher intended. However, this was only
the basis of the original idea. The further the module advanced, the more we expanded this idea with
the client.

Objectives

The goal of the module is twofold. First, it should allow students to train on the theory covered by
the exercise. Second it should allow the teacher to evaluate the student’s skills and to get a better
understanding of the student’s level.

Limitations

Since the Oscar website is under continuous development, some of its parts are not working perfectly.
As a consequence, the integration part will be more di�cult than if it was not since we have to deal
with possible missing functionalities of the website. Moreover, some parts of our module might be
implemented but would not be functional until the needed components of the website are not either.
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Chapter 1

Theorizing the requirements of a
reasoning assessment module

In order to build a re�exion to identify possible tracks of implementation, we will take interest in several
topics surrounding the desired module and its goals.

1. First, we need to understand the basics of reasoning and particularly mathematical reasoning.

2. After that, we will see how reasoning is learned.

3. We will then be able to �nd out how to evaluate this mathematical reasoning.

4. We will therefore have the necessary means to identify some needed speci�cations of the desired
module.

5. Eventually, a proposition of a theoretical implementation will be given.

All the topics discussed in this chapter are the work of a personal questioning about the stakes
surrounding mathematical reasoning with the help of existing research. It will aim to give a non-
exhaustive critical view to induce a logical path of development for the desired module.

1.1 What is mathematical reasoning ?

Reasoning is the work of taking or receiving information and using knowledge and past experiences to
compare this information to draw conclusions. This skill can be taught and improved upon.

Thus, mathematical reasoning is using mathematical knowledge on new informations to draw
mathematical conclusions. For example, a mathematical reasoning exercise could be : "Let A be a set of
numbers, classify those numbers in sets with di�erent properties".

"Mathematical reasoning is important. It’s the critical skill that enables a student to make use of
all other mathematical skills. With the development of mathematical reasoning, students recognize
that mathematics makes sense and can be understood. They learn how to evaluate situations, select
problem-solving strategies, draw logical conclusions, develop and describe solutions, and recognize how
those solutions can be applied. Mathematical reasoners are able to re�ect on solutions to problems and
determine whether or not they make sense." [2]
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1.2 How to learn reasoning ?

There are several ways to learn and improve one’s reasoning [6] :

1. Expression and freedom : By giving students the opportunity to express themselves and to argue
their choices, we allow them to take a personal part in the daily life’s di�erent activities and to
explain their believes and re�exions to other ones.

2. Confrontation and adaptation : Another way to improve one’s reasoning could be to encourage
confrontations between multiple re�exions in di�erent situations, topics to induce a process of
validating the reasonings. To argue about a topic is to extract di�erent informations building the
subjects and apply a certain reasoning to keep only the relevant information and discard the rest.

3. Research and autonomy : As the reasoning is a research, we can build an environment in which
students need on their own to investigate topics in which they give interests to build re�exion
paths.

4. Analyzing and questioning : By questioning and analyzing the world around ourself, we enable
critical reasoning. This create a philosophy of learning and improving the general understanding
composing our daily life.

1.3 How to evaluate mathematical reasoning ?

By de�nition, in a reasoning exercise, the interrogator gives a set of information and a reasoning question
that the student will analyze with his knowledge to give an answer.

The goal of a reasoning exercise is to assess the student’s reasoning skill and skill’s knowledge.
However there is an in�nite quantity of subjects for exercises. Reasoning exercises can apply to every
skill and its set of knowledge. Depending on the phrasing of the question, the type of expected answer
and its format, the resulting exercises can be very di�erent.

In order to give an answer, the student will use his reasoning capabilities. Although, there are
di�erent types of reasoning, everyone has their own. If we ask a student to classify numbers, he can
start from the beginning of the list, from the end, from the middle, ... there are many possibilities.

In this type of exercise, there are two endogenous variables, directly linked to the content of the
exercise, the information given and the question with the expected answer, and there are two exogenous
variables, linked to the environment of the exercise, the knowledge of the student and its reasoning
process, and his answer.

We can remark that the endogenous and exogenous variables have in�nite possibilities. Even if the
endogenous variables can be limited to a particular set of questions/answers and a set of knowledge, the
exogenous variables will always be in�nite.
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1.4 Requirements of the desired module

Thanks to the analysis of reasoning and mathematical reasoning, we can extract requirements for the
desired module.

The desired module can limit the student’s ability of reasoning with its own environment. As the
reasoning is not just a computation of complex or basic operations but the computations of logical links
between various skills, the liberty of actions is a key factor to consider but can also limit the teacher’s
ability to assess the students correctly.

Indeed, to have the perfect environment, we need to allow the teachers to create, on one hand, an
in�nite number of di�erent questions, on the other hand, for an in�nite number of possible subjects.
But, we also need to allow the student to answer the exercises in any possible way, that is to say an
in�nite number of answers, in an in�nite number of formats. However, this is obviously very di�culty
or even impossible to achieve.

Nevertheless, we can create a non-exhaustive list of properties that a reasoning assessment tool
should have :

- to provide �exibility to the teachers. The teachers need liberty to write the most appropriate
question that will ask the students to use correctly his knowledge for the skill.

- to provide �exibility to the students. As there is no single way to reason, a student shouldn’t be
impacted by the way the answer needs to be formated.

- to be easy to use for the teachers and students.

1.5 Proposition of a theoretical implementation of the desired mod-
ule

In a school, at university, the use of paper provides the teacher a way to ask any question that can be
answered in a 2D format and at the same time, provide the student to give any answer of that format.

