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Abstract

This dissertation presents the design and implementation of an online platform for solv-

ing logic exercises, aimed at complementing theoretical classes for students of logic-

related courses at the University of Nova Lisbon. The platform is integrated with a

Learning Management System (LMS) using the LTI protocol, allowing instructors to

grade students’ work.

We provide an overview of related literature and detailed explanations of each com-

ponent of the platform, including the design of logic exercises and their integration with

the LMS. Additionally, we discuss the challenges and difficulties faced during the devel-

opment process.

The main contributions of this work are the platform itself, a guide on integrating an

external tool with LTI, and the implementation of the tool with the LTI learning platform.

Our results and evaluations show that the platform is effective for enhancing online

learning experiences and improving assessment methods.

In conclusion, this dissertation provides a valuable resource for educational institu-

tions seeking to improve their online learning offerings and assessment practices.

Keywords: Classical Propositional Logic, Massive Open Online Courses, Learning Man-

agement Systems, Online Learning, Learning Tools Interoperability
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Resumo

Esta dissertação apresenta o design e a implementação de uma plataforma online para

resolver exercícios de lógica, com o objetivo de complementar as aulas teóricas para es-

tudantes de cursos relacionados à lógica na Universidade de Nova Lisboa. A plataforma

está integrada a um Sistema de Gestão de Aprendizagem (SGA) usando o protocolo LTI,

permitindo que os instrutores avaliem o trabalho de seus alunos.

Oferecemos uma visão geral da literatura relacionada e explicações detalhadas de cada

componente da plataforma, incluindo o design dos exercícios de lógica e sua integração

com o SGA. Além disso, discutimos os desafios e dificuldades enfrentados durante o

processo de desenvolvimento.

As principais contribuições deste trabalho são a própria plataforma, um guia sobre

a integração de uma ferramenta externa com o LTI e a implementação da ferramenta na

plataforma de aprendizagem LTI.

Em conclusão, esta dissertação fornece um recurso valioso para as instituições educa-

cionais que buscam melhorar suas ofertas de aprendizagem online e práticas de avaliação.

Palavras-chave: Classical Propositional Logic, Massive Open Online Courses, Learning

Management Systems, Online Learning, Learning Tools Interoperability
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1

Introduction

This chapter aims to introduce the problem addressed by this dissertation, which we have

already tackled by creating a suitable online platform for Logic courses. The platform

provides students with model exercises and enables instructors to grade their students

automatically. We will explain the significance and necessity of developing such a plat-

form and provide a formal definition of the problem. Additionally, we will outline the

main objectives that have guided our work throughout this dissertation, which involve

the design and implementation of an online platform for Logic and its associated tools,

integration with a Learning Management System, and the provision of an easy method

for instructors to add new exercises.

Furthermore, we will discuss the contributions we have accomplished with this work,

which include establishing a training platform for Logic students, implementing a Logic

course on a Learning Management System that incorporates the tools and exercises de-

veloped, and providing a comprehensive guide on integrating external tools with LMS.

Finally, the chapter will provide an overview of the document’s structure, highlighting

the chapters dedicated to background information, system architecture, implementation

details, user stories, and future enhancements.

1.1 Context and Motivation

In recent years, there was a significant increase in demand for online courses and alter-

natives to traditional classrooms. Online learning satisfied the needs of both active and

passive learning, providing students with complete knowledge that could be accessed

anywhere and anytime. This trend led many educational institutions to transition to

providing online versions of their courses. For example, a study of online courses in the

United States found that in 2012, there were 1.6 million students who studied at least

one online course, and in 2013 and 2014, there were 5.5 million and 7.1 million students,

respectively [21]. These numbers continued to increase in more recent times.

One of the major benefits of online learning was the ability to evaluate and grade

students automatically without the need for the usual process of a written test. With the

1



CHAPTER 1. INTRODUCTION

growing number of students, universities could save significant amounts of time and re-

sources by transitioning to platforms that had these types of functionalities implemented.

This benefit led to a surge in the number of educational institutions and businesses con-

verting their training methods to online platforms.

Another reason that caused educational institutions and businesses to convert their

training methods to online platforms was the recent COVID-19 pandemic. The pandemic

led to a massive increase in the number of people working and studying from home, mak-

ing it necessary for these businesses and institutions to convert their training platforms

to an online version [33].

As the need for learning material available online grew, many existing online plat-

forms could be used to create Logic courses, and many of them already had some type

of Logic courses available. For example, we could find courses that covered varied Logic

subjects on platforms such as EdX and Coursera, and it was possible to create a Moodle

course and use the tools available there to create quizzes and assignments. However, these

platforms had limited options for what types of exercises could be added to the course,

mainly utilizing true or false questions or multiple-choice questions. Additionally, for

each exercise, the instructor had to manually set up the grading and feedback individu-

ally, which could be troublesome whenever there was a need to add new exercises to the

platform.

Throughout the planning process of the online platform and the model exercises we

wanted to have on it, we soon realized that the existing platforms that already had Logic

courses or that allowed for the creation of one were all too generic for the specific re-

quirements we wanted. With this online platform, our main goal was to design model

exercises of a given Logic subject. For each type of exercise, we wanted it to be automat-

ically graded and provide immediate feedback to the students while they were solving

them. The model exercises were designed in a way that allowed an instructor to add

new exercises of that type easily by giving the exercise information in a set format. After

uploading this information, the system generated new exercises automatically with the

associated solution and feedback. This design of the exercises and functionalities associ-

ated with it, such as the adding of new exercises through a set language or the automatic

feedback and grading associated with every exercise on the platform, made it so that

using an already existing platform, such as Moodle or EdX, was not a viable solution.

Given that we also wanted to include automatic grading and feedback on every exer-

cise of our platform, to give students a strong tool to practice Logic, we needed a custom

platform so that we could design the exercises from scratch and implement the necessary

functionalities. In a platform like Moodle or EdX, we had limited options on what type

of exercises we could create, and it required us to do it manually for each exercise added.

However, in our platform, the feedback and grading were designed for a model exercise,

and every exercise in that category had the grading and feedback automatically taken

care of.

Therefore, in this dissertation, we presented the development and implementation of

2



1.2. PROBLEM STATEMENT AND OBJECTIVES

a custom online platform that successfully satisfied the specific requirements for Logic

courses, including automatic grading and feedback for every exercise. In this chapter, we

introduced the problem that we aimed to solve, which was the lack of a custom online

platform capable of providing the necessary functionalities for Logic courses. We also

emphasized the motivation behind the need for such a platform, taking into account

the increasing demand for online courses. Additionally, we outlined the objectives that

guided our work and discussed the expected contributions that this research made. Fi-

nally, we provided an overview of the document structure, highlighting the different

chapters and their respective contents.

1.2 Problem Statement and Objectives

Logic is an important field of study that is relevant in many academic disciplines, includ-

ing computer science, mathematics, philosophy, and linguistics. However, traditional

learning methods for logic can be challenging and may not provide enough opportunities

for students to practice and apply their knowledge.

To address this issue, we have created an online platform as part of this dissertation to

provide learners with model Logic exercises for practice and integration into a Learning

Management System (LMS). The platform aims to solve the problem of limited practice

opportunities in logic education. Our target users are students enrolled in logic-related

courses, such as those at the University of Nova Lisbon, who can utilize the platform

to enhance their logical reasoning skills. In addition, instructors will benefit from the

platform’s tools for better assessing student performance.

The platform features complex logic exercises, going beyond simple true or false

questions typically found in LMS. It provides automatic feedback, real-time answers, and

grading capabilities. While the platform is not a comprehensive logic course on its own,

it serves as a valuable supplementary tool for logic courses.

To achieve the objectives of this dissertation, we have already acquired knowledge

in logic to develop a logic engine capable of generating automatic solutions for the exer-

cises on our platform. We have also familiarized ourselves with the LTI 1.3 standard to

seamlessly integrate our tool with any LMS. Additionally, we have aimed to create a user-

friendly method for instructors to add new exercises by providing exercise information

in a specific language/format.

With these considerations in mind, the following main objectives guide our work in

this dissertation:

1. Design and implement an online platform for Logic and its associated auxiliary

tools.

2. Integrate the previously created platform into a course within a Learning Manage-

ment System (LMS), enabling instructors to automate student grading.

3
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3. Provide instructors with a straightforward approach to adding new exercises of a

given model by submitting exercise information in a specific language/format.

4. Automate the grading process for every model exercise on the platform and provide

immediate feedback to students.

5. Include complex propositional logic exercises that challenge students and promote

deeper understanding.

6. Develop a logic engine capable of generating automatic solutions for the exercises

on our platform.

7. Investigate and implement modern authentication protocols such as JWT auth and

OAuth2 to ensure secure access to the platform.

1.3 Contributions

This dissertation aimed to contribute to the field of education technology by addressing

the problem and objectives outlined in 1.2. Through this work, we have accomplished

the following contributions:

• Developed an online platform with a wide range of model Logic exercises that offer

immediate feedback to students. This platform can serve as a valuable tool for

learners to practice and improve their understanding of Logic, particularly in a

university setting like the University of Nova Lisbon.

• Integrated the platform with a Learning Management System to create a seamless

and comprehensive learning experience. The LMS enabled instructors to conduct

quizzes and assignments using the platform’s exercises and grade students automati-

cally. This integration also facilitated student-teacher communication and provided

instructors with valuable data to assess students’ progress.

• Provided a comprehensive guide on how to integrate external tools with LMS using

the LTI 1.3 standard. This guide can be used by other educators and developers to

create similar tools and platforms and promote more effective and efficient teaching

and learning.

1.4 Document Structure

The structure of this document is designed to provide readers with a comprehensive

understanding of the research conducted in this dissertation. Chapter 2 introduces the

relevant background information on the concepts and topics of logic and MOOCs. In

chapter 3, we present the system architecture, exercises, and logic-oriented tools that

were implemented for this dissertation.

4
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Chapter 4 offers an in-depth introduction to the Learning Tools Interoperability (LTI)

1.3 standard. Chapter 5 covers the implementation of the Learning Logic tool, detailing

the technology stack and architectural design employed, and outlining the implementa-

tion process and testing methodology for each application component.

In chapter 6, we provide a set of user stories that illustrate the requirements and func-

tionalities of our project. Finally, in chapter 7, we discuss possible future enhancements

for the our tool and address any unfulfilled requirements from the preparatory stage of

the dissertation. The chapter concludes with some final remarks for this project.

5



2

Background

In this chapter we will talk about a relatively recent development in distance learning,

called Massive Open Online Courses (MOOCs), in section 2.1. We will discuss what

they are, some of their advantages and disadvantages and we will establish a relationship

between some of the most well known MOOCs and the platform that is going to be

created in this dissertation. To conclude the chapter we will give some background on

the concepts of Logic that will be used in the design of the exercises, in section 2.2.

2.1 Massive Open Online Courses

Massive Open Online Courses (MOOCs) are free online courses available for anyone to en-

roll. They provide an affordable and flexible way to learn new skills, by allowing millions

of people around the world to learn for a variety of reasons, including: career develop-

ment, changing careers, college preparations, supplemental learning, lifelong learning,

corporate eLearning & training, and more. MOOCs share several key features, the most

obvious one is that all content is delivered online, either through video, slideshows, dis-

cussion boards, or any combination thereof.

The growing popularity of MOOCs can be attributed to a number of factors. In-

creasing access to the internet and increased bandwidth has made MOOCs accessible to

students from many geographically distributed places, and has created opportunities for

online interaction within a global cohort. For computer science subjects, MOOCs offer

the potential to lower course costs and provide accessibility to large number of students

that wouldn’t have this type of opportunities otherwise [29].

2.1.1 Advantages and Disadvantages

There are many advantages to the MOOC model for online education. The inherent

openness and user-friendliness of the format means that incredible educational resources

are available to anyone with the time and money to devote to learning, offering a real

opportunity to people without access to traditional education. It allows instructors to

divide the lectured content of the courses into modules giving it more flexibility for

6



2.1. MASSIVE OPEN ONLINE COURSES

learners to find the information they need. These courses also bring a very easy way

to keep information centralized and up to date to make the learners job easier when

searching for this type of content [22].

MOOCs are all about learning at your own pace. The learners can log on to the portal

whenever they wish and access the course. The development of MOOCs is made possible

by the online exchange of information by experts through social networking platforms.

However, there are still many issues that remain unresolved. MOOCs are often touted as

a way of teaching thousands of students at once, but the reality is that very few students

who register for a MOOC complete it. Many never even begin the course after registering.

A particular study made on this problem found that MOOCs could have a completion

rate of less than 5% in some cases [11]. Even when students do complete their work,

there is no guarantee they have successfully mastered the material. Although the idea

of cheap and available education for everyone is noble, in practice few students have the

perseverance to work their way through the material without additional motivation.

Based on statistic study result and the dropout prediction system experiments result,

several suggestions are made to help improve course management in the perspective of

dropout prevention, such as offering students more chance to try quizzes and assign-

ments, prolong the period of accomplishing graded assignments, encouraging students

to participate in forum discussion and designing in-video quizzes to divide each video

into short fragments [6].

2.1.2 Alternative Solutions to the Problem

In this section we will discuss some of the massive open online courses available in

the market, and in the end compare them with the platform we will implement in this

dissertation.

2.1.2.1 MOOCs options

Here we list some popular options MOOC platforms.

1. edX

edX [10] was founded in 2012 by a partnership between MIT and Harvard. It

hosts online university-level courses in a wide range of disciplines to a worldwide

student body, including some courses at no charge. Its purpose is to share the

school’s quality educational resources and provide students with interactive online

learning courses. The development goal of edX is to establish a global MOOCs.

It is of great significance to study teaching methods and explore the issues of online

and offline mixed teaching modes, educational effectiveness evaluation, teaching

methods, distance education effects, and academic management. edX’s assessment

model is a combination of online testing and offline examination center testing.

After the course passes, a certificate of completion will be issued. The online courses
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provided by edX can not only be used in conjunction with on-campus teaching, but

also provide global learners with quality educational resources.

2. Coursera

Coursera [8] was founded in March 2012 by two computer science professors at

Stanford University. The course covers many subjects including computer science,

mathematics, and others. With more than 4,000 classes, it is the platform with the

largest number of courses [9]. In terms of assessment, Coursera provides online

quizzes, assignments and exercises. It also designs a distinctive peer review system

for learners. By training learners to use the scoring rules to correct and assess

classmates’ assignments. It enables learners to obtain more accurate feedback and

also gains learning experience in the process of peer review.

The teaching videos in Coursera are mainly divided into three categories: course

introduction, teaching content, and exercise explanation. Through the collection

and classification of questions in the forum, teachers can purposely pre-record and

upload Q&A videos. Each lesson is broken down into a number of related topic

videos to facilitate learners to learn by topic and to use spare time for fragmented

learning. Most courses provide both video and text learning materials. While watch-

ing the course video, the text data can help learners follow the teacher’s thinking to

learn [23].

2.1.2.2 Iltis: Learning Logic in the Web

The final platform that we are going to discuss in this section, before comparing them

with our dissertation, is a project called Iltis, created by the TU Dortmund University and

associates [32].

Out of all the platforms mentioned, Iltis is the one more closely related to the work we

are planning to do on this dissertation. It is also a platform that focuses on the discipline

of Logic, giving an experience similar to a typical course on a MOOC. For each subject

of Logic, Iltis contains text and images explaining the topics and concepts, and then the

learners can proceed to solve exercises and do practical tests, to get a general idea of how

their understanding of the subject in question is.

Many of the exercises and overall design of the platform served as inspiration for

some of the ideas of our dissertation, with some of the exercises we are going to design

having similarities to the Iltis platform. The key difference is Iltis is a static web page

that resembles a course from a traditional MOOC, with exercises to practice and with

complementary texts that explain the subjects and concepts. Our platform is aimed more

to be used as a tool to complement the classes of Logic in the University of Nova Lisbon, to

allow students to focus on a more practical approach to add to the experiences gathered

in the theoretical classes.
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As we mentioned, Iltis is a static web page with fixed content. While this allows

a learner to have a brief but complete run through the subjects, it has a very limited

number of exercises a student can solve. Our platform focuses on a key aspect - design

and implement the system in a way that instructors can easily add different exercises

with new data, to each type of exercise implemented. An instructor simply as to load a

file with the exercise information structured in such a way that the system knows how

to read it, and from that data proceed to then generate a new exercise. This exercises

are immediately available to learners as soon as the instructor uploads them, making it

easy for instructors to give material for students to prepare to written tests, or graded

assignments on the LMS platform.

2.1.3 Comparing Our Plan With the Current Solutions Available

While most massive open online courses are platforms for instructors to post the courses

they made for their students to learn about a given subject and also practice working

on it, the main objective of our platform is to be used in the classes of Logic from the

University of Nova Lisbon. Our platform mainly has exercises that explore several topics

of Logic, so that a learner can go there after class and practice what he learned that day.