To recreate this �exibility, we can imagine the use of a white board tool where the student could, at
his will but with some constraints impacted by the environment, grab or create objects prede�ned by
the teacher and move them, write down his thinking, draw graphs and other �gures, modify objects, ...
It also gives the teacher a large variety of ways for the student to be tested.

However, while building such a tool would provide a very good environment for the students and the
teachers, it would require a lot of development and a high-level of compatibility between the di�erent
options/sub-tools.

This idea can be partitioned in sub-problems by the use of templates. A template for a white board
tool is a prede�ned state and use of the white board. It would restrain the liberty to some degree while
still allowing the teacher to create creative question for a precise themed type of questions. And as
the need for new ways of assessing methods is needed, new templates could be programmed into the
module to �ll those needs.

For example, we can imagine a question in which the student need to order a set of steps. This
question could be translated in a pre-de�ned template like �gure 1.1. Where the items are randomly
placed on the left, waiting to be ordered in the cells on the right.
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Figure 1.1: An example of template for ordering questions
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Chapter 2

State of the Art

Nowadays, digital learning is becoming more and more predominant thanks to its easy access, diversity
and other advantages. Various applications and websites already o�ers similar services to the desired
module. In this section, we are gonna talk about such applications and websites and how they achieve
digital learning.

2.1 Learning apps

Learning apps [8] is a website providing tools allowing teachers to create learning applications. In order
to make it easier, the teachers can choose between multiple templates to create their own exercises. As
we are asked to create a module to evaluate mathematical reasoning, three templates, Number Line,
Simple Order and Group Assignment seemed really interesting for us. Indeed, they all consist of placing
elements in the right position.

For the �rst one, the particularity is that you have to place them on a line with scaled units (for
instance it can be years and you have to place historical events in the corresponding period of time) as
can be seen in �gure 2.1.

Figure 2.1: Number Line

6

https://learningapps.org/176626
https://learningapps.org/2030383
https://learningapps.org/createApp.php


The second one, consists in placing elements in the right corresponding set as illustrated �gure 2.2.
For example, if you take an example where the sets are fruits and vegetables, you would put the apple in
the �rst set.

Figure 2.2: Group Assignment

For the third one, the elements can be moved freely on a canvas and the app will automatically
establish their order as seen in �gure 2.3 and 2.4.

Figure 2.3: Simple Order
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Figure 2.4: Simple Order resolved

The Oscar team asked us to take this website (especially the three exercises that we talked about) as
an example of what they would like the module to be.

2.2 Adobe captivate

The famous software company Adobe System is developing Adobe Captivate, a tool allowing the creation
of drag & drop based exercises. For example, the �gure 2.5 shows an exercise where the user has to
replace the name of elements of the hearts at the corresponding place.

8



Figure 2.5: Creation of an interactive exercise through Adobe captivate [9]

2.3 Language learning

Placing words in the right order is also a common exercise in order to learn a new language. There are
several applications that are doing this such as Tolearnenglish [10] or Duolingo [11].
Tolearnenglish is a website which, as stated in the name, helps to learn english. Among the exercises
proposed, one of them displays elements of a sentence in a random order, and you have to reorder them.
However, this site doesn’t use a drag and drop tool, you have to click on elements so they disappear and
reappear in a box next to their location. So of course you have to click on the �rst word �rst, then the
second, ... Moreover, if you want to correct something, you have to click on the window and have to
restart all over, which is not very intuitive. A screenshot can be seen �gure 2.6.

Duolingo is a very well-known language learning application with a web interface and a smartphone
application. Basically it uses the same principles as tolearnenglish, except that for the mobile application
you have to use your �nger. For the web application, you can use drag and drop elements using the
mouse. A screenshot of this app is shown �gure 2.7.
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Figure 2.6: ToLearnEnglish

Figure 2.7: Duolingo
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Chapter 3

Requirements analysis

Throughout this chapter, we will analyze the requirements on multiple angles that will allow us to
extract di�erent details on the desired module.

As the module is internally divided in two parts, the creation of questions by the teacher and the
answering by the students, each approached angle of the analysis will be divided into the teacher and
student’s point of view.

3.1 Client Requirements

For its website, the Oscar team, represented by Laurent Fourny (the founder), wanted a new way for
teachers to evaluate the level of their students. This new module should allow teachers to create exercises
capable of evaluating the mathematical reasoning skills of students. Those exercises would consist of
di�erent elements that the student should place according to the teacher’s intended order.

For example, let’s think of the steps needed to draw the "incircle" of a triangle. In order to do that,
the student has to go through a number of steps such as drawing the bisectrix, the circle, ... Those
steps can be decomposed into smaller steps, such as �nding the points that the bisectrix goes through.
Therefore the teacher could create one "element" for each step with his description inside. He would
also provide the order of the elements corresponding to the "right" one. Then the student would be
able to "do" the exercise, more precisely he would be given the di�erent steps in a random order and he
would have to place them in the correct disposition.

In order to be usable by real students and teachers, the module needed to be user-friendly. That’s
why the Oscar team requested a drag&drop interface, where the student could move the elements with
his mouse, which is more intuitive than clicking or re-writing blocks for example.

3.2 User Stories

In order to better understand the di�erent tasks that the module should allow to accomplish, we wrote
user stories. Each user story is a sentence that de�nes a functionality to be developed by answering
three questions, "Who ?" , "What ?" , and "Why ?".