All the exercises are thoroughly explained and the student is given feedback every time he

gets something wrong. This method was picked because it helps the student consolidate

his knowledge, and understand how to solve certain problems, after learning from the

feedback.

MOOCs in general have a hard time keeping students interested and the completion

rates of courses on these platforms is extremely low. This is due to the lack of motivation

from the students to complete the courses and is mainly caused because these platforms

fail to keep students interested. As our platform isn’t made to upload entire courses, it

focuses instead only on the practical part of the Logic classes, which includes solving

exercises, implementing algorithms and understanding the practical aspects of Logic. All

of this is meant to be done as the student attends the theoretical classes, to provide him

with a better knowledge of the subjects learned in class.

2.2 Logic

In this section we will give some context on the subjects of Logic that are going to be

studied in this dissertation [4]. We will mention some of the basic concepts and notions

of Classical Propositional Logic in 2.2.1, along side with some more complex topics that

will be further explored in some of the exercises of the platform - a detailed explanation

on each of the exercises that will be in our platform can be found on chapter 3.2.
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2.2.1 Classical Propositional Logic

Propositional logic is a branch of logic, philosophy, and discrete mathematics that focuses

on the study of propositions and their relationships. The discipline was developed for

the purpose of formalizing logical reasoning over formal disciplines such as mathematics

and was further extended into computing.

A proposition is the basic building block of logic. It is defined as a declarative sentence

that is either True or False, but not both. The Truth Value of a proposition is True(denoted

as T) if it is a true statement, and False(denoted as F) if it is a false statement. To represent

propositions we use propositional symbols. By convention, these symbols are represented

by lower-case roman letters such as p, q, r, s. An atomic proposition is one whose truth or

falsity does not depend on the truth-value of any other proposition. It is also possible to

construct new propositions, using one or more propositions and joining them with logical

connectives, called compound propositions. A connective of PL is any of the symbols ‘¬‘,

‘∧‘, ‘∨‘, ‘→’, and ‘↔’. A literal is simply a propositional symbol or its negation.

In classical propositional logic, a propositional formula is often more briefly referred

to as a "proposition", but, more precisely, a propositional formula is not a proposition but

a formal expression that denotes a proposition, which needs to follow a set of rules to

make sure they are well-formed. A well-formed formula (hereafter abbreviated as wff) of

Propositional Logic is defined inductively as follows:

1. Any propositional symbol is a well-formed formula.

2. If α is a well-formed formula, then so is ¬α.

3. If α and β are well-formed formulas, then so is (α ∧ β).

4. If α and β are well-formed formulas, then so is (α ∨ β).

5. If α and β are well-formed formulas, then so is (α→ β).

6. If α and β are well-formed formulas, then so is (α↔ β).

7. Nothing that cannot be constructed by successive steps of (1)-(6) is a well-formed

formula.

Now that we have given a little bit of the required knowledge to understand the syntax

of a Classical Propositional Logic formula, we will now provide a meaning or semantics

to said formulas. Our definition will be following the inductive definition of syntax, that

was just mentioned right above this paragraph. The semantics of formulas in a logic, are

typically defined with respect to a model, which identifies a “world” in which certain

facts are true. In the case of classical propositional logic, this world or model is a truth

valuation or assignment that assigns a truth value (true/false) to every proposition.

A proposition is built from atomic propositions joined together with the logical con-

nectives, meaning the truth or falsity of said proposition depends on the truth-value of
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its components. For example, the compound statement p → (q ∨¬r) is built using the

logical connectives→, ∨ , and ¬ . The truth or falsity of p→ (q∨¬r) depends on the truth

or falsity of p, q, and s.

The logical connectives are also known as truth-functional connectives. These con-

nectives are called “truth functional” because the truth value of a complex proposition

built up using these connectives depends on nothing more than the truth values of the

simpler propositions from which it is built. Because of this, we can explain the meaning

of a truth-functional connective in a couple of ways, the easiest one being through the

construction of a truth table. A truth table that shows how the truth value of a proposition

formed with the connective depends on the truth values of the proposition’s immediate

parts. We will give such tables for each of the connectives we introduce in the coming

paragraphs.

The symbols ‘¬‘, ‘∧‘, ‘∨‘, ‘→’, and ‘↔’, correspond, respectively, to the truth-functions

of negation, conjunction, disjunction, implication and equivalence. We shall consider

these individually.

Negation: The negation of a proposition α, simply written ¬α in Propositional Logic,

is regarded as true if α is false, and false if α is true. The corresponding table can therefore

represent the truth-function of the negation connective:

Figure 2.1: Truth table for the negation of a proposition

[5]

Conjunction: The conjunction of two propositions α and β, written in Propositional

Logic as (α ∧ β), is true if both α and β are true, and is false if either α or β is false or

both are false. In effect, the meaning of the operator ’∧’ can be displayed according to

the following table, which shows the truth-value of the conjunction depending on all the

values of the propositional symbols:

Figure 2.2: Truth table for the conjunction of two propositions

[5]
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In a proposition of the form (α∧β), the two propositions joined together α and β, are

called the conjuncts, and the whole proposition is called a conjunction.

Disjunction: The disjunction of two propositions α and β, written in Propositional

Logic as (α ∨ β), is true if either α is true or β is true, or both α and β are true; and

is false only if both α and β are false. A table similar to the one given above for the

conjunction connective, modified for to show the meaning of the disjunction symbol ’∨’

instead, would be drawn as follows:

Figure 2.3: Truth table for the disjunction of two propositions

[5]

In a proposition of the form (α∨β), the two propositions joined together α and β, are

called the disjuncts, and the whole proposition is called a disjunction.

Implication: This logical connective is represented in Propositional Logic with the

symbol ’→’. A proposition of the form (α → β) is false, if α is true and β is false; and

is true if either α is false or β is true (or both). This implication generates the following

truth-table

Figure 2.4: Truth table for the implication of a proposition

[5]

In a proposition of the form (α → β), we call α the antecedent, and we call β the

consequent, and the whole proposition (α→ β) is sometimes also called a conditional.

Equivalence: This logical connective is represented in Propositional Logic with the

symbol ‘↔’. A proposition of the form (α↔ β) is regarded as true if α and β are either

both true or both false, and is regarded as false if they have different truth-values. Hence,

we have the following table:
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Figure 2.5: Truth table for the equivalence of two propositions

[5]

Now that we have a more basic understanding of what are propositional formulas, we

will start introducing other important concepts necessary for the comprehension of most

of the exercises, beginning with tautologies and logical equivalences.

In Propositional Logic, a well-formed formula is a tautology, if it is the case that for

every possible truth-value assignment of the propositional symbols of a formula, that

formula has always the truth-value of 1 or T("True"). Tautologies are also sometimes

called logical truths because tautologies can be recognized as true solely in virtue of the

principles of propositional logic, and without recourse to any additional information.

In contrast to the definition of tautology, a well-formed formula that for every possible

truth-value assignment of the propositional symbols of the formula, has the truth-value

of 0 or F("False"), that proposition is called a contradiction. A proposition that is neither

contradictory nor tautological is called a possible proposition. A possible proposition is

true for some truth-value assignments to its propositional symbols and false for others.

Here are some examples of the definitions we just gave:

• α ∨¬α is a tautology.

• α ∧¬α is a contradiction.

• α ∨ β is possible.

A different way of proving that two propositions are also logically equivalent consists

in using truth tables - both truth table of each given formula must be identical for all

combinations of propositional symbols. This method is not always feasible since the

propositions can be increasingly complex both in the number of propositional variables

used and size of the expression.

Tautologies in logic can also be used to show that two propositions are logically equiv-

alent. In propositional logic in particular, α and β are equivalent propositions, if the

compound proposition α↔ β is a tautology. The notions of equivalence and tautology

are very useful since they allow proving that propositions or theorems with different

syntax can have in fact the same semantics.

We will now list some important equivalence transformations:
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1. Identity Laws

• α ∧ T ≡ α

• α ∨F ≡ α

2. Domination Laws

• α ∧F ≡ F

• α ∨ T ≡ T

3. Idempotent Laws

• α ∧α ≡ α

• α ∨α ≡ α

4. Double Negation Laws

• ¬(¬α) ≡ α

5. Commutative Laws

• α ∧ β ≡ β ∧α

• α ∨ β ≡ β ∨α

6. Associative Laws

• (α ∧ β)∧γ ≡ α ∧ (β ∧γ)

• (α ∨ β)∨γ ≡ α ∨ (β ∨γ)

7. Distributive Laws

• α ∧ (β ∨γ) ≡ (α ∧ β)∨ (α ∧γ)

• α ∨ (β ∧γ) ≡ (α ∨ β)∧ (α ∨γ)

8. De Morgan’s Laws

• ¬(α ∧ β) ≡ (¬α)∨ (¬β)

• ¬(α ∨ β) ≡ (¬α)∧ (¬β)

9. Absorption Laws

• α ∧ (α ∨ β) ≡ α

• α ∨ (α ∧ β) ≡ α

10. Negation Laws

• α ∧¬α ≡ F

• α ∨¬α ≡ T

11. Implication Laws

• α→ β ≡ ¬α ∨ β

• α→ β ≡ ¬β→¬α

• α ∧ β ≡ ¬(β→¬α)

12. Conjunction of Implications

• (α→ β)∧ (α→ γ) ≡ α→ (β ∧γ)

• (α→ γ)∧ (β→ γ) ≡ (α ∨ β→ γ)

13. Disjunction of Implications

• (α→ β)∨ (α→ γ) ≡ α→ (β ∨γ)

• (α→ γ)∨ (β→ γ) ≡ (α ∧ β→ γ)

14. Equivalence Laws

• α↔ β ≡ (α→ β)∧ (β→ α)

• α↔ β ≡ ¬α↔¬β

• α↔ β ≡ (α ∧ β)∨ (¬α ∧¬β)

• ¬(α↔ β) ≡ α↔¬β

Now that we know what two propositions being equivalent means, and how we can

transform one proposition into another one that is logically equivalent, we will now

talk about normal forms, starting with the conjunctive and disjunctive normal forms. To

understand these concepts, we need to know what conjunctive and disjunctive clauses are:

a conjunctive clause only contains propositional symbols connected with the ∧ operator,

and the disjunctive clause only contains propositional symbols connected with the ∨
operator - in both cases, the symbols can be negated, but only when directly applied to
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a symbol and not the entire clause. When we join multiple disjunctive clauses together

with the ∧ operator, we have what is called a conjunctive normal form. Oppositely, if we

have many conjunctive clauses joined together with a ∨ operator, we have what is called

a disjunctive normal form.

Additionally to the previously discussed normal forms, there is also a third type of

normal form that is weaker than the two previous normal forms that were described

above, called negation normal form. A formula is in NNF if and only if the negation

operator (¬) only occurs directly in front of a propositional symbol. This normal form

is said to be weaker than the previous two, because a formula can be in the negation

normal form, but not necessarily in the conjunctive or disjunctive normal form. But in

the opposite case, where a formula is in conjunctive or disjunctive normal form, it also is

in the negation normal form.

Here are some examples of normal forms:

• (α ∧ β ∧¬γ ∧θ)∨ (¬β ∧θ)∨ (α ∧θ) is in disjunctive normal form.

• (α ∨ β ∨¬γ ∨θ)∧ (¬β ∨θ)∧¬θ is in conjunctive normal form.

• ¬α ∧¬β is in negation normal form.

• ¬(α ∨ β) is not in negation normal form.

• (α ∧ (¬β ∨γ)∧¬γ)∨θ is in negation normal form but isn’t neither in conjunctive

normal form or disjunctive normal form.

Now we are going to talk about the topic of satisfiability. A compound proposition

α is satisfiable if there is a truth assignment that satisfies α; that is, at least one entry

of its truth table is true. A compound proposition α is unsatisfiable (or a contradiction)

if it is not satisfiable; that is, all entries of its truth table are false. The propositional

satisfiability problem (often called SAT) is the problem of determining whether a set of

sentences in Propositional Logic is satisfiable. The problem is significant both because the

question of satisfiability is important in its own right and because many other questions

in Propositional Logic can be reduced to that of propositional satisfiability.

One of the ways of testing satisfiability is with the use of the HORNSAT algorithm.

In formal logic, Horn-satisfiability, or HORNSAT, is the problem of deciding whether a

given set of propositional Horn clauses is satisfiable or not. A Horn clause is a clause with

at most one positive literal, called the head of the clause, and any number of negative

literals, forming the body of the clause. Any formula formed by a conjunction of Horn

clauses is called a Horn Formula.

The problem of Horn satisfiability can be solved in polynomial time. A polynomial-

time algorithm for Horn satisfiability is based on the rule of unit propagation: if the

formula contains a clause composed of a single literal p (unit clause), then all clauses

containing p (except the unit clause itself) are removed, and all clauses containing ¬p

15



CHAPTER 2. BACKGROUND

have this literal removed. The result of the second rule may itself be a unit clause, which is

propagated in the same manner. If there are no unit clauses, the formula can be satisfied

by simply setting all remaining variables negative. The formula is unsatisfiable if this

transformation generates a pair of opposite unit clauses p and ¬p.

Listing 2.1: HornSAT Algorithm

funct ion HORN(θ ) :

begin funct ion

mark a l l occurrences of T in θ ;

while there i s a conjunct P 1∧ P 2∧ ...∧ P k→ P ’ of θ do

mark P ’

end while

i f ⊥ i s marked then return ’ unsat ’ e l s e return ’ sat ’

end funct ion

This algorithm also allows determining a truth assignment of satisfiable Horn formu-

las: all propositional symbols contained in a unit clause are set to the value satisfying

that unit clause; all other literals are set to false. The resulting assignment is the minimal

model of the Horn formula, that is, the assignment having a minimal set of variables

assigned to true, where comparison is made using set containment.

When using this algorithm, we need to note that it only works with Horn formulas,

meaning that if we want to prove a propositional formula is satisfiable, we first need to

make sure that formula is in the form of a conjunction of Horn clauses, by applying the

equivalence transformations that we talked about previously on the original formula.

In contrast with the previous HORNSAT algorithm, that showed us if a formula was

satisfiable or not, the resolution rule is used to prove that a given formula is not satisfi-

able, or unsatisfiable. In mathematical logic, resolution is a rule of inference leading to a

refutation complete theorem-proving technique for sentences in propositional logic and

first-order logic. A clause produced by a resolution rule is sometimes called a resolvent.

The resolution rule in propositional logic is a single valid inference rule that produces

a new clause implied by two clauses containing complementary literals (propositional

symbol or the negation of a propositional symbol). Two literals are said to be complements

if one is the negation of the other (in the following, p is taken to be the complement to

¬p.

To better understand the resolution rule, suppose we have the following clauses [p,q]

and [¬q,r]. In the first clause we know that either p or q is True. In the second clause we

know that q is False or r is True. Both clauses have a complementary literal (q), and we

can conclude that, if q is False, then by the first clause p is True; if q is True, by the second

clause we can assume r is True. Since q has to have the truth-value of True or False, then

it must be the case that either p or r is True. Following this thought process, we are able

to derive the clause [p,r]. The intuition for this rule of is pretty simple: given a clause

16



2.2. LOGIC

containing a literal p and another clause containing the literal ¬p, we can infer the clause

consisting of all the literals of both clauses without the complementary pair.

For the case of resolution in prepositional logic, the rule can only be applied to a

propositional formula in the conjunctive normal form, to allow the creation of the set of

clauses to start applying the rule. There is always the possibility of applying equivalence

transformations to a given formula, and apply the resolution rule in the resulting formula,

if it is in the conjunctive normal form. If we manage to derive an empty set, this means

the original formula was unsatisfiable, as we wanted to show. In the case where we cant

derive the empty set, we can’t reach the conclusion that the given formula is unsatisfiable.
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3

Proposed Work

In this chapter we will give an overview on the proposed work for this project. Firstly,

in section 3.1, we discuss the technologies that will be used to implement this online

platform for logic and take a look into the architecture of the system, explaining the

thought process behind the choices made along the way. Following the technologies

section, we discuss some of the possible exercises that will be added onto the platform in

section 3.2, giving details on the requirements of each exercise and on the feedback given

to the user. Lastly, in section 3.3, we talk about some of the logic oriented tools that will

be implemented to help with the execution and implementation of some exercises.

3.1 Technologies

In this section we will present all the technologies that are going to be used to develop and

implement this online platform. Firstly, we are going to take a look at the architecture of

our platform, giving a visual representation of how it is going to work, and describing the

choices made for the programming languages and tools used. To end this section, we are

going to describe what learning management systems are and how they are going to be a

fundamental part of this project. After that we explore some of our options, comparing

the characteristics of two different LMS - Moodle and openEdX

3.1.1 Architecture

In this section we will describe what type of system architecture we will use for our project

and give some insights on the choices of the technologies that were made. Starting the

section, we present figure 3.1 that shows how the different layers interact with each other,

and after that, for each of the components, we discuss the used programming languages

and frameworks that will be used in the implementation phase of this dissertation.

The architecture model that we will be using is called a three-tier architecture - this

architecture is a well-established software application architecture that organizes appli-

cations into three logical and physical computing tiers: the presentation tier, or user

interface; the application tier, where data is processed; and the data tier, where the data
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Figure 3.1: Systems architecture

associated with the application is stored and managed. The main benefit of a three-tier

architecture is its logical and physical separation of functionality. Each tier can run on

a separate operating system and server platform - e.g., web server, application server,

database server - that best fits its functional requirements. And each tier runs on at

least one dedicated server hardware or virtual server, so the services of each tier can be

customized and optimized without impact the other tiers [12].

To list some of the benefits of using a three-tier architecture, we have the following:

• Compartmentalized development: Because each tier can be developed indepen-

dently, we can use the latest tools and best languages for each tier, as well as have

things separated for a more organized work experience.

• Improved scalability: Any tier can be scaled independently of the others as needed.

• Improved reliability: An outage in one tier is less likely to impact the availability

or performance of the other tiers.

• Improved security: Because the presentation tier and data tier can’t communicate

directly, a well-designed application tier can function as a sort of internal firewall,

preventing SQL injections and other malicious exploits.

3.1.1.1 Presentation Tier - Web Application

The presentation tier is the user interface and communication layer of the application,

where the end user interacts with the application. Its main purpose is to display infor-

mation to and collect information from the user. This top-level tier can run on a web

browser, as desktop application, or a graphical user interface (GUI), for example.

For this layer, React is going to be used to implement the front-end of our platform.

React allows developers to create large web applications that can change data, without

reloading the page. The main purpose of React is to be fast, scalable, and simple. In
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addition, React’s community is very large and there are a lot of supporting materials out

there to complement our work.

React React is a free and open-source front-end JavaScript library for building user in-

terfaces based on UI components. It is maintained by Meta (formerly Facebook) and a

community of individual developers and companies. React can be used as a base in the de-

velopment of single-page or mobile applications. However, React is only concerned with

state management and rendering that state to the DOM, so creating React applications

usually requires the use of additional libraries for routing, as well as certain client-side

functionality.

3.1.1.2 Application Tier - Server

The application tier, also known as the logic tier or middle tier, is the heart of the applica-

tion. In this tier, information collected in the presentation tier is processed - sometimes

against other information in the data tier - using business logic, a specific set of business

rules. The application tier can also add, delete or modify data in the data tier.

For this layer, a choice still hasn’t been made on which programming language will

be used. During the implementation phase of the dissertation, we will explore some of

our options and decide what language to use then.

3.1.1.3 Data Tier - Database

The data tier, sometimes called database tier, data access tier or back-end, is where the

information processed by the application is stored and managed.

We are going to use MySQL, because it is one of the databases that are compatible

with Moodle. Another valid reason as to why we chose MySQL is because for our type

of data, mainly the exercises, a relational data model allows us to organize our data in a

very efficient way.

MySQL MySQL is an open-source relational database management system (RDBMS).

A relational database organizes data into one or more data tables in which data types

may be related to each other; these relations help structure the data. SQL is a language

programmers use to create, modify and extract data from the relational database, as well

as control user access to the database. In addition to relational databases and SQL, an

RDBMS like MySQL works with an operating system to implement a relational database

in a computer’s storage system, manages users, allows for network access and facilitates

testing database integrity and creation of backups.

3.1.2 Learning Management System

A learning management system (LMS) is a software application or web-based technology

used to plan, implement, and assess a specific learning process. Typically, a learning
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management system provides an instructor with a way to create and deliver content,

monitor student participation, and assess student performance online. The LMS may also

provide students with the ability to use interactive features such as threaded discussions,

video conferencing, and discussion forums. LMS is also called Course Management

System, or CMS [2].

The transition from traditional, offline training to eLearning may sound challenging,

but the outcomes are worth it. Here are some of the major features one can expect from a

LMS:

Managing courses, users and roles Learning management systems may be used to cre-

ate professionally structured course content. The teacher can add text, images,

videos, etc. Moreover, they can create different types of users, helping control

which content a student can access, track studying progress and engage student

with contact tools.

Online assessment An LMS can enable instructors to create automated assessments and

assignments for learners, which are accessible and submitted online.

User feedback Students exchange of feedback both with teachers and their peers is possi-

ble through LMS. Teachers may create discussion groups to allow students feedback,

share their knowledge on topics and increase the interaction in course.

Synchronous and Asynchronous Learning Students can either learn asynchronously through

course content such as pre-recorded videos, PDF, SCORM or they can undertake

synchronous learning through mediums such as Webinars.

Learning Analytics Learning management systems will often incorporate dashboards

to track students progress. They can then report on key items such as completion

rates, attendance data and success likelihood.

A Learning Management System consists of two parts. The first part is an admin

interface where a training manager performs the core, back-office tasks to organize their

company’s learning programs. This is where they create, manage and deliver courses, add

learners, analyze reports, automate notifications, etc. The second part is a user interface

that runs inside your browser (like Gmail or Facebook). This is what learners see when

they enroll or are assigned to a course.

These platforms are used by anybody that is trying to deliver an eLearning course -

this includes a lot more than only educational institutions. LMS are used in businesses

of all sizes, from large multinational enterprises to small and medium businesses, busi-

nesses from a wide range of industries, such as healthcare organizations and tech startups,

government organizations, traditional educational institutions (schools, universities, col-

leges), online and eLearning-based educational institutions and more. It’s clear that a

LMS can serve different training needs. For example, an expert can use an LMS to sell
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their courses online, a company can use it to train employees internally, while a consulting

agency can train clients on a range of topics [31].

3.1.2.1 Learning Tools Interoperability

How can we connect our web application where the logic exercises will be implemented,

with the course page hosted in the LMS? This is the topic we will address in this section,

and we will use what is called LTI. Learning Tools Interoperability (LTI) is a specification

developed by IMS Global Learning Consortium, and it establishes a standard way of

integrating rich learning applications, called tools (delivered by tool providers) with

platforms such as learning management systems, called tool consumers.

The basic workflow for using LTI starts when the Instructor or LMS administrator

gains access to an externally-hosted learning tool. The tool’s administrator provides the

administrator or instructor a URL, key, and secret for the Tool [13].

• For the Instructor use case, they generally add a LTI tool into their course structure

as a resource link using the LMS control panel. The instructor enters the URL,

secret, and key into as meta data for the resource link. When students select the

tool, the LMS uses the URL, secret, and key information to seamlessly launch the

student into the remote tool in an iframe or new browser window.

• For the Administrator use case, they generally add a "virtual tool" to the LMS,

entering the URL, secret and key. Once this is done, Instructors simply see the

newly configured LTI tool as another tool or activity to be placed as a resource link

in their course structure. The Instructors and students may not even be aware that

the tool they are using is running out side of the LMS. They simply select and use

the tool like any other tool that is built-into the LMS.

• In both cases, the external tool receives a Launch request that includes user iden-

tity, course information, role information, and the key and signature. The launch

information is sent using an HTTP form generated in the user’s browser with the

LTI data elements in hidden form fields and automatically submitted to the exter-

nal tool using JavaScript. The data in the HTTP form is signed using the OAuth

(www.oauth.net) security standard so the external tool can be assured that the

launch data was not modified between time the LMS generated and signed the

data and the time that the Tool received the data.

On the topic of LTI, to completely understand what we are talking about here, we

need to consider some important terminology:

• Tool Provider: A Tool Provider exposes interfaces to one or more tools. It is useful

to think of the Tool Provider as a wrapper around a tool. In this sense, the Tool

Provider represents the entire system of a Tool plus its interfaces.
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• Tool Consumer: Instructors and students typically access Tools by activating links

from within an LMS. But the LTI standard supports other scenarios, too. For

example, you might want to launch a learning tool from Facebook, or your Google

home page. Any system that offers access to a Tool is called a Tool Consumer.

• Context: Links for Tools typically appear in the context of some course. But they

may appear within other types of groups. For example, links might appear within

the context of a student organization, club, study group, etc. Since Tools may be

launched from many different types of contexts, the LTI Specification rarely uses

the term “course” and instead uses the more general term “context.”

• Resource Link: The Tool Consumer uses Resource Link entities to generate clickable

links within its user interface. Each Resource Link has a title which defines the text

that should appear in the clickable link plus an optional description which should

appear alongside the link.

IMS is enabling dramatically better usability and data security through LTI Advantage

— a package of services that add new features to enhance the integration of any tool with

any LMS. LTI Advantage includes advanced protections for exchanging sensitive student

data found in core LTI 1.3. The three LTI Advantage feature services are Names and Role

Provisioning Services, Deep Linking, and Assignment and Grade Services [18].

Assignment and Grade Services The Assignments and Grades service (LTI-AGS) allows

LTI tools to send and manage learner grades back to the platform. When LTI-AGS is

enabled and the component is set as graded in an LMS course. The LTI tool may also

manage, edit, and override student’s grades directly, and provide reports on the user

status of the activity (pending, started, fully graded). You can enable this feature on

your instance following the Assignments and Grades service setup documentation.

Deep Linking The Deep Linking service (LTI-DL) allows course creators to select and

configure the content displayed to learners. This removes the need to use custom

parameters and settings when setting up content, improving the ease of use and

content authoring experience. For example, a tool may let course creators configure

a link that will launch a specific chapter from a book rather than displaying the full

book and having students manually scroll to that chapter.

Names and Role Provisioning Services The Names and Roles Provisioning service (LTI-

NRPS) allows tools to list and retrieve information about the learners that have

access to an LTI component. The tools can retrieve a limited amount of personal

information (full name, email, username) and the membership status of all the

learners enrolled in the course. A tool that uses LTI-NRPS will be aware of all users

with access to that tool and can provide reports on student activity within the tool.
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In most cases, Tool Consumers and Tool Providers are both web applications. They

communicate with each other by making a connection using the LTI standards. In essence,

connections are HTTP requests and responses.

Figure 3.2: Tool consumer and tool provider graphic

[15]

3.1.2.2 Moodle

Moodle is an abbreviation of Modular Object Oriented Dynamic Learning Environment.

It is an LMS that was developed in 2001 and is based on the social constructionist pedagog-

ical principle. The characteristics the Moodle platform are user-friendliness, accessibility,

and flexibility. There is also a list of students on each course allowing the lecturer to

know the last time each student accessed the platform, the ability to integrate Moodle

into other systems, the ability to allow synchronous and asynchronous interaction, a

personal area for draft writing and journaling as well as managing personal and private

information, and content that develops based on the teaching and learning needs and

that can be reused [20].

As Moodle is an Open Source LMS, the cost of licensing is free. The only costs you

need to take are the ones of hosting a private server. For this LMS to work, an Apache

server is required to be installed along with additional PHP packages that might not be

present in the host computer, as Moodle’s code is written in PHP. It must be kept in

mind that the owner of the Moodle directory should be the web server so that it can write

to it and make changes. Moodle requires a database which can be MySQL, PostgreSQL,

Microsoft SQL Server or Oracle.

An activity is a general name for a group of features in a Moodle course. Usually

an activity is something that a student will do that interacts with other students and

or the teacher. This is where you get the true interactivity in a Moodle course. The

basic activities include assignments, chat, multiple choice questions, feedback, forum,

wiki, and many more [25]. There are various other third-party modules that have been

developed or enhancements to the modules above.
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To integrate our web application, where the logic exercises will be located, with our

Moodle course page we need to use what Moodle calls an External Tool, that essentially

is a tool provider/consumer model.

External tool Many websites provide materials and interactive learning exercises differ-

ent from and complementary to Moodle’s own resources and activities. The external tool

offers a way for teachers to link to these activities from within their Moodle course page

and where available to have grades sent back into Moodle. Students only need to log in

to Moodle; they do not have to log in a second time to the connecting site.

Sites which allow connection to Moodle in this way are known as LTI compliant and

are called Tool providers. The "tools"are the exercises or materials which Moodle can

connect to.

3.1.2.3 Open EdX

Open edX® was created by the joint efforts of Harvard University and MIT for the well-

known learning platform edX. It is an open-source, learning management system (LMS)

that empowers organizations worldwide to design customized and engaging online learn-

ing platforms.

Just like Moodle, OpenEdX is an open-source platform, meaning there are no license

fees and the only costs you have to cover are the expenses of a private server that runs

OpenEdx. Some of the most powerful features, and part of the reason as to why OpenEdX

is as popular as it is, include:

• Powerful Analytics gives a competitive edge to Open edX over its competitors.

Reports can be generated to identify problems and get timely feedback. Advanced

insights help in improving the course and tracking the performance of the learners.

• Tools and Integrations at Open edX such as API and LTI are available. LTI tools

enable communication with external software and enhance the functionality of the

system.

• Scalability is the need of the hour in the eLearning world. Open edX platforms are

designed to host a large number of learners at the same time.

• Interactivity enhances the entire experience of a user. With xBlocks1, Open edX

can go beyond simple interactions in an online classroom.

LTI support in the Open edX platform opens a wide range of possibilities for learning

content. LTI tools are available from a wide range of organizations, from large ed-tech

1The XBlock specification is a component architecture designed to make it easier to create new online
educational experiences. XBlock was developed by edX, which has a focus in education, but the technology
can be used in web applications that need to use multiple independent components and display those
components on a single web page. [27]

25



CHAPTER 3. PROPOSED WORK

vendors to universities building their own integrations. In Open edX software, LTI is used

in two ways: as an LTI consumer in courses to enrich the learner experience by embedding

interactive problems and exercises from external sources, and as an LTI provider to allow

other LMS’s to embed Open edX course content.

3.1.2.4 Moodle vs OpenEdx

In this section we will compare some characteristics of both Moodle and OpenEdX, to

help us make a choice on what learning management system we will use. After listing

some of these comparisons, we will decide which platform to use and give an explanation

as tot why that choice was made.

In terms of core features, both platforms are very similar - for our project, the two

platforms are completely viable. With that said, a choice still needs to be made, and we

will list the main reasons that made us choose Moodle over OpenEdx.

• While both platforms are open-source and have been around for a long time, Moo-

dle was released around 10 years earlier then OpenEdX; consequently, Moodle’s

community and plugin library are very large.

• OpenEdX takes an approach more focused in the MOOC realm, focusing on the

student and disconnecting the relationship between the instructor and the learner.

Moodle on the other hand, is designed with a more traditional classroom environ-

ment in mind, prioritizing the instructor and learner interaction. Moodle was also

not designed to have huge numbers of concurrent users, whereas OpenEdX was

made to handle that much amount of traffic.

• After the initial setup of both platforms is complete, it is easier on the Moodle

platform for a teacher to do what he needs to do in terms of course management.

In OpenEdx, some functionalities require server access, and there is a thing called

Studio, that is a dashboard for instructors to manage their course.

• Moodle has a higher level of customization than OpenEdX, allowing for a more

personalized course page.

The main problem we are trying to solve is we need a platform to complement the

Logic Course lectured in the Universidade Nova de Lisboa. Taking into considerations

both the advantages and disadvantages of both the studied learning management systems,

it was decided that the best suited platform for our needs is Moodle. Another deciding

factor is the fact that the university already has a preference on using Moodle, so the

transition of the project to the actual classroom would be easier.

To summarize this section, we have looked into two LMS - Moodle and OpenEdx -

and reached the conclusion that the platform we are going to use is Moodle. After setting

a course on Moodle, we can afterwards add the implemented exercises that are located
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on a different Web server with the use of LTI, making so that we have the exercises on the

course page, and the instructor can use them to evaluate students and grading them.

3.2 Logic Exercises

In this section we will introduce some of the logic exercises that will be added to our

online platform, and for each of them individually, we will discuss the details on the

design and future implementation of the exercise. The requirements to make the exercises

we want to have on our platform possible will also be given in this section, along side a

better view on the importance of the tools that will be implemented discussed in 3.3.

All of the exercises presented in this section are designed in a way that when they

are actually implemented and the system is online, it is very easy to add new exercises

that follow a given format. The main objective of our platform is to allow for a system

administrator, in this case the professor of the logic course, to add new exercises of the

types that already are present in the platform. Instead of having hard-coded exercises,

manually designed for a specific subject or topic of the course, the instructor can add

new exercises by submitting the data for new ones in a predetermined format, and the

system automatically generates the exercise with that information and adds it to the

system, giving learners more exercises to solve without having to manually write the

exercise on the system. For example, in an exercise where the main focus is to transform

a natural language phrase into a propositional logic formula, to add a new exercise the

instructor only needs to give a new phrase in natural language and associate it with a

correct propositional formula, and the platform automatically generates the exercise.

3.2.1 Classical Propositional Logic

Each of the exercises will have a fixed structure, where first we discuss the details about

the design of the exercise; secondly, we give detailed descriptions of the type of feedback

given on each exercise; finally, we briefly discuss the details on the key interface elements

of the exercises.

One of the most important aspects in this platform is the way the learner receives his

feedback from the application. We need to make sure we give enough for the learner to

understand where he got the exercise wrong, but we also need to make sure we don’t give

too much and give the answer without him understanding why. It’s also important to give

positive feedback and for some exercises give feedback explaining the solution, for the

learners that might have gotten the right answer but aren’t really sure how they got to it.