Teacher’s point of view

A. As a teacher, I can create a new drag and drop exercise to assess my student.

B. As a teacher, I can add as many blocks as wished to complete my exercise.

C. As a teacher, I can �ll the di�erent blocks with either a text or an image to complete my exercise.
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D. As a teacher, I can move the elements of answer how I want across a canvas so I can give them
the right order.

E. As a teacher, I can choose to make either an ordering or a classi�cation exercise so it’s the most
appropriate for my question.

F. As a teacher, I can validate my new question and make it accessible for students so my students
can be assessed on this subject.

Student’s point of view

A. As a student, I can access a question of reasoning and read the statement so I can have recommen-
dations corresponding to my results once I �nished it.

B. As a student, I can move the elements how I want across the canvas so I can order them and
answer the question.

C. As a student, if in training mode. I can validate my answer to get appropriate feedback.

D. As a student, if in exam mode, I get recommendations for appropriate course material to extend
my knowledge.

Unfortunately, there is no training mode available in the versions of Oscar we worked with. Consequently,
for the last two user stories, we will implement the basis for it but it will not be available until a training
mode is implemented.

3.3 User Scenarios

In order to better understand the behavior of the module, we wrote the following user scenarios. Each
user scenario is a �ctitious story of a user using the module with the previously de�ned goals.

Teacher’s point of view

Robert, a registered teacher on the website, is creating a question for his students :

1. Robert selects the question type "ordering question".

2. Robert writes the instruction of his question.

3. Robert de�nes the blocks to be ordered that will be available for the students.

4. Robert puts the blocks in the order that he de�nes as the right one.

5. Robert validates and submits his exercise.

Student’s point of view

Philip, a student from secondary school, is answering a reasoning question created by Robert, his teacher.

1. Philip reads the statement of the question.

2. Philip moves the elements at his will on the provided drag and drop section.

3. Philip validates his answer.

4. Philip receives recommendations for appropriate course material if in exam mode.

12



3.4 Mock-ups

In order to have a more visual idea of the module that we would implement, we have designed some
mock-ups shown in the following subsections. They allowed us to be sure that we understood well the
desiderata of the client. Of course, it was only an idea of what the module could look like. Progressively,
as we were implementing it, we adapted our ideas thanks to the fact that we could see what it looked
like in reality and based on the feedback of the client.

Teacher’s point of view

As the teacher needs to be able to create a complete new question, our �rst idea was to have a basic form
to be �lled up, as can be seen �gure 3.1. The teacher would �rst have to choose between the di�erent
types of canvas and then to add the desired boxes and their information. At the end, the teacher would
submit the exercise reviewing a complete preview resulting of the �lled form before con�rming the
whole process of creation.

Figure 3.1: Our �rst idea for an interface for the creation of a question
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However, our supervisor had the idea of having a "what you see is what you get" interface, i.e
the teacher would see the same things that will be displayed to the students. So we decided that the
teacher would �rst have to choose the type of question he wants, and then the corresponding canvas
would be displayed. Then he could just add/delete blocks, and �nally arrange them in the correct order.
Eventually he would submit the whole exercise and we would just retrieve all the information to be
stored in database. The result of this idea can be seen �gure 3.2

Figure 3.2: Our second idea for an interface for the creation of a question
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Student’s point of view

As for the student, he will only need to receive the full already established exercise in which he will not
be able to modify any information. But the student will need to be able to move the di�erent boxes to
form the suitable answer to the exercise.

Figure 3.3: Mock-up : ordering exercise resolving

The �rst mock-up shows the initial dis-
play of the question visible by the student.
The elements are shu�ed in the middle
and each element isn’t necessarily visible.

Figure 3.4: Mock-up : ordering exercise resolving

Then the student can sort and move the
elements to the right column.
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Figure 3.5: Mock-up : ordering exercise resolving

When the student has placed every an-
swer to the chosen place. He can validate
his answer.

Figure 3.6: Mock-up : ordering exercise resolving

If it’s a training, the good answers will be
represented by green and wrong answers
by red. If it’s a test, the student will be
redirected to his home page with appro-
priate course material recommendations
according to the result of the test

As we were implementing our module, both us and the client thought that it would be more handy
if the user could place the boxes anywhere in the canvas rather than in little emplacements. The order
would be calculated with their absolute position, with the origin point being at the top left of the canvas.
The result of this idea can be seen in �gure 4.10.

Moreover, the last two mock-ups correspond to the training mode, which is not implemented in
Oscar yet. As a consequence, when the student validates his answer, he will not have a correction.
Instead, he will be redirected to his home page, with his recommendations updated according to his
results (we’ll talk more about it in the implementation section).
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3.5 Functionalities

Here is an exhaustive list of functionalities that needs to be implemented.

3.5.1 Draggable Blocks

The core idea of the module is the "drag and drop" interface. Our module uses JQuery (we will talk
about it later) in order to enable this functionality. The idea of "drag and drop" here is to have elements
that can be moved across a pre-de�ned container by clicking on them and holding the click. While the
click is held, the element will simply follow the mouse, and then the user can release the click when the
element is in the wanted position.

3.5.2 Content

In order to be relevant, the boxes must have content. The �rst content we need to implement is simple
text that the teacher would have to type with his keyboard. Then, as the teacher will write mathematic
questions, it’s very important to be able to display well written mathematic functions.

Additionally, we thought of one more sophisticated content, images. An image content would give a
lot of �exibility to the possible content of the boxes. Instead of drawing graphs directly into the website,
they could be drawn in another application or on a real board and added through this functionality.