To conclude the section, we will give a brief overview on the overall system require-

ments for each of the exercises.
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3.2.1.1 Propositional formula syntax: transforming a sentence from natural

language to propositional logic

In this first exercise of Classical Propositional Logic, the main objective is to train a

learner in transforming phrases in the natural language into well-formed formulas. For

example, consider the phrase in natural language "Max will go fishing if it is sunny", and

the propositions p (Max will go fishing) and q (It is sunny). From this example, a possible

propositional formula that represents the natural language phrase is q→ p.

This type of exercise is important not only for the learner to practice writing the

formulas that represent certain propositions, but also to help them get familiarized and

comfortable with using the platform for the first time. After the learner can easily use the

interface elements of this exercise, the adaptation to the other exercises and new interface

elements will be easier to learn.

Design Details There are a couple of aspects we have to take into consideration while

designing this exercise. To begin with, we need a way for the learner to see the phrase he

needs to convert into a formula and a way for him to write that formula. The interface

side of things will be covered in more detail in the coming paragraphs. Now that we have

a formula that the learner wants to submit as an answer, the system needs to make sure

of two things:

1. The formula submitted by the learner is well-formed.

2. If the answer submitted is a well-formed formula, then the system will test the

correctness of the solution.

Before we test if the formula submitted is correct or not, we need to verify that the

formula is well-formed. Because this task will be very frequently used in many of the

other exercises, if not all of them, a parser will be implemented to make sure that all the

formulas that are submitted by learners are well-formed. Further details on the parser

can be found in section 3.3.

After making sure the submitted formula is well-formed, the system needs to verify

if it describes the phrase in natural language of the exercise. To make this possible, when

the exercise is created the instructor gives a phrase and a well-formed formula that is a

possible solution to the exercise, so that it can be compared to the learner’s solution. To

make sure the answer is correct, we need to verify if the submitted formula is equivalent

to the formula the system as associated with that particular exercise. This is done with

the use of a tool that will be implemented in the future called equivalence verifier - more

details on this tool can be found in 3.3.

When the system finishes the two verifications that were enumerated above, and all

the appropriate feedback is given to the learner, this first exercise is over, and the process

starts all over again.

28



3.2. LOGIC EXERCISES

Feedback The first feedback we need to give a learner in this exercise is whether the

formula he submitted is well-formed or not. During the parsing of the formula, the system

will try to save information on where a possible error might have occurred whenever

possible. After this process is complete, the system will inform the learner if the formula

he submitted is well-formed or not and, if the learner wants, he could try and ask for a

hint whenever it is possible. These hints may vary on the type of error picked up by the

parser, but would mainly be informing there is missing a parentheses, or it is misplaced,

or a logical connector is out of order, etc. A couple of examples of feedback for this type

of scenario would be:

• There is a parentheses missing to close the expression...

In the case where the formula submitted by the leaner is a well-formed formula, but

isn’t equivalent to the formula associated with the current exercise being solved, the

feedback given to the learner tells him that, although the formula he submitted is well-

formed, it doesn’t represent the natural language phrase that we want. The student can

request a hint to the platform, that will try to tell him where he might have made a

mistake, if possible (this type of feedback will not be possible on every single example).

Examples of this type of feedback would include:

• You might have mixed up equivalence α↔ β and implication α→ β...

Regardless of whether the previous feedback is possible or not, if a learner submits

a well-formed formula that doesn’t represent the natural language phrase that is asked

in the exercise, the system will give as feedback to the learner a possible assignment of

the propositional symbols and the truth-values the correct formula should have for that

assignment, in comparison with the truth-values of the formula submitted by the learner.

Figure 3.3: Feedback on the correct truth-value of an assignment

Interface Each exercise will consist in one natural language phrase being displayed on

the platform, with a set of fixed propositional symbols and the corresponding proposi-

tions. An example of having fixed propositional symbols would be like this:

• R: It is raining.

• S: The sun is shining.

29



CHAPTER 3. PROPOSED WORK

• B: A rainbow can be seen.

• C: It is cloudy.

• U: Max is carrying an umbrella.

By having the propositions fixed, we can define a set of buttons with the possible

symbols that would be required to compose a well-formed formula, as shown in 3.4.

Along side the answer box where the learner’s formula is written, there will be a submit

button for the learner to inform the system he’s ready to have is answer corrected.

Figure 3.4: Buttons available to input a new formula

3.2.1.2 Truth tables from a propositional formula

The main objective of this exercise is for a learner to create a truth-table of a given

propositional logic formula. To add different levels of complexity to this exercise, the

first part of will consist in filling the blank spaces of a truth-table that already has the

column names filled in, each column corresponding to a sub-formula of the given formula

in the exercise. The next level of complexity, consists in the learner creating the entire

truth-table, including filling in the column names corresponding to sub-formulas of the

original one.

Design Details To be able to test the correctness of the solutions submitted by learners,

the system will need a way to generate a correct truth-table of a given formula, to compare

it to the tables submitted. For this purpose, a tool for creating truth-tables of a given

formula will be implemented to help test the correctness of the solutions submitted, and

will be explained in further details in 3.3.2.

The way the system checks if the solutions submitted are correct or not consists in

comparing the solutions with the correct truth-tables generated by the auxiliary tool cell

by cell. If both tables are an exact match, then the solution is correct; if there is a single

cell different, the system gives feedback on the error.

On the second complexity level of the exercise, the learner will also need to fill in the

columns of the truth-table, meaning that for the correctness of this level, not only are

both tables compared cell by cell, but the system also checks if the column labels match

the generated truth-table.

Feedback In the case that the truth-table submitted by the learner matches the truth-

table built by the auxiliary tool, the system gives the learner positive feedback telling him

everything is correct. If the answer submitted doesn’t exactly match the truth-table that
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was generated by the system, the learner is given different levels of feedback depending

on what he wants: first, the learner is told that there are N number of entries wrong,

without disclosing the location of the errors. If he still needs further help, there will be

an additional hint that will say exactly which columns contain an error.

Interface Each exercise will have a propositional formula that the learner will fill the

corresponding truth-table, and depending on the complexity level of the exercise, the

truth-table will be semi-complete. The learner will fill each cell with the associated truth-

value by clicking on the cell. In the exercise where the complexity level is higher, the

columns of the truth-table are filled also by the learner. Under the truth-table will be

located a submit button.

3.2.1.3 Semantic equivalence: convert a formula to a normal form

The main goal of this exercise is to train a learner on how to use equivalence transforma-

tions to convert propositional formulas into equivalent formulas in either conjunctive or

disjunctive normal forms.

This exercise will have two levels of complexity, where in the first level, the learner

is given both an original propositional formula as well as an equivalent formula to the

original, but already in either conjunctive or disjunctive normal form. Like this, the

learner has a start and a finish line, and only needs to apply the correct transformations

on the original formula to produce the one asked by the exercise. In the second level of

complexity, the only difference is that the learner isn’t given a goal formula already in a

normal form, and needs to start from the original one and get to the asked normal form

(conjunctive or disjunctive).

Design Details Every time a learner applies a transformation to the original formula of

the exercise, the system needs to always make sure that the newly produced formula is

well-formed and is equivalent to the formula the transformation was applied to. As we

described in a previous exercise, this first task of making sure a formula is well-formed

is a very recurring task on our platform. For that, like in the previous exercise, the task

of making sure a formula is well-formed will be performed by one of the auxiliary tools

that will be implemented for this dissertation - the parser (3.3.1).

After making sure the new formula is well-formed, the second thing the system needs

to make sure is if that new formula is still equivalent to the one the transformation was

originally applied to. For this task, the system will use an auxiliary tool designed to verify

if two formulas are equivalent or not - this tool is further described in 3.3.3.

The learner repeats the process of applying these transformations to the original

formula until he reaches the asked normal form in the exercise. Every time a new formula

is entered in the system, it is verified that it is well-formed and equivalent to the original,

and if it isn’t, the system gives the leaner the appropriate feedback.
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Exercises Parser Eq. Verifier TT. Creator NF. Verifier
1 T F F F
2 F F T F
3 T T F T

Table 3.1: Requirements table for the logic oriented tools

Feedback Before verifying if the answers submitted by a learner are correct, the appli-

cation needs to check if the formula that was submitted is still a well-formed formula.

This is verified by the parser, and depending on if the formula is well-formed or not, the

system will give the learner appropriate feedback. This feedback process of checking if

a formula is well-formed or not was already described in the feedback paragraph of the

first exercise, so we will skip it here.

After this, the system still needs to verify that the newly submitted formula is equiva-

lent to the original. In the case that the new formula isn’t equivalent, the learner is told

his transformation, although it produced a well-formed formula, it was not equivalent to

the original, therefore rejecting that transformation and returning to the original.

When the learner arrives at the asked normal form, he submits the exercise to receive

feedback on whether he has reached a solution or not, and the system with the use of

another auxiliary tool that will be implement will verify if a given formula is in the normal

form that is passed as a parameter. This tool will be further described in section 3.3.4.

If the formula submitted by the learner isn’t in the normal form that was requested,

he is given an example of a correct formula in that normal form so that he can try to spot

his mistake.

Interface Each exercise will have a starting formula and a type of normal form that the

learner is supposed to reach with transformations from the original formula. In the first

complexity level, there will also be a target formula in the asked normal form, to make

it easier to visualize the transformations for the learner. There will be the usual set of

buttons shown in figure 3.4, so the learner can write new formulas. A submit button will

also be found for a learner to receive feedback on his current written answer.

3.2.2 Requirements

In this subsection we present the requirements of each exercise in the following tables.

First we begin with the logic oriented tools that will be implemented, showed in table 3.1.

The requirements for the interface elements are shown in table 3.2.

3.3 Logic oriented tools to be implemented

In this section we are going to discuss the logic oriented tools that will be created to

make the implementation of the exercises mentioned in section 3.2 possible. Starting
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Exercises Buttons for Symbols Log Truth-tables
1 T F F
2 F F T
3 T T F

Table 3.2: Requirements table for the interface elements

in subsection 3.3.1, we talk about the importance of implementing a parser, that will be

used to test if the formulas in our system are well-formed or not. Next we discuss a tool

used for creating truth-tables of a given well-formed formula in 3.3.2. To conclude this

section, we discuss two tools used for verifying certain conditions - we have one to see if

two formulas are equivalent, and another one to see if a given formula is in the normal

form that was asked - both can be found, respectively, in 3.3.3 and 3.3.4.

3.3.1 Parser

In this subsection we will discuss the details of the parser that will be implemented for

this application. A parser is a software component that takes input data and builds a

data structure – often some kind of parse tree, abstract syntax tree or other hierarchi-

cal structure, giving a structural representation of the input while checking for correct

syntax.

After looking at the exercises showed in 3.2, there is a clear need to verify if a given

formula is well-written or not, for the design and implementation of some exercises to

be possible. For example, on the first exercise where the goal is to transform a natural

language phrase into a propositional formula, there needs to be a way to verify if the

formulas submitted by learners are well-written or not.

There are solutions to this problem already found in third-party libraries, such as

ANTLR2, but most of them would only be able to tell us if a given formula is well-written

or not, in the form of a Boolean variable. This wouldn’t be a problem if we didn’t want

to give a custom feedback on the parsing of the formulas - for example, if a formula was

missing a parentheses, the feedback given to the learner would indicate the error was a

missing parentheses. What this means is that during the parsing process, we will need to

save information on the error so that we can give a more accurate feedback to the learner.

The first thing that we need to do is create a grammar of the language of we want

our parser to read - in this case, Classical Propositional Logic - so that it can use the

rules defined in the grammar to make sure a formula is well-written according to the

Propositional Logic rules. Further details on the practical implementation of the parser

will be given when the implementation phase of the dissertation begins.

2What is ANTLR?: ANTLR (ANother Tool for Language Recognition) is a powerful parser generator
for reading, processing, executing, or translating structured text or binary files. It’s widely used to build
languages, tools, and frameworks. From a grammar, ANTLR generates a parser that can build and walk
parse trees. [3]
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3.3.2 Truth-Table Creator

In this subsection we will discuss the details of the tool that will be implemented to

create automatically the truth-table of a given well-formed formula. There are a couple

of reasons that would justify the creation of this tool, starting with the first - in the

exercise where the learner fills out a truth-table manually of a given formula, we need to

have a correct version of that truth-table built automatically to test the correctness of the

solution. Secondly, and arguably most importantly, this tool will be very useful with the

implementation of another tool in this section - the equivalence verifier. More details on

this topic will be given in 3.3.3.

For this functionality, we could make use of a third-party library as we simply need a

tool that gives us a data structure with the truth-table values. The only concern in using a

third-party tool would be to manage and convert inputs and replies to match our systems.

But if that work proves to be less than actually creating the tool itself, it would be a valid

option to consider using a third-party tool.

Further details on the practical implementation of the truth-table creator will be

given when the implementation phase of the dissertation begins. There we will decide

on whether it is better to use a third-party tool or to create our own.

3.3.3 Equivalence Verifier

In this subsection we will discuss the tool that will be implemented to verify if two given

well-written formulas are equivalent or not. As we mentioned in 2.2, we can prove two

propositional formulas are equivalent by comparing their truth-values. If it is the case

that two formulas have the same truth-tables, then it means they both are equivalent; if

the truth-tables are different, we can’t say they are equivalent.

The implementation of a tool like this is very simple and will not require the need for

a third-party library - given two well-written formulas, the application generates a truth-

table for each of them and compares the results cell by cell, making sure all elements are

equal; if it is the case, then both formulas are equivalent, if not then both formulas are

not equivalent. The only challenge lies in the creation of a truth-table given a formula.

Fortunately, this tool is already going to be implemented and is better described in 3.3.2.

3.3.4 Normal Form Verifier

In this subsection we will discuss the tool that will be implemented to verify if a given

formula is in the normal form that we need. For example, the tool receives a propositional

formula and a type of normal form as inputs and returns a Boolean variable telling us if

the formula is in the normal form that was given as a parameter.

This tool will prove to be very useful in the exercise where the learner needs to apply

equivalence transformations on a given formula until he manages to convert it to the

request normal form. When the learner submits his answer, the type of normal form

34



3.3. LOGIC ORIENTED TOOLS TO BE IMPLEMENTED

asked in the exercise and the formula he wrote are sent through the tool which tests the

correctness of the learner’s answer.

There are some third-party tools that can verify if a given formula is in the asked type

of normal form or not, and it would be an option to consider in the implementation phase

of the dissertation. The only problem with using an outside library is we would need to

manage and convert inputs and replies to match with our system, but if that work proves

to be less time consuming that implementing the tool itself, than it would be a good

solution. Further details on the practical implementation of the normal form verifier will

be given when the implementation phase of the dissertation begins. There we will decide

on whether it is more benefitial to use a third-party tool or to implement our own tool.
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4

Learning Tools Interoperability

In this chapter, we will explore the various aspects of the LTI standard, its architecture,

and its features, including the latest advancements in LTI Advantage. We will also cover

how to implement LTI with our custom logic tool.

In section 4.1, we will provide an introduction to the LTI standard, its history, and its

significance in the education technology landscape. We will also discuss the benefits of

using LTI and its various use cases.

In section 4.2, we will dive into the LTI architecture, including its components, mes-

sage types, and launch process. We will explore how the LTI framework enables seamless

integration between educational tools and Learning Management Systems (LMSs) by

providing a standard way to launch and communicate with third-party tools.

In section 4.3, we will discuss LTI 1.3 features, including OAuth and Single Sign-On

(SSO), which provide enhanced security and authentication mechanisms for LTI integra-

tions.

In section 4.4, we will focus on LTI Advantage, the latest iteration of the LTI specifi-

cation. We will explore the new features introduced in LTI Advantage, including Deep

Linking and the Assignment and Grade Services, which enable a more seamless integra-

tion between educational tools and LMSs.

In section 4.5, we will cover how to implement LTI in your educational technology

applications, including best practices, guidelines, and common challenges.

Finally, in section 4.6, we will provide a conclusion and summarize all the points

discussed in this chapter.

By the end of this chapter, you will have a comprehensive understanding of the LTI

standard and its various features, and be able to implement LTI in your educational

technology applications to enhance the user experience and streamline integration with

LMSs.
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4.1 Introduction to the LTI standard

IMS Global Standards provide a set of guidelines and specifications for seamless integra-

tion and an agile open architecture, allowing innovative products to be rapidly deployed

and work together seamlessly. The Learning Tools Interoperability (LTI) standard is one

such standard that simplifies the integration of external learning applications with learn-

ing management system (LMS) platforms. In this section, we will provide an introduction

to the LTI 1.3 standard, its features, and how it simplifies the integration process.

What are IMS Global Standards? IMS Global Standards are a set of guidelines and

specifications developed by the IMS Global Learning Consortium, a non-profit organi-

zation focused on improving the digital learning experience for students and educators

worldwide. These standards provide a foundation for seamless integration and an agile

open architecture, allowing innovative products to be rapidly deployed and work together

seamlessly. By adhering to these standards, institutions can enhance the user experience,

gain deeper insights, optimize flexibility, and provide greater choice within digital learn-

ing and assessment tools. Modern institutions worldwide rely on IMS Global Standards

to enhance educational outcomes.

LTI 1.3 is the latest version of the LTI standard and introduces new security features

such as OAuth2 authentication and encrypted user data exchange, making LTI integra-

tions more secure. This standard provides a consistent approach to integrating learning

tools with LMS platforms, making it easier for tool providers to conform to the LTI stan-

dard and for LMS platforms to integrate them. It has been widely adopted for integrating

learning tools into LMS platforms, enabling educators and students to access a diverse

range of learning resources with ease.

The LTI 1.3 standard enables the exchange of user data between the LMS and external

tools, allowing for a more personalized learning experience. With LTI 1.3, teachers can

easily access a wide range of external learning tools and integrate them into their cur-

riculum, providing students with a more engaging and personalized learning experience.

The standardized protocols for authentication and data exchange used in LTI 1.3, such

as OAuth2, help prevent unauthorized access to user data and protect against potential

security breaches.

In addition to simplifying integration and improving security, the LTI 1.3 standard

has enabled innovation in the development of new and more effective learning tools. It

has paved the way for the development of new learning tools, such as adaptive learning

platforms, intelligent tutoring systems, and simulations. Educators can stay up-to-date

with the latest educational technology and ensure that their students have access to the

most effective learning tools available.

In summary, the adoption of the LTI 1.3 standard has had a significant impact on

the education technology industry, simplifying integration, improving security, and en-

abling innovation. It has made it easier for institutions to incorporate a diverse range of
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learning tools into their LMS platforms, providing greater customization, flexibility, and

personalization of the learning experience, leading to improved student outcomes.

4.2 Introduction to LTI 1.3 Architecture

The Learning Tools Interoperability (LTI) architecture is a widely used standard for in-

tegrating external learning tools with a learning management system (LMS) platform.

LTI 1.3 architecture consists of three essential roles: the tool provider, the platform, and

the user. Each role plays a crucial part in the integration process, ensuring seamless

communication between the LMS platform and the external tool provider.

Figure 4.1: LTI Architecture

[16]

4.2.1 Key Components of LTI Architecture

The LTI 1.3 architecture has several components that work together to enable seamless in-

tegration between the LMS platform and the learning tool provider. The key components

of the LTI architecture are:

Learning Management System (LMS) The Learning Management System (LMS) is the

primary platform used by teachers and students to manage the learning process. In the

context of LTI 1.3, the LMS acts as the Learning Tool Consumer (LTC) and is responsible

for launching and integrating external learning tools into the platform. The LMS platform

communicates with the tool provider and exchanges data between the two systems using

standard LTI protocols such as OAuth2.
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Learning Tool Provider (LTP) The Learning Tool Provider (LTP) is the external learning

tool that is integrated into the LMS platform. The LTP provides content, assessment, and

other functionalities required for the learning process. The LTP communicates with the

LMS through a standard set of protocols, allowing for seamless integration. The tool

provider must ensure that their tool integrates seamlessly with the LMS platform and

complies with the security standards set by the LTI standard to protect the user’s data

during the exchange.

User The User is the person who interacts with the LMS platform and the external

learning tool. The user can be an educator or a student who is accessing the course

content through the LMS. When the user clicks on the link to the external tool, the LMS

platform will authenticate the user and establish a connection with the tool provider,

exchanging user data and course context.

Role of the Learning Tool Proxy In addition to the LMS, LTP, and User, the LTI archi-

tecture also involves the Learning Tool Proxy. The Tool Proxy acts as an intermediary,

handling secure communication between the LMS and the external tool provider. The LTI

1.3 standard requires the Tool Proxy to be implemented to enable secure communication

and to protect the user’s data during the exchange.

Together, these components enable a seamless and secure integration of external

learning tools into the LMS platform, enhancing the user experience and improving

learning outcomes. The LTI 1.3 architecture has become the standard for integrating

external learning tools with LMS platforms, providing a flexible and efficient way to

manage the learning process.

4.2.2 LTI Message Types

The Learning Tools Interoperability (LTI) standard defines several message types that

enable communication between the tool provider and the platform. These message types

are essential for providing a seamless and integrated learning experience, as they allow

for the exchange of data and resources between the two systems. In this section, we will

discuss the various LTI message types and their functionalities.

Launch The Launch message type is the most fundamental LTI message type, as it initi-

ates the connection between the tool provider and the platform. It includes parameters

such as the user ID, course ID, and context ID, which allow the tool provider to retrieve in-

formation about the user and the course. The Launch message also includes a unique key

and secret that are used for authentication. Once the tool provider receives the Launch

message, it can authenticate the user and retrieve the necessary information to provide a

personalized learning experience.
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Content-Item Selection The Content-Item Selection message type allows the user to

select content items from the tool provider and embed them into the platform. The

tool provider sends a list of available content items to the platform, which the user can

choose from. The selected content item is then embedded into the platform using the

LTI Content-Item Message format. This message type is especially useful for providing a

variety of resources to the user within the platform, without requiring them to leave the

platform to access them.

Deep Linking The Deep Linking message type enables the user to link to a specific

resource within the tool provider, rather than just launching the tool provider as a whole.

It allows the user to navigate directly to a particular activity or resource within the tool

provider, such as a quiz or a video. This message type is especially useful for providing a

more personalized and targeted learning experience to the user.

Assignment and Grade The Assignment and Grade message type allows the platform to

send assignments to the tool provider and receive grades in return. It includes parameters

such as the assignment ID, user ID, and the score obtained by the user. Tool providers

can use this information to update the user’s grade book in real-time. This message type

is especially useful for providing a more streamlined and automated assessment process,

saving time and effort for educators and students alike.

Names and Roles The Names and Roles message type enables the platform to request

information about the users in a course. The tool provider sends back the names and roles

of the users, which the platform can then use to manage access and permissions within

the course. This message type is especially useful for providing a more organized and

structured learning experience, as it allows the platform to manage users more effectively.

4.2.3 Launch Process

earning Tools Interoperability (LTI) version 1.3 introduces new standards for secure au-

thentication and dynamic data exchange, streamlining the process for integrating learn-

ing tools with learning management systems (LMS) [IMS-LTI-v1p3]. The LTI 1.3 launch

process follows a simple sequence of steps, including the use of JSON Web Tokens (JWT)

for secure and efficient data exchange between the LMS and learning tool.

The launch process begins when a user clicks on a link to a learning tool from the

LMS. The LMS generates a unique launch URL that includes all necessary data about the

user, context of the tool launch, and any other relevant parameters. The LMS then sends

a launch request to the Learning Tool Provider (LTP), which includes the launch URL and

an OAuth 2.0 access token to authorize the request.

Upon receiving the launch request, the LTP verifies the OAuth 2.0 access token and

retrieves the launch data from the request. The LTP processes the launch request, such
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as setting up a new user account or retrieving user information from the LMS. Once the

processing is complete, the LTP generates a launch response that includes the necessary

information for the LMS to launch the learning tool.

Unlike previous versions of LTI, which relied on iframes to display the learning tool

within the LMS, LTI 1.3 launches the learning tool in a new browser window or tab outside

of the LMS frame [IMS-Security-Framework]. This provides the learning tool with more

control over its own user interface and enables a more immersive user experience. The

learning tool can also communicate more directly with the LMS using the JWT, enabling

dynamic data exchange and personalization.

What is an iframe? In the context of LTI 1.3, an iframe is an HTML element that is used

to embed external content, such as an external learning tool, within the LMS platform.

It provides a contained and isolated environment for the external tool to be displayed

within the LMS user interface. This allows for a seamless and integrated user experience

for the learner and allows for secure communication between the LMS and the external

tool to protect user data and information [1].

The JWT encapsulates all necessary information for the LMS to launch the learning

tool, including user data, tool data, and any other relevant parameters. The LMS processes

the launch response and retrieves the JWT, which is then used to launch the learning tool.

The learning tool can then use the JWT to retrieve any additional data it needs from the

LMS, such as the user’s name, role, and course information. This dynamic data exchange

enables a more personalized and streamlined user experience, where the learning tool

can adapt to the user’s needs and context.

While iframes were widely used in previous versions of LTI, they had limitations that

were addressed by LTI 1.3’s use of JWTs. Iframes did not allow for seamless communica-

tion between the learning tool and the LMS, requiring data to be passed back and forth

using cookies or hidden form fields, which could be cumbersome and prone to errors.

In addition, iframes could be a security risk if the external content was not properly

sandboxed, allowing malicious code to execute within the LMS environment.

In conclusion, the LTI 1.3 launch process offers a more streamlined and secure method

of integrating learning tools with learning management systems. With the introduction

of modern authentication standards and dynamic data exchange, LTI 1.3 enables a more

personalized and seamless learning experience for users. The use of JWTs eliminates the

need for iframes and offers a more secure and efficient way of passing data between the

LMS and the learning tool [14]. Furthermore, the use of JWTs allows for a more direct and

personalized communication between the LMS and the learning tool, enabling a more

immersive user experience [14].

The security of the LTI 1.3 launch process is also a significant improvement over

previous versions of LTI. The use of OAuth 2.0 access tokens and JWTs ensures that only

authorized users can access the learning tool, protecting user data and information [14,
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7]. Additionally, the elimination of iframes reduces the risk of malicious code execution

within the LMS environment [1].

Overall, the LTI 1.3 launch process represents a significant step forward in the inte-

gration of learning tools with learning management systems. Its adoption by major LMS

platforms and learning tool providers indicates its success and effectiveness in streamlin-

ing the integration process while ensuring security and data privacy.

4.3 LTI 1.3 Features

Learning Tools Interoperability (LTI) version 1.3 is the latest version of the LTI standard,

which has been widely adopted by learning management systems (LMS) and educational

technology providers. LTI 1.3 introduces several new features and improvements that

enhance the interoperability, security, and user experience of learning tools integrated

with LMS platforms. These features include the use of OAuth 2.0 for authentication,

improved security through the use of JSON Web Tokens (JWT), and better support for

mobile devices. In the following section, we will describe these new features and their

benefits in more detail.

4.3.1 OAuth2.0 Authentication

One of the key features of Learning Tools Interoperability (LTI) version 1.3 is the use of

OAuth 2.0 for authentication. OAuth 2.0 is an industry-standard protocol for authoriza-

tion and authentication that provides a secure and streamlined way for users to access

resources across different applications and services.

OAuth2.0 OAuth 2.0 is a widely-used authorization framework that allows users to

grant third-party applications limited access to their resources without sharing their cre-

dentials. It is used by many websites and applications, including social media platforms,

cloud storage providers, and online marketplaces.

The OAuth 2.0 framework consists of four roles: the resource owner (the user), the

resource server (the server that hosts the protected resources), the client (the applica-

tion requesting access to the resources), and the authorization server (the server that

authenticates the user and issues access tokens).

The execution flow of OAuth 2.0 begins with the client requesting authorization from

the resource owner to access the protected resources hosted by the resource server. The

resource owner then authenticates with the authorization server and grants or denies

the client’s request. If the request is granted, the authorization server issues an access

token to the client. The client then presents the access token to the resource server, which

verifies the token’s validity and grants access to the protected resources if the token is

valid.
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OAuth 2.0 is designed to be flexible and extensible, allowing for a wide range of use

cases and scenarios. It provides a standardized framework for authorization that can

be implemented by different providers, platforms, and applications. It also includes a

range of security features, such as the ability to revoke access tokens and the use of secure

communication protocols.

Figure 4.2: OAuth 2.0 Flow

[28]

In the context of LTI, OAuth 2.0 is used to authenticate the user and authorize access

to the learning tool. When a user clicks on a link to launch a learning tool from within

the Learning Management System (LMS), the LMS generates a unique launch URL that

includes all the necessary data about the user, context of the tool launch, and any other

relevant parameters. The LMS then sends a launch request to the LTI Tool Provider

(LTP), which includes the launch URL and the OAuth 2.0 access token, which is used to

authorize the request.

Upon receiving the launch request, the LTP verifies the OAuth 2.0 access token and

retrieves the launch data from the request. This process ensures that the user is authenti-

cated and authorized to access the learning tool.

OAuth 2.0 provides several benefits for LTI users, including improved security and

privacy. It also simplifies the launch process, making it easier for users to access learning

tools across different LMS platforms. With the use of OAuth 2.0, LTI 1.3 offers a more

streamlined and secure integration process that enhances the overall learning experience.
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4.3.2 Single Sign-On (SSO)

In addition to OAuth 2.0 authentication, Learning Tools Interoperability (LTI) version

1.3 also supports Single Sign-On (SSO) as a key feature. SSO allows users to log in to

multiple learning tools and platforms with just one set of credentials, eliminating the

need for users to remember multiple usernames and passwords.

SSO works by authenticating the user once and then propagating the authentication

to other services and applications. In the context of LTI, this means that once a user logs

in to their Learning Management System (LMS), they can access all the learning tools that

are integrated with the LMS without the need to enter additional login credentials.

SSO simplifies the login process for users and reduces the risk of forgotten passwords,

which can be a major issue in education environments where users often have multiple

accounts across different platforms. By providing a seamless login experience, SSO en-

hances the overall user experience and helps to increase user adoption and engagement.

Moreover, SSO can also improve security by reducing the risk of password-based

attacks and making it easier for users to follow best practices such as using strong and

unique passwords. With SSO, users are also more likely to use the same set of login

credentials across multiple platforms, reducing the likelihood of weak passwords or

password reuse.

4.3.3 Enhanced User Experience and Simplified Integration

In addition to the improved security from both the use of OAuth 2.0 authentication

and the Single Sign On features, another significant improvement offered by LTI 1.3 are

several features that promote a better and more streamlined user experience. One of these

features is the ability to launch learning tools and platforms directly from the learning

management system (LMS). This eliminates the need for users to navigate to separate

tools and platforms, making the overall learning experience more efficient and intuitive.

Another way that LTI 1.3 enhances the user experience is by providing a consistent

user interface across different tools. With LTI 1.3, users can expect a similar look and feel

when using different tools, reducing confusion and improving user engagement.

In addition to these user-centric features, LTI 1.3 also simplifies the process of inte-

grating learning tools and platforms. By providing a standardized approach to configu-

ration and deployment, LTI 1.3 reduces the time and resources required for integration,

allowing educational institutions and organizations to more easily adopt new learning

technologies.

Furthermore, LTI 1.3 promotes interoperability between different learning tools and

platforms by providing a standard way to exchange data and resources. This allows

users to access and use a wide variety of learning tools and platforms seamlessly, without

needing to worry about compatibility issues.

In conclusion, Learning Tools Interoperability (LTI) version 1.3 brings several new
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features and improvements that enhance the interoperability, security, and user expe-

rience of learning tools integrated with LMS platforms. The key features of LTI 1.3

include OAuth 2.0 for authentication, improved security through the use of JSON Web

Tokens (JWT), and better support for mobile devices. The use of OAuth 2.0 has resulted

in improved security, privacy, and a more streamlined integration process for accessing

learning tools across different LMS platforms. Similarly, the implementation of Single

Sign-On (SSO) simplifies the login process for users and reduces the risk of forgotten

passwords, which can be a major issue in education environments. The use of JWTs en-

hances the security of LTI 1.3 by providing a way to encrypt and verify the authenticity

of data exchanged between systems. These improvements in LTI 1.3 offer a more efficient,

secure, and user-friendly learning experience.

4.4 LTI Advantage

LTI Advantage is a certified package of LTI services provided by 1EdTech Consortium

that adds new features to the core LTI standard. It enables a better user experience

by allowing deeper integration between certified learning management systems (LMS)

and learning apps and tools. The package comprises three services: Names and Role

Provisioning Services, Deep Linking, and Assignment and Grade Services. With LTI

Advantage, institutions can streamline course enrollment and automate the passing of

assignment scores and grades from digital tools back to the LMS. Additionally, LTI

Advantage provides a tool profile that ensures better app administration, privacy, and

security.

The benefits of using LTI Advantage are numerous. One of the main advantages of

this standard is that it enables seamless and secure integration between LMS and other

learning tools. This means that students and teachers can access a wide range of educa-

tional resources within their LMS without having to switch between different platforms.

Moreover, LTI Advantage allows for the development of innovative and customizable

learning experiences, enabling the creation of personalized learning pathways and the

integration of various educational tools and resources.

LTI Advantage also offers enhanced privacy and security measures to protect student

data when it is shared between different systems. Furthermore, it allows for improved

interoperability, facilitating the exchange of data and content between different platforms

and enhancing the learning experience for students and teachers. By requiring edtech

suppliers to be certified for LTI Advantage, institutions can ensure that the edtech tools

they use meet industry standards for compatibility, privacy, and security. Overall, LTI

Advantage offers a robust and reliable solution for institutions looking to enhance their

edtech environment and provide an effective and efficient learning experience for their

students.
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4.4.1 LTI Advantage Components

The LTI Advantage package comprises three main services that work together to enhance

the integration between learning management systems (LMS) and other learning tools.