3.5.3 Three types of canvas

As the exercises’ variety in mathematics is vast, we will need to implement multiple types of questions
based on the same environment (drag and drop) but with di�erent goals. The client required the three
following types of exercises : ordering, classi�cation and what we called "graduated line".

Ordering

The �rst basic question type required by the client was to allow the creation of ordering exercises. For ex-
ample, the statement could be : "Given a certain set of fractions, order those numbers in ascending order".

With drag and drop, the most natural way to do it from the student point of view is to display the
elements in random positions and then letting them arrange the blocks by dragging them. When he has
�nished and submitted his answer, we then need to retrieve the order using the positions of the boxes.

Classi�cation

The next type of exercise was the classi�cation exercise. For example, "Given a certain set of numbers,
classify them in the appropriate sets". (�gure 3.7)
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Figure 3.7: Example of classi�cation exercise

With a given number of sets, each with di�erent properties, the student is tasked to put each element
in the correct set. The teacher should be able to choose the properties of the sets and their title.

Graduated line

The last type of exercise of our module is what we called "graduated line". In this type of exercise, the
goal of the student is to put elements on an axis in the right interval, just as in the "number line" exercise
from Learning Apps.

To have a better idea of how it works, let’s think of the following example of the creation of such
exercise. First, the teacher has to specify an interval (for example 0 to 3) and then a number, for example
6. In this case, a line will be displayed and will have 7 indexes (0, 0.5, 1, 1.5 until 3.0). Then the teacher can
create boxes with for example fractions within the range of these intervals (11/6, 27/10, ...). Eventually
the student will have to replace the boxes in their corresponding interval.

3.5.4 Feedback

Assessment mode

In assessment mode, once the student submitted his answers, there are two possibilities : either he
succeeds, and in this case the skill is validated, or he fails, and in this case the skill is not validated. In
addition, Oscar will suggest the student appropriate resources so he can improve himself.

Training mode

In training mode, the student needs to have a possibility to learn from his mistakes. And in the same
way, the teacher needs a way to give appropriate feedback to the student.

There are two possible types of feedback :
1. General feedback on the question. This feedback would give hints to how to approach the question

type and its subject.

2. Specialized feedback on an answer. This feedback would use the answer of the student and target
what were his mistakes.

However, as we previously said, the training mode was not available in the version of the website
we worked on. Therefore this functionality will be implemented in a basic way for further developments
but will not be functional.
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Chapter 4

Implementation

In this section we talk about the implementation of our work (which technologies we used, how we did
it, ...) .

It is important to note that for reasons beyond our control, the site being in development, we had
access to Oscar’s code much later than we expected. As a result, we had to begin coding before having
access to the code and therefore, we had to do sometimes the work twice since it was not the same
implementation to make our code work in a stand-alone fashion or integrated in the website. We thus
had less time than foreseen for the development.

4.1 Approach

4.1.1 Methodology

We used an "agile way of thinking" to implement our module. Even with a team of two developers only,
it appeared like the best organization for our project.

"Agile software development describes an approach to software development under which require-
ments and solutions evolve through the collaborative e�ort of self-organizing and cross-functional
teams and their customer(s)/end users(s). It advocates adaptive planning, evolutionary development,
early delivery, and continual improvement, and it encourages rapid and �exible response to change."
(Wikipedia) [13]

This methodology de�nes roles for each member of the project, such as the product owner, repre-
sented by Laurent Fourny here. He also played the role of stakeholder since he represented himself.
There are also the team members, us (Nicolas Tonon and Antoine Habran). Finally, Kim Mens was
somehow playing the role of team leader, even though he was not doing every aspects of this role since
it was not "his" project, he was kind of an advisor.

Agile also cuts the implementation phase into small increments. This way the up-front planning is
minimized. Each iteration (or sprints) are short time frames (usually one or two weeks) in which precise
functionalities have to be planned, analyzed, coded and tested.

Each sprint resulted in a meeting with the client where he would give us a feedback on the imple-
mented functionalities and where we would de�ne the following things to do.
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Figure 4.1: The functioning of Django in a web application [16]

4.1.2 Philosophy

Agile was really adapted to us since, as the name suggest, it implies an agile behavior. By this, we mean
that as we worked on the project, new ideas came to us and through discussion with the client, we took
the initial idea and made it evolve to what we hope is a better result.

We were also agile in our way of working. We didn’t strictly divide the work from the beginning,
we tried both to work on every aspect of the module, from the analysis phase up to the integration.
Through communication we regularly de�ned which part of the work we wanted to do, and thanks to
that, we were really in phase with the agile philosophy

4.2 Framework

Oscar is developed with the web framework Django. A web framework is a tool designed to support the
development of web applications. It provides standardization in the way the development is done, it
aims to automate tasks in order to prevent developers to redo work that has been done before. To be
more precise, many websites require similar functionalities. For example an account system (for signing
in and signing up), an administration panel or even a �le management system [14].

Therefore, rather than having to re-implement those things from scratch every time, the framework
automates such functions. For example, a web framework can facilitate the interactions with the
databases by providing a library with functions that are easy to use for the developer but that do the
whole process of interaction with the database without showing it [14]. That’s exactly one of the features
of Django.

4.2.1 Django

Django is a free and Open-Source web framework, written in Python which follows the model-view-
template or MVT (that will be explained later) [15]. As said in the previous section, the goal of Django is
to provide a set of tools helping to develop web applications more easily and quickly. A representation
of how Django works can be seen �gure 4.1.
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Figure 4.2: Model view template representation [17]

Model View Template

Django is based on the MVT (model-view-template) architecture. The MVT is very close to the best
known MVC architecture (model-view-controller). "The model-view-controller is an architectural pat-
tern commonly used for developing user interfaces that divides an application into three interconnected
parts. This is done to separate internal representations of information from the ways information is
presented to and accepted from the user. The MVC design pattern decouples these major components
allowing for e�cient code reuse and parallel development." [18]

The three parts are the following [19] :

• model : An abstraction of the data. It’s not the data itself, but a representation of it. It allow
to have transactions with the data without knowing the intricacies of the underlying database
through an interface.

• view : The way the data are represented on the screen. The view also provides an interface to
collect the user inputs.

• controller : It controls what is exchanged between the model and the view. More precisely, it
controls what can be pulled from the database and passed to the view so it can be displayed to the
user. The controller also get the inputs of the user through the view and passes it to the model.

The main objectives of the MVC architecture are to ease both simultaneous development and code
reuse. Django is essentially based on the MVC but with a di�erent way of handling the controller part :
it is handled by the framework itself, hence the "template" rather than the "controller". A schematic
representation of the functioning of the MVT can be seen �gure 4.2.

4.3 Front-End

Our module uses a combination of HAML, CSS and Javascript for the front-end (i.e the look and behavior
of the pages). We chose them because they are used in Oscar. Moreover, those technologies (if we
consider HAML as HTML, we will explain why later) are the most commonly used technologies for the
creation of web pages. They all have a di�erent role. HTML handles the structure and gives sense to the
content, CSS manages the look and �nally JavaScript is in charge of the dynamic behavior.
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(a) HTML code (b) Result

Figure 4.3: Example of a basic form in HTML without BootStrap

(a) HTML code
(b) Equivalent HAML code

Figure 4.4: Example of a basic HTML code and its HAML equivalent [21]

4.3.1 HTML

"HTML is the standard markup language for creating web pages." It describes the structure of Web pages
using markup, its elements (represented by tags such as "heading" or "paragraph") are the building
blocks of HTML pages [20].

An example of a trivial HTML code can be seen on �gure 4.3. HTML is often used with CSS
(Cascading Style Sheets) for the aspect of the elements of the page such as the color, the size or even the
place of those elements, and JS (JavaScript) for its behavior.

4.3.2 HAML

"HTML Abstraction Markup Language" or HAML is a simpli�ed version (mainly in term of syntax) of
HTML. The �gure 4.4 shows a simple HTML �le and its equivalent in HAML. We can see that the HAML
code is much more concise and simpler to read.

In our module, we use HAML to organize the interface of the teachers and the students. The �gure
4.5 shows how we organize the drop-down menu and the buttons that add boxes. The result can be seen
�gure 4.12.

4.3.3 CSS

"Cascading Style Sheets (CSS) is a style sheet language used for describing the presentation of a document
written in a markup language. CSS is designed primarily to enable the separation of presentation and
content, including aspects such as the layout, colors, and fonts. This separation can improve content
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Figure 4.5: HAML code for the teacher page

(a) css code
(b) result

Figure 4.6: Example of a css code in our module

accessibility, provide more �exibility and control in the speci�cation of presentation characteristics,
enable multiple HTML pages to share formatting by specifying the relevant CSS in a separate .css �le,
and reduce complexity and repetition in the structural content." (wikipedia) [22]

CSS allows a more e�cient and easier control of the look of the content written in HTML.
The �gure 4.6 shows an example of the use of css in our code. Here, we con�gure a box with many

parameters among which the size, the height and width or even the background color.

4.3.4 JavaScript

"JavaScript is a full-�edged programming language interpreter embedded inside a web browser. It does
anything that a regular language like Java allows, among which :

• Declare variables

• Store and retrieve values

• De�ne and invoke functions

• De�ne your own classes" [23]

It can also interact with the HTML/CSS of the pages : adding, deleting or modifying content , ... Usually,
JavaScript is used to have dynamic behavior in a web page, for example, it can change HTML content
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Figure 4.7: JavaScript code for actualizing the rank of blocks.

(a) HTML code

(b) Result

Figure 4.8: Example of a basic form in HTML without BootStrap

after a speci�c event occurred. In our module, we use JavaScript in order to refresh the state of the
blocks. More precisely, if we are in an ordering exercise, we have to determine the rank of each block in
real time. So when a user drags a block, its rank will be modi�ed according to the new position of each
block. The code for this functionality is shown �gure 4.7

4.3.5 Libraries

Since CSS and JS are somehow pretty "low-level", using them from scratch can be a waste of time. Indeed,
there are libraries for those technologies that allow us to build things more quickly and easily. For
example, when one makes a basic form in HTML, it looks stern at �rst, and modifying it with basic CSS
would take unnecessary time.

(a) HTML code

(b) Result

Figure 4.9: Example of a basic form in HTML with BootStrap
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(a) Before Bootstrap

(b) After Bootstrap

Figure 4.10: Enhancing our module with BootStrap

BootStrap

Thanks to a library like BootStrap [12], you can save a lot of time by taking the already existing element
like buttons, input �elds, ... An example of the use of such a library can be seen �gure 4.8 where you
can see an example of a code for a basic form and the result in a browser, and �gure 4.9 where you can
see the same code but with using Bootstrap [24]. You can also see that the number of line of code is
the same in both cases. Its simplicity and beauty was perfect for our needs since we wanted something
e�cient and good looking. The �gures 4.10a and 4.10b show before and after the use of BootStrap on
the �rst versions of our module. We can clearly see an enhancement both visually and ergonomically.