These services are Names and Role Provisioning Services, Deep Linking, and Assignment

and Grade Services. Each of these services plays a critical role in streamlining course

enrollment, facilitating data exchange between different systems, and providing a better

user experience for students and teachers.

4.4.1.1 Deep Linking

Deep linking is a service provided by LTI Advantage that allows users to access specific

resources or activities within a learning tool or platform without needing to manually

navigate to them. It provides a direct link to a specific piece of content within an external

tool, such as a quiz or video, which can be accessed with a single click from within the

LMS. This saves time and effort for both students and instructors, as they no longer need

to search through multiple pages and menus to find the desired resource.

Deep linking works by utilizing a unique URL called a "launch URL". This URL

is generated by the external tool provider and contains information about the specific

resource that is being linked to. When the user clicks on the deep link from within the

LMS, they are redirected to the external tool and taken directly to the relevant resource.

One of the main benefits of deep linking is that it allows for more personalized and

targeted learning experiences. Instructors can provide direct links to specific resources

that are relevant to the current lesson or topic, rather than requiring students to navigate

through the external tool to find them. This can save students a significant amount of

time and frustration, and can help to keep them engaged and motivated.

Deep linking also provides enhanced security for student data. Because the launch

URL contains information about the specific resource being accessed, it can include au-

thentication and authorization information to ensure that only authorized users are able

to access the content. This helps to protect student data and ensures that only those who

are meant to access a particular resource are able to do so.

Overall, deep linking is a powerful tool that allows for more personalized and effi-

cient learning experiences, while also providing enhanced security and accessibility for

students. By utilizing this LTI Advantage service, instructors can streamline the learning

process and provide a more effective and engaging educational experience.

4.4.1.2 Names and Roles Provisioning Service (NRPS)

The Names and Roles Provisioning service is one of the three main services offered by

LTI Advantage. This service enables the secure exchange of user information between the

learning management system (LMS) and the learning tool or platform. This information

can include user names, roles, and course enrollments, among other data points.
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One of the main benefits of the Names and Roles Provisioning service is that it sim-

plifies the process of user management. Without this service, instructors would need to

manually enter user information into each learning tool or platform that they use. This

can be time-consuming and error-prone, as it requires instructors to maintain multiple

sets of user data across different platforms.

With the Names and Roles Provisioning service, the LMS becomes the central source

of user information. When a user logs into the LMS, their information is securely passed

to the learning tool or platform. This ensures that the user’s information is up to date

and accurate across all platforms.

In addition to simplifying user management, the Names and Roles Provisioning ser-

vice also enhances privacy and security. By securely exchanging user information between

the LMS and the learning tool or platform, this service ensures that sensitive data is not

exposed to unauthorized users.

Overall, the Names and Roles Provisioning service is an essential component of the LTI

Advantage package. It streamlines user management and enhances privacy and security,

making it an invaluable tool for institutions looking to provide a seamless and secure

edtech environment for their students and instructors.

4.4.1.3 Assignment and Grade Services

The Assignment and Grade Services is one of the three key services offered by LTI Advan-

tage. This service enables the seamless and secure exchange of information between the

learning management system (LMS) and the learning tool or platform regarding assign-

ments and grades.

With the Assignment and Grade Services, instructors can view and manage grades

and assignments in one place, without having to navigate between different systems. This

streamlines the grading process and provides instructors with a more comprehensive view

of student performance. Additionally, the Assignment and Grade Services can automate

the transfer of grades and assignment scores from digital tools back to the LMS, saving

time and effort for instructors.

The Assignment and Grade Services also enables the exchange of more detailed infor-

mation about assignments and grades, such as due dates, rubrics, and feedback. This al-

lows instructors to provide more detailed and personalized feedback to students, enhanc-

ing the learning experience. In addition, the Assignment and Grade Services supports

the exchange of data and content between different platforms, ensuring that instructors

can use a wide range of educational tools and resources to support their teaching.

Overall, the Assignment and Grade Services provides a comprehensive and efficient

solution for managing assignments and grades within an LMS environment. Its seamless

integration with other learning tools and platforms ensures that instructors can provide

a high-quality learning experience for their students.
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4.4.1.4 Additional Features

In addition to the three main services, LTI Advantage also includes other extensions and

features that enhance the interoperability and functionality of the learning environment.

Tool Proxy The Tool Proxy extension is an important feature of LTI Advantage that

allows for a more seamless integration between the learning management system (LMS)

and learning tools or platforms. With this extension, the LMS can communicate with

the learning tool on behalf of the user, eliminating the need for the user to separately

authenticate with the tool. This not only simplifies the user experience but also improves

the security and privacy of student data. The Tool Proxy extension also enables the LMS

to receive and handle notifications and events from the learning tool, further enhancing

the integration between the two systems.

Content-Item Message Content-Item Message is an LTI Advantage feature that enables

the learning management system to embed content from a learning tool or platform

directly into its interface. This extension allows for the creation of a more integrated

learning environment, where instructors can easily incorporate learning resources from

external sources into their courses. With Content-Item Message, educators can easily

search for and embed videos, interactive learning objects, assessments, and other re-

sources from external sources within their course content, enhancing the overall learning

experience for their students. Additionally, this feature allows for a more streamlined

workflow, as instructors no longer need to navigate between different platforms to incor-

porate external content into their courses.

Outcome Service The Outcome Service is an optional extension of LTI Advantage that

enables the learning tool or platform to report student achievement data back to the

learning management system. This feature allows instructors to view and track student

progress across multiple learning resources and tools. The Outcome Service also facil-

itates the assessment of student learning outcomes, providing educators with valuable

insights into student performance and achievement. With the Outcome Service, insti-

tutions can create more comprehensive and data-driven approaches to teaching and

learning, ultimately leading to better outcomes for students.

4.5 Implementing LTI

LTI 1.3 is a powerful and versatile standard for integrating educational technology ap-

plications with Learning Management Systems (LMS). With the introduction of LTI

Advantage features, LTI 1.3 has become more robust and secure than ever before. To fully

leverage the potential of LTI 1.3 and its Advantage features, it is essential to understand

the implementation process.
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In this section, we will discuss the general steps required to implement LTI 1.3 Core

and Advantage features. We will explore the technical aspects involved in implementing

LTI 1.3, including the use of JSON Web Tokens (JWTs) for authentication and the different

types of message exchanges supported by the standard. This section will provide you

with the foundational knowledge required to successfully understand the integration

process of the LTI 1.3 standard, with a custom external tool.

4.5.1 LTI 1.3 Core

Now that we have covered the general concepts of LTI 1.3 and its features, it is time to

delve into the technical details of how to implement LTI 1.3 Core. In this section, we

will explore the steps required to set up and configure LTI 1.3 Core, as well as how to

authenticate users, launch tools and services, and authorize access.

4.5.1.1 Setting up the LTI 1.3 Core Integration

The first step in implementing LTI 1.3 Core is to set up the integration between the LMS or

other educational technology application and the LTI tool or service. This involves estab-

lishing a secure connection and ensuring that the LMS or application can communicate

with the LTI tool or service.

To set up the LTI 1.3 Core integration, it is essential to ensure that the LMS or ap-

plication supports the LTI 1.3 Core standard. LTI 1.3 Core is built on OAuth 2.0, which

provides a secure way for applications to access a user’s resources without requiring the

user to disclose their credentials to the application. OAuth 2.0 uses access tokens to grant

access to protected resources, such as a user’s data or an LTI tool’s functionality.

To establish a secure connection, the LMS or application must obtain an access token

from the LTI 1.3 Core tool or service. This access token is issued by the tool or service

provider and is used to authenticate and authorize access to the tool or service. The LMS

or application must also obtain a launch URL for the tool or service, which is typically

provided by the tool or service provider.

4.5.1.2 Configuring the LTI 1.3 Core Integration

Once the integration is set up, it is important to configure it to work with specific tools

or services. One of the key aspects of configuring the integration is setting permissions

and scopes for the different user roles.

In LTI 1.3 Core, permissions and scopes are used to define what a user can or cannot

access within an external tool or service. These permissions and scopes are defined by

the tool or service provider and can be requested by the LMS or application during the

launch process.

The process of configuring permissions and scopes can be done through the adminis-

trative interface of the LMS or application. This allows administrators to set up different
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roles for users and determine which tools or services are available to each role. For exam-

ple, a student role may only have access to certain tools or services, while a teacher role

may have access to additional tools or services.

Another way to configure permissions and scopes is through the use of API calls to the

LTI tool or service provider. This allows administrators to programmatically configure

permissions and scopes for different user roles and automate the process of configuring

the integration.

4.5.1.3 Testing the Integration

Testing the LTI 1.3 Core integration is an essential step in the implementation process.

This step ensures that the integration is functioning as expected and that users can access

the external tool without any issues.

During development, unit testing should be performed to ensure that the code is work-

ing correctly and that all the required functionalities are present. It is also recommended

to perform integration testing to ensure that the LTI tool is communicating effectively

with the LMS.

Before deploying the external tool, functional testing should be performed to ensure

that the integration is working correctly from the user’s perspective. This can involve

testing different scenarios and user roles to ensure that everyone can access the external

tool without any issues. This is also a good opportunity to check that all the configurations,

such as permissions and scopes, are set up correctly.

Any issues that are identified should be addressed promptly to ensure that users can

access the external tool without any disruptions.

4.5.2 LTI Advantage Features

LTI Advantage builds on the LTI 1.3 Core standard by adding additional features and

functionality to support a wider range of educational technology use cases. Implementing

LTI Advantage features can enhance the user experience and provide more powerful tools

for teaching and learning.

Before implementing any LTI Advantage features, it is important to ensure that the

LMS we plan to use is LTI Advantage compliant. Compliance can be verified using the

LTI Advantage certification process, which tests for compliance with the standard and

ensures interoperability with other LTI Advantage compliant tools and services.

Once the LMS and learning tools are set up and certified, we can begin the imple-

mentation process. This typically involves configuring the LMS to communicate with the

learning tools through the various LTI Advantage services, such as Names and Role Pro-

visioning, Deep Linking, and Assignment and Grade Services. This can be done through

a variety of methods, such as configuring the LMS settings, creating app configurations,

or using APIs.
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We will now give a more detailed explanation on the implementation of each of the

main LTI Advantage features.

4.5.2.1 Deep Linking

Deep linking is one of the features introduced in the LTI Advantage specification, which

enhances the LTI framework by allowing for more seamless integration between educa-

tional tools and LMSs. Deep linking provides a way for LMS users to link directly to

specific content or activities within a third-party tool or application. This feature simpli-

fies the navigation and reduces the time it takes for users to access the content they need,

improving the user experience.

To implement the deep linking feature, the LMS or educational technology application

must support the LTI Advantage standard, which includes the deep linking message. The

deep linking message contains information about the resource to be linked, including its

type, title, and launch URL. It also includes information about the user, such as their role

and permissions.

When the user clicks on the deep link, the LMS sends a launch request to the third-

party tool or application with the necessary parameters to launch the requested content.

The third-party tool or application then responds with the appropriate content, which is

displayed within the LMS or educational technology application.

4.5.2.2 Names and Role Provisioning

The Names and Roles service is a feature of the LTI Advantage specification that enables

an educational tool to access information about users and their roles within an LMS. This

information includes the user’s name, email address, role, and other relevant details. By

using the Names and Roles service, an educational tool can provide a more personalized

experience to users, tailoring the content and functionality based on the user’s role and

permissions.

To implement the Names and Roles service, both the LMS and the educational tool

must support the LTI Advantage standard, which includes the Names and Roles message.

The Names and Roles message contains information about the user’s name, email address,

and role, as well as any custom parameters defined by the tool.

When the user launches the educational tool, the LMS sends a Names and Roles

request to the tool with the necessary parameters to retrieve the user’s information. The

educational tool then responds with the requested information, which can be used to

personalize the user’s experience.

4.5.2.3 Assignment and Grade Services

The Assignment and Grade Services are features of the LTI Advantage specification that

enable an educational tool to integrate with an LMS for assignment creation, submission,

grading, and reporting. The Assignment and Grade Services provide a standardized
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way for educational tools to exchange assignment and grading information with an LMS,

reducing the need for manual intervention and improving the overall user experience.

To implement the Assignment and Grade Services, both the LMS and the educational

tool must support the LTI Advantage standard, which includes the Assignment and Grade

messages. The Assignment message contains information about the assignment, such

as the title, description, due date, and associated learning outcomes. It also includes

information about line items, which are individual components of the assignment that

can be graded separately, such as multiple choice questions or essay prompts. The Grade

message contains information about the grade, such as the score and feedback, as well as

information about line items and scores, which are the individual scores assigned to each

line item.

When the user launches the educational tool, the LMS sends an Assignment request

to the tool with the necessary parameters to create or retrieve the assignment, including

the line items. The educational tool can then respond with the necessary information to

create or update the assignment and its line items. Once the assignment is completed,

the user can submit it to the LMS, which sends a Submission request to the tool with

the necessary parameters, including the scores for each line item. The educational tool

can then respond with the necessary information to record the submission and its scores.

Finally, when the assignment is graded, the LMS sends a Grade request to the tool with

the necessary parameters to update the grade and its scores. The educational tool can

then respond with the necessary information to record the grade and its scores, as well as

provide feedback to the user.

4.6 Conclusion

In conclusion, the LTI standard provides a standardized way to integrate educational

tools with Learning Management Systems, enabling seamless communication between

them. In this chapter, we covered the various aspects of the LTI standard, including its

architecture, features, and the latest advancements in LTI Advantage. We also discussed

how to implement LTI in educational technology applications and shared best practices

and guidelines.

LTI 1.3 is a significant improvement over its predecessor versions, offering enhanced

security, authentication mechanisms, and dynamic data exchange. The introduction of

modern authentication standards like OAuth and JWTs eliminates the need for iframes,

offering a more secure and efficient way to launch and communicate with third-party

tools.

The use of LTI Advantage features like Deep Linking and the Assignment and Grade

Services enables a more personalized and seamless learning experience for users, further

enhancing the value of LTI integration. Overall, the LTI standard is a critical compo-

nent in the development of interoperable and user-friendly learning tools that can easily

integrate with different LMSs.
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Learning Logic Tool Implementation

The development of a custom logic application requires careful consideration of the

technologies and methodologies involved in creating an effective and efficient tool. In

this chapter, we will provide an overview of the implementation of the Learning Logic

Tool, including the challenges encountered during its development and the technologies

used.

Logic is an essential component of many areas of study, from mathematics and com-

puter science to philosophy and linguistics. As such, tools that enable effective learning

of logic have become increasingly important. The Learning Logic Tool aims to provide

an interactive and engaging platform for students to learn propositional logic through a

variety of exercises and scenarios.

To achieve this goal, we have developed a multi-tier architecture that includes a re-

source server, an authorization server, and a web client. The resource server provides

access to various resources and services, including user data, exercises, scenarios, and sub-

missions. The authorization server is responsible for securely managing access to private

resources on the resource server, and the web client serves as the user-facing interface for

students to complete propositional logic exercises.

In this chapter, we will discuss the implementation of each component of the Learning

Logic Tool, including their technical architectures, implementation details, testing and

debugging, and interactions with other components of the system. We will also explore

the technologies used in the development of the tool, providing detailed explanations of

why we chose certain technologies and the alternatives we considered.

5.1 Learning Logic Tool

In this section, we will provide an overview of the Learning Logic Tool, including its

architecture and the challenges encountered during its development. In section 5.1.1, we

will first introduce the tool’s purpose and goals before diving into the technical aspects

of the tool’s architecture in section 5.1.1. Finally, in section 5.1.3, we will explore the

challenges and difficulties encountered during the development process and how they
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were addressed.

5.1.1 Introduction

Our custom logic application is a web-based tool designed to help students learn and

practice propositional logic. It offers a range of interactive exercises that allow students

to test their understanding of logic concepts and receive immediate feedback and grad-

ing. Additionally, the app includes features such as automatic solution generation and

interactable truth tables, which help students to better visualize and understand logic

expressions.

One of the most significant advantages of our application is its LTI 1.3 compliance,

which enables it to be easily integrated with any LMS that supports the standard. This

compliance is particularly important because it allows teachers and students to access

the tool from within their LMS environment. In today’s world, where online learning is

becoming increasingly prevalent, this tool provides a valuable resource for teachers to

grade students online and for students to learn and practice their logic knowledge. By

integrating with any LTI 1.3 compliant learning platform, students can receive grades for

their exercises completed on the tool, and teachers can analyze their performance.

The application’s integration with LTI 1.3 compliant learning platforms, including

popular ones like Moodle, Canvas, and Blackboard, greatly enhances its usefulness and

accessibility. This integration ensures that educators and students can access the tool

regardless of the platform they use, making it more widely available and easier to adopt

in various learning environments.

Although we developed the tool to be LTI compliant, we chose to make it as general as

possible by implementing it in the IMS Global reference implementation. We made this

choice to leave the options open for future integration with a proper LMS. The IMS Global

implementation is primarily designed for testing purposes, and we plan to integrate the

tool with a more comprehensive LMS, like Moodle, in future work.

In the following sections, we will provide a detailed overview of the architecture,

technologies used, and integration with the IMS Global reference implementation for the

tool. We will also discuss the challenges we faced during the development process and

how we addressed them. Finally, we will conclude with a discussion of future work and

the impact of the tool.

5.1.2 Architecture

In this section, we will provide an overview of the architecture used for our custom logic

tool. This includes a high-level explanation of the components involved and a diagram to

represent the architecture. Additionally, we will discuss our reasoning for choosing this

particular architecture and highlight some of its benefits.
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5.1.2.1 High-level overview

The system architecture consists of several key components that work together to provide

a seamless user experience. At the heart of the system is the resource server, where

all application logic occurs and where all the information necessary for the application

resides. The resource server provides a RESTful API that allows users to interact with the

application and use its features through the web client.

To access these resources, the user needs to authenticate themselves in the system by

contacting the authorization server and generating an access token to access the resource

server’s APIs. The authorization client uses the OAuth 2.0 flow to generate this token,

ensuring secure and reliable authentication for all users.

The resource server and authorization server rely on databases to store and manage

application data. In order to simplify the system architecture, both the resource server

and the authorization server use the same database management system, to store and

manage user information, exercises, authentication, and access token information. This

helps to streamline data management and ensure consistency across the system.

Finally, the web client is the interface through which users interact with the applica-

tion. In the case of students, it allows them to solve many different types of logic exercises,

while for teachers, it provides a centralized platform to distribute logic material to their

students to access. The web client is designed to be user-friendly and intuitive, with a

clean and simple interface that makes it easy for users to navigate and use the application.

5.1.2.2 System architecture diagram

To provide a visual representation of the architecture, Figure 5.1 shows a diagram of the

system’s three tiers and their interactions.

The figure shows a 3-tier architecture diagram, which separates the web client, the

back-end server, and the database into distinct layers. The web client is located on the

top tier and is responsible for rendering the user interface and sending requests to the

back-end server. The middle tier contains the back-end server, which processes these

requests, communicates with the database, and sends the response back to the client.

The bottom tier is the database layer, which stores and retrieves data for the back-end

server. By separating the layers, this architecture provides scalability, maintainability,

and security for web applications.

It is important to note that in the depicted architecture, the back-end server serves

as both the resource server and authorization server in the OAuth flow, which allows for

secure access to protected resources.

5.1.2.3 Rationale for the chosen architecture

For the implementation of our project, we decided to adopt a three-tier architecture.
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Figure 5.1: System architecture diagram

What is a Three-Tier Architecture? The three-tier architecture is a software design

pattern that separates an application into three logical layers, namely the presentation

layer, business logic layer, and data storage layer.

The first layer, the presentation layer, is the user interface where users interact with

the application. This layer can be a web-based interface or a desktop application. The

presentation layer is responsible for displaying data to users and receiving user input,

which it passes on to the business logic layer for processing.

The second layer, the business logic layer, is where the application’s core functionality

is implemented. This layer is responsible for processing user input received from the

presentation layer, manipulating data, performing calculations, and carrying out other

application-specific tasks.

The third layer, the data storage layer, is where data is stored and retrieved. This layer

can be a database or a file system. The data storage layer is responsible for managing data

and ensuring data integrity.

By separating an application into three logical layers, the three-tier architecture pro-

vides several benefits. It promotes better scalability, maintainability, and flexibility. It

also enables different layers to be developed and updated independently, allowing for

easier maintenance and future updates. Additionally, this architecture allows for bet-

ter security, as sensitive data can be stored in a separate layer and not exposed to the

presentation layer.
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Why did we choose it? The three-tier architecture was chosen for its simplicity, scalabil-

ity, and maintainability. By separating the front-end, web server, and database into their

own tiers, each component can be independently scaled and maintained. This allows for

easy deployment and updates, as each tier can be updated without affecting the other

tiers.

The separation of the tiers also provides benefits such as improved performance,

increased fault tolerance, and better security. By isolating the database tier, for example,

it is possible to protect the data and control access to it more effectively. In addition,

separating the front-end from the back-end improves performance, since the front-end

can be optimized for client-side processing, while the back-end can focus on server-side

processing.

The RESTful API used in the architecture provides a flexible and scalable way for the

front-end to communicate with the web server. This makes it possible to use the tool with

a variety of platforms and devices, and to easily scale the web server to accommodate

increasing traffic. The use of the RESTful API also simplifies the development process,

since it provides a standardized way to exchange data between the front-end and the

back-end.

Overall, the three-tier architecture provides a solid foundation for the custom tool,

enabling it to meet the demands of a modern web application. Its simplicity, scalability,

and maintainability make it easy to deploy and update, while its improved performance,

fault tolerance, and security make it a reliable and robust solution.

5.1.3 Challenges and Difficulties

The project began like any other, with the setup of the base system and functional au-

thentication using JWT tokens. Once the initial data model was in place, we faced the

first of many challenges. Our platform’s primary objective was to provide a space for stu-

dents to solve logic exercises and receive immediate feedback on their answers. However,

to achieve this goal, we needed a reliable method of testing the correctness of student

submissions.

Parsing Expressions To tackle this challenge, we first attempted to parse the logic

expressions submitted by the students as strings using known algorithms. However, this

approach proved to be insufficient since manipulating the expressions in this format was

too difficult. As a result, we decided to use a parser tool, ultimately choosing ANTLR

over alternatives like JavaCC due to its popularity and strong community.

Learning ANTLR Mastering the ANTLR technology was a challenge in itself since it is

a widely-used tool with an extensive set of features and documentation. We had to invest

a lot of time and effort in searching for the appropriate documentation and selecting the

features required for our project.

57



CHAPTER 5. LEARNING LOGIC TOOL IMPLEMENTATION

Despite the challenges, we successfully implemented the parser and proceeded to

develop additional tools that would ensure the accuracy of graded answers and timely

submission of feedback. Building a robust logic engine and complementary tools was

crucial to achieving these goals.

Complementary Tools One of the challenges we faced in the development of our Learn-

ing Logic Tool was the creation of complementary tools such as the parser, equivalence

verifier, truth table generator, and normal form checker. The implementation of these

tools was relatively straightforward once we had the necessary technologies in place.

However, the process of understanding how to create them and determining the optimal

approach proved to be the most difficult part. To overcome this challenge, we conducted

extensive research and analysis of logic concepts and other existing tools in order to

determine the best approach for each tool.

• Parser: This tool is responsible for converting user input into a logical expression

that can be analyzed and manipulated by the tool. The parser checks the input for

syntax errors and generates a parse tree that can be used for further analysis.

• Equivalence Verifier: This tool checks whether two logical expressions are equiva-

lent. It does this by comparing their truth tables and checking if they have the same

values for every possible combination of inputs.

• Truth Table Generator: This tool generates a truth table for a given logical expres-

sion. The truth table shows the value of the expression for every possible combina-

tion of input values.

• Normal Form Checker: This tool checks whether a logical expression is in a particu-

lar normal form, such as conjunctive normal form (CNF), disjunctive normal form

(DNF) and negation normal form (NNF).

Web Client Creating a user interface that would allow students to view and solve logic

exercises, complete with logic expressions and truth tables, was also a bit challenging.

We had to pay close attention to small details and fine-tune the design to ensure that

everything made sense and was user-friendly.

Fortunately, integrating these two components was made easy due to our choice of

technologies and architecture. We simply had the client communicate with the back-end

through a RESTful API, which allowed for seamless integration and reliable communica-

tion between the two.

LTI 1.3 Core We ensured seamless integration with learning platforms by strictly ad-

hering to a set of guidelines and standards for LTI compliance. To facilitate the LTI
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implementation, we utilized an open-source library (https://github.com/UOC/java-lti-

1.3-provider-example), which was recommended by the LTI 1.3 IMS Global documenta-

tion. However, integrating this library with our project posed a difficult challenge as it

involved configuring various properties and setting up multiple controllers for different

LTI functionalities. We had to adapt some of the code in the library to meet our spe-

cific requirements, which required mastering the entire LTI library to know exactly what

needed to be changed for our use case.

LTI Advantage Features Once we completed the initial LTI Core 1.3 setup, we under-

went a lot of trial and error testing to implement LTI Advantage features like deep-linking.

Overall, the implementation process was far more complicated than we anticipated, caus-

ing us to ease some of the application requirements to accommodate the difficulty and

time that the LTI implementation took.

5.2 Technologies Used

This section will cover the technologies used in our custom logic application. In section

5.2.1, we’ll start by discussing the back-end of the application, including the resource

and authorization servers, and explain each technology we used and why we chose it.

In section 5.2.2, we’ll also explain the benefits of implementing both servers in one, as

well as the technology used for parsing expressions, which is a crucial element of our

application. After that, in section 5.2.4, we’ll move on to the front-end technologies

and explain why we chose them. Finally, in section 5.2.4, we’ll discuss the alternative

options that were considered during the planning phase and explain the reasons behind

our choices.

5.2.1 Resource and Authorization Server

The resource server and authorization server in our custom logic application were imple-

mented using Spring Boot with Kotlin. This combination of technologies was chosen due

to their strong compatibility with LTI 1.3 and our previous experience with them, which

allowed us to implement the application more efficiently. In addition to their compati-

bility with LTI 1.3, Spring Boot and Kotlin were also ideal choices for handling complex

data structures and providing a RESTful API.

The custom logic tool required a database of users, exercises, and other types of data,

which Spring Boot was able to handle with ease. Additionally, the RESTful API provided

by Spring Boot allowed for the communication with a web client written in React. This

was crucial for the application’s functionality as it allowed the client to easily retrieve

data from the server and display it to the user. The RESTful API also provided a flexible

and scalable architecture for future development of the application.
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Spring Boot Spring Boot is a popular Java-based framework for building web applica-

tions [30]. It provides a comprehensive set of features for building and deploying web

applications, including a robust security framework, support for various database tech-

nologies, and integration with other popular Java-based frameworks such as Hibernate

and Spring Data.

One of the main benefits of Spring Boot is its ability to simplify the development

process by reducing the need for boilerplate code. It provides a range of pre-built compo-

nents that can be easily configured, allowing developers to focus on the unique features

of their application.

Spring Boot’s security framework is particularly useful for building secure web appli-

cations. It provides a number of security features out of the box, such as authentication

and authorization, and also allows for custom security configurations.

In addition, Spring Boot’s support for various database technologies, including rela-

tional and NoSQL databases, makes it a versatile choice for building applications that

require data storage. Its integration with popular Java-based frameworks such as Hiber-

nate and Spring Data also simplifies the process of interacting with databases.

Kotlin Kotlin is a modern, statically typed programming language that we used to

develop our back-end code [19]. It was designed to address some of the common issues

developers face with Java, such as null safety, conciseness, and interoperability.

Kotlin’s null safety features make it easier to write code that is less prone to null

pointer exceptions, which can be a common issue in Java code. Additionally, Kotlin’s

concise syntax allows developers to write code with fewer lines, reducing the amount of

boilerplate code needed.

Kotlin also provides support for higher-order functions, which can be used to simplify

the development of complex algorithms. It also has powerful extension functions, which

can be used to add new functionality to existing classes without modifying their source

code.

One of the biggest benefits of Kotlin is its full interoperability with Java. This means

that developers can easily use Kotlin in conjunction with Java-based frameworks such

as Spring Boot. This was particularly useful for our project, as we were able to use the

existing Spring Boot libraries and tools while writing our code in Kotlin.

Why implement both servers in one? We chose to implement both the resource and

authorization servers within the same Spring Boot server to take advantage of the benefits

that this approach provides. By having both servers in the same server, we could reduce

the overall complexity of the system by only needing one connection to the database to

fetch user information. This not only simplified the implementation process, but it also

made the application easier to maintain and more scalable. Furthermore, using Spring

Boot with Kotlin for the back-end provided us with strong compatibility with LTI 1.3, and

our previous experience with these technologies allowed us to implement the application
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more efficiently. Overall, implementing both servers in one and utilizing Spring Boot

with Kotlin helped ensure that our custom logic application was reliable, efficient, and

scalable.

Parsing of Expressions Parsing logic expressions is one of the most important features

of our platform. We use ANTLR along with a custom propositional logic grammar to

implement this feature. ANTLR is a widely-used parsing tool that enabled us to easily

analyze and manipulate the logic expressions. By using a custom grammar, we were able

to define the rules for our specific logic expressions, which allowed for more accurate and

efficient parsing.

ANTLR ANTLR (ANother Tool for Language Recognition) is a powerful parser genera-

tor that we used for parsing and processing user input. It allows us to define a grammar

for our input language and generate a parser from that grammar, which can then be used

to parse user input and produce an abstract syntax tree (AST). The AST can then be used

to perform semantic analysis and generate output. ANTLR supports a wide range of

languages and platforms, including Java and Kotlin, making it a versatile and powerful

tool for language processing tasks.

ANTLR generates a parser that can recognize and transform input text according to

a set of grammar rules. It is a powerful tool that provides many features to facilitate the

development of parsers, such as error reporting, error recovery, tree construction, and

visitor pattern. ANTLR supports many programming languages, including Java, which is

the language we used for our project.

Grammar In our custom grammar, we defined the syntax and semantics of proposi-

tional logic expressions using a set of production rules. These rules specify the structure

of the expressions and the operations that can be performed on them, such as conjunction,

disjunction, negation, and implication. By defining the grammar in this way, we were able

to ensure that the logic expressions entered by users were valid and could be evaluated

correctly.

5.2.2 Web Client

Our web client is a critical component of our platform, as it is the primary interface

through which users interact with our application. To build the web client, we chose

to use Next.js, a popular React framework, with TypeScript. This technology stack pro-

vided us with a flexible and powerful platform for building dynamic and interactive web

applications.

Next.js Next.js is a well-known framework that is commonly used for developing server-

side rendered React applications. It provides developers with a range of tools and features
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that simplify the development process, such as automatic code splitting, server-side ren-

dering, and optimized performance out of the box. By utilizing Next.js for our web client,

we were able to take advantage of its powerful server-side rendering capabilities, which

significantly reduced the initial loading time of our web application and enhanced the

overall user experience. Moreover, Next.js also offered a user-friendly routing system that

facilitated easy navigation between different pages within our application.

TypeScript To further enhance the robustness and maintainability of our web client,

we chose to use TypeScript for our web client to enhance its robustness and maintain-

ability. By providing strong typing and catching errors early in the development process,

TypeScript improves code consistency and reduces development time. It also integrates

well with React and can reduce the amount of boilerplate code needed in a typical React

application.

TypeScript is a statically typed super-set of JavaScript that adds optional type anno-

tations and other language features to JavaScript. Its support in the Next.js ecosystem

provides a number of benefits, including improved code maintainability, better developer

productivity, and increased code quality. By using TypeScript in our Next.js front-end

code, we were able to write more robust and maintainable code that seamlessly integrated

with our back-end Kotlin code.

React React is a popular JavaScript library for building user interfaces. It allows de-

velopers to create reusable UI components and manage complex state in a simple and

declarative way. React provides support for server-side rendering, making it easy to build

fast and scalable web applications. React’s component-based architecture and one-way

data flow model make it easy to reason about the application’s behavior and make changes

to the UI without affecting the rest of the application. React also has a vibrant ecosystem

of tools and libraries that make it easy to integrate with other popular frameworks and

technologies. With React, developers can build robust and maintainable user interfaces

that can scale to meet the demands of modern web applications.

Overall, our use of Next.js, TypeScript, and React allowed us to build a robust and

maintainable web client that provided users with a seamless and intuitive experience.

5.2.3 Learning Platform - IMSGlobal

The learning platform we used to integrate our custom tool was the IMS Global reference

implementation testing learning platform. This platform was designed specifically for

testing and integrating educational technology tools that adhere to IMS Global standards.

The platform provided a suite of tools and features that allowed us to test our tool’s

interoperability with other tools and systems in a controlled environment. We were able

to simulate different scenarios and test various use cases to ensure that our tool was
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functioning properly and could integrate seamlessly with other educational technology

tools.

The learning platform also provided a comprehensive dashboard that allowed us to

monitor and track the performance and results of our tool’s integration tests. We were able

to easily identify any issues or areas for improvement and make necessary adjustments

to ensure our tool’s successful integration.

Overall, the IMS Global reference implementation testing learning platform was an

invaluable resource for integrating and testing our custom educational technology tool.

Its powerful suite of tools and features helped us ensure that our tool was interoperable

and could seamlessly integrate with other educational technology tools and systems.

5.2.4 Reasons and Alternatives

The technology selection process is a crucial aspect of software development. It involves

evaluating various alternatives and selecting the most appropriate technologies that meet

the project’s needs. In our case, we evaluated several back-end technologies, including

Python with Django and OCaml, and ultimately decided to use Spring Boot with Kotlin

and ANTLR.