Drag&Drop

Since our module is based mostly on "Drag&Drop", we needed to �nd a library implementing it and
which would also be �exible enough so we can have a perfectly �t result. On a previous project done
with Oscar for the class of software development project, we used JQuery [25], a powerful JavaScript
library implementing amongst other things a simple but e�cient Drag&Drop functionality that the Beta
version of Oscar used. It should be noted that halfway through the implementation, the client announced
us that the new version of Oscar instead would use React [26], a JavaScript library for building user
interfaces.

After discussion, we decided to continue with JQuery because, �rstly, we wouldn’t have had the
time to start over the module with a library that we would have to learn from scratch and secondly, the
site not being fully functional yet with React, the integration would have been even more complicated
than with the current version.

MathQuill

In order to display mathematical writing, we chose MathQuill a library used by Oscar that we also used
during our previous project done with Oscar. MathQuill is a web formula editor designed to make typing
math easy and beautiful. It transforms Latex into displayable text. However, as a result of an update,
MathQuill is not working properly anymore, thus removing the functionality of creating mathematical
function in latex that would have been displayed into the boxes composing a mathematical reasoning
exercise.

Furthermore, we learned during the project from the Oscar team that it was one the reasons for
which they were switching to the React framework.
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4.4 Back-end

The back-end of Oscar being completely handled by Django. We didn’t had to implement any big
function in the back-end. However, we had to tweak some functions to accept our new question type
and to enable the evaluation and withdrawal of the student answers.

4.5 The module and its Integration

In this section, we will talk about the proper implementation and integration of the module. The code is
available at https://github.com/ntonon/oscareducation.

As we integrated our work into the Oscar’s website, all of the code is not ours. A way to see what is
from us is to check the commits since April. Also, here is the exhaustive list of all the �les we worked
on :

1. /templates/examinations/exercice_rendering.haml were modi�ed in order to display the new ques-
tion type for the students.

2. /templates/professor/exercice/validation_form.haml and /templates/examinations/drag_and_drop.haml
were modi�ed in order to display the elements to allow the creation of a new reasoning assessment
question for the teachers.

3. /promotions/static/js/drag_and_drop.js was created to handle the javascript for a student to answer
a question of our type.

4. /promotions/static/js/professor_validate_exercice.js was modi�ed to gather the di�erent informations
of the created questions of teachers.

5. /promotions/models.py, examinations/validate.py and student/views.py were modi�ed to accept our
new type of question at the validation, correction and evaluation.

6. oscar/static/css/drag_and_drop.css was created to modify the visual displays of the di�erent tem-
plates.

7. templates/base.haml was modi�ed to link the added css in the project.

If you desire to test it, you must �rst install the Oscar website by following the instructions on the
"readme". Then, you have to be connected as a teacher, choose a class, and then create an online test.

4.5.1 Oscar

Before digging in the integration, let’s �rst explain a bit how Oscar works and where our module will
be integrated.

In Oscar, teachers have classes composed of students. One of the functionality is the ability for the
teachers to propose resources for speci�c topics. He can also propose tests concerning those topics.
Beside that, the students can access the resources and the tests proposed by their teachers. And once he
passes a test, if he fails, the site will suggest resources related to the topic. Our goal is to create a new
module proposing the types of exercises mentioned in the requirement section for the creation of tests.
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4.5.2 Teacher’s side

We began the integration by adding our module to the questions creation section inside the test creation
module for teachers. So when a new test is created, while creating a question, a new type, "question de
raisonnement mathétmatique", now appears as we can see �gure 4.11.

Figure 4.11: Creation of a new question

After the teacher chose the new question type, he can choose the canvas of his exercise. On �gure
4.12, we can see an example with a 2-Set canvas for the creation of a classi�cation exercise while the
�gure 4.13 shows the creation of a ranking exercise. Finally, the �gure 4.14 shows the creation of a
graduated line exercise.

Figure 4.12: Creation of a 2-Set question
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Figure 4.13: Creation of a ranking question

Figure 4.14: Creation of a graduated line exercise

Once the teacher chose the type of the canvas, he can start adding his blocks. As mentioned in the
requirements, we implemented the following types of content for the blocks : text, images and math.
For each of these contents, there is a corresponding add button. We also have a fourth button, that we
called "perso". It allow to con�gure your button from scratch through a pop-up which we will talk about
later. Moreover, di�erent types of blocks can be putted together in a question. For instance, let’s think
of a teacher doing set exercises where the student has to classify shapes. The teacher could give either
an image of a shape with info on it or a textual de�nition of it.
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Once a block is added, it has to be completed. For the text, the teacher has to type it with the
keyboard. Concerning the images, a button is placed at the bottom of the box as can be seen �gure 4.15.
This button opens a window allowing the user to upload a picture from his computer. Once the image is
uploaded, it appears in the block. Since the image’s size will be adapted in order to �t in the block, it is
likely that the image will be too small to be seen correctly, so we implemented a zoom function : when
the image is clicked, it will appear bigger as can be seen �gure 4.16.

Moreover, each block has two buttons. The �rst one, with a trash icon, deletes the blocks when
clicked. The other one opens a pop-up (visible in �gure 4.18) when clicked. This pop-up allows to edit
the box : its type, content, hint ("indications pour l’étudiant en cas de mauvaise réponse") and if it’s
anchored ("ancrage de la boite") or not. The hint, as we said before, is not functional since Oscar doesn’t
have a training mode in the version we worked on. About the anchor, if a box is anchored, it means that
it will not be able to be moved by the student. We can imagine a teacher who wants to put a pre-assigned
box at some place in order to give an example. He can then anchor this box to the current position.

Figure 4.15: Uploading of an image
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Figure 4.16: Image zoom

Figure 4.17: Creation of a question with images

Figure 4.18: Blank pop-up
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4.5.3 Student’s side

Once a student logs in the website, he arrives on the page shown �gure 4.19. When his teacher creates a
new test for his class, they are shown on the right of the page of the student and he can access it. Up to
this point, this is part of the Oscar website. Our module takes control when the student begins the test.

Figure 4.19: Home page of a student

An example of a set exercise in progress is shown �gure 4.20. Since we designed our module in a
"what you see is what you get" way it looks exactly like the interface of the teachers.

Moreover, when a student passes a test, the website will react according to the result. If the student
fails, he will have recommendations for the concerned topic on his homepage. An example of such a
recommendation can be seen �gure 4.19 in the "Compétences recommandées" (recommended skills)
section : here the student failed our exercise concerning this topic, therefore the website advise him to
deepen the theory.
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Figure 4.20: Example of a 2-set question

Figure 4.21: Example of an ordering question
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4.6 Architecture diagram

To give a better understanding of the global work established into the di�erent parts of the website, we
have designed an architecture diagram for the creation of a question and another for the answering.

Each board is a technology and each box is a process. Each process is realized under a certain
technology. Often, a process launches another process which is represented by an arrow pointing to the
launched process. Some technologies don’t involve directly a process but in�uence them indirectly and
they are linked directly to which technology they in�uence.

Teacher’s point of view

Figure 4.22: Architecture diagram of the tasks composing the question’s creation
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Student’s point of view

Figure 4.23: Architecture diagram of the tasks composing the question’s answering
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Chapter 5

Validation

5.1 User tests

When carrying out a project, one has to make sure that the result is "valid". More precisely, it is necessary
to verify that what has been done matches the expectations. In our case, the most important point to
verify was that the product is usable by real users. However, we couldn’t trust only ourselves in this task.
Indeed, the fact that we developed the product, and that we are "advanced computers users" (we are study-
ing IT) was making our point of view biased when it comes to evaluate how easy is the use of the module.

So, for the purpose of testing the module, we’ve asked some "testers" to try it and give us feedback
on prede�ned tasks. In order to have varied and relevant points of view, we tried to have "testers" with
various pro�les. We asked to high school student since high school students are targeted users. We
also asked our promoters, beside the fact that they had to see the module for the thesis, Kim Mens and
Laurent Fourny are in the education sector, thus they are also potential real-users. Finally, we asked
fellow university students so we could have more neutrals points of view.

5.1.1 Protocol

The user-tests were logically divided into two parts :

1. Beforehand, we prepared one question for each exercise with the answers and with either texts or
images as content for the boxes. The testers was told each question one by one and had to create
them using our module and the di�erent canvas types. Also, we only had them tested exclusively
the parts of our module. At the moments where it was about Oscar’s functionalities (connection,
creation of a test...), we did the manipulations ourselves.

2. After, we gave them access to one student account previously created to answer the questions
they just created. So they could feel the result of the previous work and see if it matched their
expectations.

5.1.2 Feedback

The feedbacks we had was very disparate. Some were positive, the users generally appreciated the
intuitiveness of the module along with the "what you see is what you get" part for the teachers which
they found very handy. Beside that, they appreciated the interactivity, the simplicity and the overall
design of the interface. Though, it might be possible that the feedback was in�uenced by the fact that
we are students. Maybe they wouldn’t have been that indulgent otherwise. Nonetheless, they were
probably not totally untrue since the di�erent feedbacks were similar in general.
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Besides the positive aspects, negative but constructive criticism came along :

1. First, rather than clicking on a button to add a box to the canvas, our testers would have preferred
to be able to drag them which would have been much more intuitive. However, due to a lack of
time, we weren’t able to implement it.

2. Then, in the 4-set exercises, a user noticed a weird behavior, when typing the title of the upper-left,
he would have expected that pressing the tab key would lead him to the upper-right set title,
then to the bottom left and �nally to the bottom-right. Yet, from the upper-left, he was led to the
bottom-right title, then to the bottom-left. This was due to the fact that we appended the set to
the page in the wrong order. So the HTML made the order of the set from that and therefore, the
order was upper-right, bottom-right, bottom-left and �nally upper-left. This minor problem is
the kind of bug that you hardly detect and that can be more easily detected with these kind of tests.

3. Next, a more annoying point raised by all the testers and that we were aware of was that when
you dragged an image box by clicking on the picture, the zoom would automatically be triggered
even though they were only trying to move the box. We left it like that because we thought
this was something the users would deal with it, but we were obviously wrong. We �xed it by
deactivating the possibility of dragging on the image.

4. Also, the testers raised some possible enhancements such as little indications for the user in order
to make him understand the purpose of some elements or how it works.

5. Finally, some testers noticed minor bugs, for example, one which occurred with the pop-up. When
changing a text-box to an image box, the upload of the image became impossible.
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Chapter 6

Step back

In this section, we’re gonna step back and analyze our whole project and in which way we can improve
ourselves in the future.

This thesis taught us a lot. The whole process of creating and integrating a module to an already
existing website is very challenging. Of course, with the bene�t of hindsight, we realized what we have
done wrong, what we have done right, what we should have done, what we shouldn’t, ...

6.1 Set backs

Our �rst big mistake was to begin the implementation without having the code of Oscar. As we said
before, it increased the workload and thus made us loose a lot of pure development time. Another
consequence of this, which is also due to miscommunication with the client is that since we already
worked with Oscar before, we assumed that the technologies used by the website didn’t changed by then.
Yet, Oscar being in development, they did change the architecture of the website and its technologies.

A way to avoid those kind of problems would have been to communicate a lot more with the client
and his team. Even though it’s not as simple as that since both the Oscar team and us had very tight
schedule, we clearly could have improved the communication and made it more e�cient.

6.2 JQuery

We used the JQuery library for our drag and drop behaviour. While its combination of simplicity and
freedom of action was perfect at the beginning, its �rst characteristic became a bit blocking at some
point when we wanted more sophisticated results.

With hindsight, we can say that a more sophisticated framework could have been better for our
needs. Of course it would have probably take a longer time to get used to it, but we probably would
have had an easier time to implement sophisticated tasks.

Furthermore, we learned during the project from the Oscar team that it was one the reasons for
which they were switching to the React framework
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Chapter 7

Further development

Even though we are proud of our work, it can obviously be improved. In this section we will talk about
what we wanted to but couldn’t, either by lack of time or by lack of skill.

7.1 Functionalities

As we said before, we spent a lot of time on the resolution of problems and thus less on the creation of
content. One of the things we regret the most is the lack of content and variety in the exercises. Indeed, in
its actual state, only three types of exercises are available. With more time, we could have developed more.

For instance, we thought of an exercise of "matching pairs" where the student would have to link
blocks two-by-two, for example with on one side shapes and on the other their descriptions.

Another idea raised by Laurent Fourny was to have the possibility for the graduated line to have
precise points on the line rather than intervals.

7.2 React

In order to have our module working on the current release of Oscar, it should be adapted to the React
library used in the new version of the website.

The used library in our implementation, JQuery, is a JavaScript library for the manipulation of the
Document Object Model (accessing and modifying existing HTML elements). While React is a library
for designing and rendering user interfaces, it works through a "virtual" Document Object Model.

As JQuery is fairly di�erent than React, it’s hard for us to pinpoint what exactly need to be changed.
Every JQuery function should be replaced by its equivalent in React and modify the functions when it
cannot be directly changed into React language.

7.3 Integration

Although our module is mostly integrated in Oscar, some enhancements could be made in order to
make it fully integrated. For instance, when creating an exercise with Oscar, one of the features is that
the teacher can preview his exercise. This is not possible with ours. However, since we developed the
module in a "what you see is what you get" way, it wouldn’t make much sense. But if you have other
types of exercises, it might be convenient to be able to see the whole thing. Another feature that we
didn’t implemented is the editing of an exercise. Indeed, Oscar allows teachers to edit their exercises as
long as they don’t put it online.
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7.4 Graphical Interface

Even though we tried to both follow Oscar’s guidelines and having a user friendly interface, our module
could have an improved design. First, the drag and drop behavior is pretty basic, that’s one of the �aws
that we encountered when using JQuery as we said before. Furthermore, our use of space is not optimal,
we could have a bigger canvas, a better use of the spaces of the boxes, ... Also, we could have better
animations, �uidity, boxes with inertia and other things like that. One of the possible solutions would
be to switch to a more sophisticated framework such as React which would kill two birds with one stone
since it could help the integration into to the �nal version of Oscar

7.5 Flexibility

When developing a creative tool, there is always a limitation in terms of �exibility. On one hand, the
more the creator has a freedom in what he makes, the better his creation might be. on the other hand, the
more �exible the tool is, the more complicated it is to develop every part and to ensure that everything
works perfectly. In our case, one of the ideas we had at the beginning was to make a very �exible tool
with for example the possibility for the teacher to create his own set, his own canvas, where he could
de�ne the correction process. However, the limitations we had (the fact that we were two, with limited
time, ...) prevented us from making such a feature.
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Conclusion

This thesis was rewarding in many ways.

First, one of the main lessons we learned came from the fact that we did a whole project from
A to Z over a quite long period of time. This forced us to have an optimal organization, indeed,
we had to divide the work in precise steps (requirement analysis, development, integration, ...), take
many variables into account (the will of the client, our lack of knowledge in the used technologies, ...)
and spend our time adequately since in the same time we followed other courses and made other projects.

Secondly, one of the main characteristics of this project was that we had to graft ourselves on an
already existing system. This is, in general, very challenging because having to take the work and
the logic of others and integrate yours often leads to various problems that you have to �x with com-
promises in order to have a working result. This is a very important lesson that we learned from this work.

Thirdly, what strongly motivated us in this project was the fact that we worked on a "real" project
that has a real use in real life. Moreover, as student, we were really thrilled by the fact that we worked
in the education domain, this made us even more glad to contribute (even at our scale) to what we think
can make real di�erence in this �eld.

In conclusion, we learned a lot through this project, we worked for something that "means something"
to us in the education domain and we obtained a result we are proud of. We also hope that in the future,
our work will serve us, the Oscar team and potential future master’s student who could continue our
work or at least take it as a base.
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