Python with Django offered advantages in terms of computing and expression ma-

nipulation capabilities, while OCaml offered algorithmic benefits in expression parsing.

However, we ultimately chose Spring Boot because of its strong compatibility with LTI

1.3 and ease of integration with Kotlin. We also considered JavaCC for parsing, but it was

not compatible with Spring Boot and Kotlin.

For the front-end technology, we chose React because of our familiarity with it from

past projects. We also chose TypeScript to improve code maintainability and avoid issues

commonly encountered in JavaScript.

It’s important to note that the selection of technologies was not arbitrary. We carefully

considered each option and chose the technologies that we felt would best suit the project’s

needs. While we considered Python with Django and OCaml, we ultimately chose Spring

Boot because of our familiarity with it from our university courses. The selection of

technologies played a critical role in the success of the project, and we are confident that

we made the right choices.

5.3 Resource Server - Implementation

The resource server plays a critical role in the overall architecture of our custom tool.

This section provides an overview of the resource server’s role, functionality, technical

architecture, implementation details, and testing and debugging.

Firstly, in section 5.3.1, we discuss the role of the resource server and its importance

in the LMS ecosystem. We explain how the resource server acts as a gateway for accessing

various resources and services, including user data, exercises, scenarios, and submissions.
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Next, in section 5.3.2, we provide an overview of the functionality provided by the

resource server. We describe the key features, such as user authentication, exercise sub-

mission, and feedback generation, that are essential for delivering a quality learning

experience.

In section 5.3.3, we present a technical architecture overview of the resource server.

We discuss the components and technologies used in the architecture, such as the pro-

gramming languages, APIs, and protocols. We also provide details on how the resource

server handles data storage, authentication and authorization, business logic, error han-

dling, and logging.

Moving on, in section 5.3.4, we delve deeper into the implementation details of the

resource server. We provide information on the data storage mechanism used by the

resource server, the APIs and protocols implemented, and the authentication and au-

thorization process. We also discuss the business logic implemented in the server, error

handling and logging, and other implementation details.

Lastly, in section 5.3.5, we describe the testing and debugging process for the resource

server. We explain how unit testing, integration testing, and other testing methodologies

are used to ensure the correctness and reliability of the server. We also provide details on

how debugging is performed in case of any issues or errors encountered during testing or

deployment.

5.3.1 Role of the Resource Server

The resource server is the core component of the custom logic tool and is responsible for

handling all application logic, including creating exercises, grading answers, and storing

data related to users, exercises, and submissions. The resource server provides access to

these functionalities through RESTful APIs, allowing the web client to communicate with

the back end and retrieve data as needed.

The resource server interacts with other components of the system, such as the web

client and the database, to provide a seamless experience for users. When the back end

Spring Boot server is started, a connection to the database is established automatically.

We use H2 with Spring Boot (MySQL), which makes working with databases very simple.

We just need to declare repositories for the objects we want and define the relations of

the objects in the data model, and the database is created. We then have access to CRUD

operations on the repository in the code-base.

To implement the logic exercises, we developed four complementary logic tools. The

first tool is a parser that uses an ANTLR grammar defined for propositional logic to

generate a parser and a lexer for the logic expressions. We then implement a visitor to

check if expressions are valid or not. The second tool is an equivalence verifier that checks

if two formulas are equivalent. We first ensure that the formulas are well-formed with the

parser. We then calculate the truth values of each formula with the use of an algorithm,

which converts the expression to RPN and then calculates the truth values for a given
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expression. The third tool is a truth table generator that uses the parser and the same

algorithm used in the equivalence verifier to generate truth values. We can combine these

to create a function that generates a truth table and stores it in a data structure from a

logic expression. The final tool is a normal form verifier that uses the parser and visitor

to verify if an expression is in the requested normal form or not.

Overall, the resource server is essential to the custom logic tool, providing a robust

and efficient way to manage exercises, submissions, and user data. By utilizing comple-

mentary logic tools, we were able to streamline the implementation process and ensure

the accuracy and correctness of the application logic.

5.3.2 Functionality Overview

The resource server manages and serves different types of resources such as users, ex-

ercises, scenarios, and submission data. The data model includes users, who can be

students, instructors, or admins. Exercises can be of different types and have different

parameters that are specific to the exercise type.

Scenarios provide a way to group exercises together based on a common context. As

we can see in figure 5.2, each scenario has a list of propositional variables and propositions

that define the context. Exercises can be associated with one scenario, and by creating new

scenarios with different variables and propositions, we can have exercises with different

contexts. Submission data is stored for the answers of the students, which includes data

on the exercises attempted and the scores obtained.

Figure 5.2: Example of a Scenario, as shown in our platform

The platform uses a logic engine that generates solutions to exercises, allowing it to

compare student solutions with its own and provide real-time grading and feedback. Stu-

dents use the platform to solve exercises and practice their knowledge, while instructors
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can access their students’ submissions and provide feedback. The platform automatically

grades the students, eliminating the need for manual intervention by instructors.

One of the logic engine functionalities is the generation of truth tables, which can

be used to verify the equivalence of two propositions. The product of this generator is

depicted in figure 5.3. The engine also includes a parser, equivalence verifier, and normal

form checker. These tools ensure the correctness of the exercises and solutions generated

by the platform, providing students with accurate feedback and allowing them to learn

at their own pace.

Figure 5.3: Example of a Truth Table generated by our platform

The resources on the server are protected by JWT authentication, ensuring that only

authorized users can access the data. The server also provides complementary tools that

were developed specifically for this application, ensuring that the platform is robust and

reliable.

Data is stored in a database, either H2 or MySQL, and the server provides endpoints

to interact with each data type, with each data type having its own repository. Instructors

can add new exercises and scenarios using a format designed specifically for the plat-

form. Feedback for each exercise is automatically set up, eliminating the need for manual

intervention.

In addition to the functionalities mentioned earlier, the server stores submission data

and can store grades if exercises are graded through the LMS. Instructors can access

students’ submission data and provide feedback, and in the future, the platform will also

provide analytics and reports on student performance, allowing for better tracking of

progress and identification of areas that need improvement.

The resource server also includes a user management system that allows admins to

manage user accounts and permissions. Admins can create and delete user accounts, set
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user roles and permissions, and manage access to the resources, ensuring the security of

the system and preventing unauthorized access to sensitive data.

5.3.2.1 Logic Tools

In this section, we will discuss the logic tools that were implemented to test the correct-

ness of exercises submitted on the platform. These tools were designed to process student

answers and generate solutions that match those given by the server.

Parser Our custom logic application includes a parser to verify the validity of proposi-

tional logic formulas. The parser is designed to handle expressions that use propositional

logic symbols, such as ¬ P ∨Q. We generated the parser and lexer using ANTLR based on

a propositional logic grammar we created. If the formula doesn’t throw a parsing error, it

is considered valid. The parser also transforms the formula into an abstract syntax tree

(AST) that can be easily manipulated and visited.

To illustrate the grammar rules used by the parser, we provide a listing of the propo-

sitional logic grammar. The grammar defines the syntax of valid propositional logic

formulas in a formal way. It includes rules for expressions such as bidirectional, disjunc-

tion, conjunction, and atom, each of which has its own specific syntax. The grammar also

defines the valid variables that can be used in the formulas. The following listing 5.3.2.1

provides the complete grammar rules used in our parser.

start

: expression EOF

;

expression

: atom

| bidirectional

;

bidirectional

: bidirectional EQUIV disjunction

| bidirectional IMPLIES disjunction

| disjunction

;

disjunction

: disjunction OR conjunction

| conjunction

;
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conjunction

: conjunction AND atom

| atom

;

atom

: NOT atom

| LPAREN expression RPAREN

| variable

;

variable

: LETTER

;

Equivalence Verifier The equivalence verifier is a logic tool implemented to check

whether two logic expressions are equivalent. In the context of the LTI-based application,

it is used to verify the correctness of the solutions submitted by students by comparing

them with the server-generated solutions.

To determine if two expressions are equivalent, the verifier first generates the truth

table for each expression. It then compares the truth value arrays of both expressions to

check if they are the same for all possible inputs. If the truth values are the same for all

inputs, the expressions are considered equivalent.

The implementation of the equivalence verifier was relatively straightforward as it

only required checking the truth values of the two expressions. One challenge encoun-

tered was ensuring that the truth table generation for the two expressions was consistent

to avoid errors in the comparison. However, once this was addressed, the verifier was

able to accurately determine the equivalence of the expressions.

Truth Table Generator The Truth Table Generator is a tool implemented in the resource

server that generates truth tables for logic expressions. It is used to test the correctness

of solutions by generating a model answer to compare with the student’s answer.

The generator first generates a list of all the sub-formula of the input expression, in-

cluding the input expression itself. Then, for each sub-formula, it constructs a truth

values array by assigning true or false values to each of the propositional variables in the

sub-formula, and evaluating the truth value of the sub-formula based on those assign-

ments. Finally, it constructs the full truth table by concatenating the truth values arrays

of all the sub-formula.

The data structure that represents the truth table is a two-dimensional array, where
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each row corresponds to a unique assignment of true and false values to the proposi-

tional variables, and each column corresponds to a sub-formula of the input expression.

The value in each cell of the matrix is the truth value of the sub-formula for the given

assignment of truth values to the propositional variables.

One of the challenges in developing the truth table generator is that the number of

rows in the truth table grows exponentially with the number of propositional variables

in the input expression. For an expression with n propositional variables, the truth table

will have 2n rows. This can quickly become computationally expensive for large values

of n, so efficient algorithms for generating the truth table are necessary.

Once the truth values of all sub-formula have been evaluated for all rows of the truth

table, the final truth value of the expression is determined based on its logical connectives

and the truth values of its sub-expressions.

One challenge in developing the truth table generator was ensuring that it could

handle expressions with a large number of variables. Since the number of rows in the

truth table is exponential in the number of variables, it was important to optimize the

generator to handle these cases efficiently.

Normal Form Checker The Normal Form Checker is a tool designed for the Resource

Server that checks whether a given logical expression is in a specified normal form. This

tool is primarily used for verifying the correctness of business logic and testing the accu-

racy of the provided solutions.

The Normal Form Checker is designed to verify whether an expression is in conjunc-

tive normal form, disjunctive normal form, or negation normal form. The tool does not

convert an expression to normal form, but rather determines whether it is already in

the requested normal form as the visitor runs through the expression. The application

performs some logical operations to determine if the normal form is in the requested

form or not.

5.3.3 Technical Architecture Overview

The resource server is implemented using Kotlin programming language and Spring Boot

framework. Spring Boot provides a set of preconfigured modules and libraries for web

development, database access, security, and testing, which reduces the boilerplate code

and speeds up the development process.

The data model includes four main entities: users, exercises, scenarios, and submis-

sions. User accounts are defined by a unique identifier, a username, a password, and

a set of authorities that determine their role and access permissions in the system. Ex-

ercises have a unique identifier, a type that specifies the exercise category, and a set of

parameters that vary depending on the exercise type. Scenarios provide a way to group

exercises together based on a common context and are defined by a unique identifier, a
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list of propositional variables, and a list of propositions that define the context. Submis-

sion data includes a unique identifier, the student who made the submission, the grade

received, and the time of submission.

Figure 5.4: Data Model

To enable data persistence, we used the H2 in-memory database, which allows the re-

source server to store data locally while the server is running. This provides a lightweight

solution for testing and development purposes. Additionally, we used Spring Boot’s built-

in data access framework, Spring Data JPA, to map the data model to the H2 database

schema. This allowed us to easily perform CRUD operations on the database using stan-

dard JPA repository methods.

The resource server uses a MySQL database to store and manage the data. MySQL is

a popular open-source relational database management system that provides high per-

formance, scalability, and reliability. The server connects to the MySQL database using

the Spring Data JPA module, which is a part of Spring Boot and provides a set of abstrac-

tions and APIs for working with databases. Spring Data JPA supports different database

dialects and provides automatic schema generation, query generation, and transaction

management.

During development and testing, the resource server uses an in-memory H2 database

that is also supported by Spring Boot. H2 is a lightweight, open-source, and fast in-

memory database that provides a SQL interface and supports most of the standard SQL

syntax and features. Using an in-memory database for testing allows for faster and more

isolated tests, as the data is stored in memory and does not require network communica-

tion or disk I/O.

In terms of design patterns, the resource server follows the Model-View-Controller
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(MVC) pattern, which is a widely used architectural pattern for building web applica-

tions. The MVC pattern separates the application into three main components: the Model,

which represents the data and business logic, the View, which represents the user inter-

face, and the Controller, which handles user requests, processes data, and updates the

view. This separation of concerns improves the modularity, testability, and maintainabil-

ity of the application.

Overall, the resource server is built using modern technologies and best practices,

which provide a robust and scalable platform for managing and serving resources related

to the learning platform.

5.3.4 Implementation Details

The resource server is a critical component of the learning management system, responsi-

ble for managing user data, exercises, scenarios, and submissions. In this section, we will

discuss the technical implementation details of the resource server, including data stor-

age, APIs and protocols, authentication and authorization, business logic, error handling,

and logging.

5.3.4.1 Data Storage

The resource server uses H2, an in-memory database, to store data locally for persistence.

H2 was chosen because of its lightweight and easy-to-use nature, making it a suitable

choice for a small-scale application like this. Additionally, H2 provides good support for

Java, which is the primary language used in the resource server.

The data model for the resource server consists of several entities, including users,

exercises, scenarios, and submissions. To manage these entities, the resource server uses

Spring Data JPA, which provides an abstraction layer on top of the underlying database.

Spring Data JPA also provides a number of useful features such as query generation,

pagination, and auditing, which help to simplify the data access layer.

To implement the data access layer, the resource server uses repositories for each

data type. Each repository provides methods for performing CRUD (create, read, update,

delete) operations on its associated entity. For example, the UserRepository provides

methods for creating, reading, updating, and deleting user entities.

5.3.4.2 APIs and Protocols

The resource server implements the LTI 1.3 protocol, which allows for secure communica-

tion between the resource server and other components of the system, such as the learning

management system. The LTI 1.3 protocol defines a standard way for the resource server

to receive and send messages, as well as to handle authentication and authorization.

To handle the LTI protocol, the resource server provides endpoints for both normal

and deep link launches. These endpoints receive launch requests from the learning
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management system and respond with the appropriate data, such as the content to be

displayed in the learning management system. The endpoints also handle authentication

and authorization, ensuring that only authorized users can access the resource server.

5.3.4.3 Authentication and Authorization

The resource server uses JSON Web Tokens (JWTs) for authentication and authorization.

JWTs are a compact and self-contained way of transmitting information between parties

as a JSON object. In the resource server, a JWT is generated when a user logs in and is

passed along with subsequent requests to verify the user’s identity.

To implement JWT-based authentication and authorization, the resource server uses

Spring Security. Spring Security provides a number of features for securing web applica-

tions, including support for JWTs. Specifically, the resource server uses Spring Security’s

JWT filter to validate JWTs and to grant or deny access to protected resources based on

the user’s role.

5.3.4.4 Business Logic

The business logic of the resource server is designed to be highly modular and extensible.

Each algorithm and decision-making process is implemented as a separate component,

with well-defined inputs and outputs. This allows for easy maintenance and customiza-

tion of the system.

One of the key components of the business logic is the formula parser, which is re-

sponsible for transforming user-submitted formulas into a format that can be evaluated

by the system. Initially, we used the Shunting Yard algorithm to parse and validate for-

mulas, but we later switched to using the ANTLR parser generator, which allowed us to

implement a more robust and flexible parsing solution.

Another important component of the business logic is the Exercise Evaluation Service,

which is responsible for evaluating the correctness of user-submitted exercise solutions.

The Exercise Evaluation Service uses a variety of algorithms and heuristics to evaluate

the user’s solution, taking into account factors such as syntax correctness, semantic cor-

rectness, and completeness. Based on this evaluation, the Exercise Evaluation Service

generates a score for the user’s solution and provides feedback on any errors or inaccura-

cies in the solution. This service is crucial for ensuring the accuracy and effectiveness of

the platform in providing feedback and helping students improve their logical reasoning

skills.

To ensure the correctness and robustness of the business logic, we have implemented

a comprehensive suite of unit tests and integration tests. These tests cover all major

components of the system, and are automatically run as part of the continuous integration

and deployment pipeline.

Overall, the business logic of the resource server is designed to be scalable, extensible,

and maintainable. By using modern software engineering practices and leveraging the
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power of Spring and Kotlin, we have created a system that is capable of handling large

volumes of user traffic while providing a high degree of accuracy and reliability.

5.3.4.5 Error Handling and Logging

To handle errors and log data, the resource server uses the Log4j logging framework.

Log4j is a popular logging framework for Java applications, providing support for logging

to various destinations such as console, file, and remote servers.

The resource server also provides error reporting mechanisms, such as custom ex-

ception classes and error messages. When an error occurs, the resource server logs the

error and provides an appropriate error message to the user. Additionally, the resource

server provides performance metrics, such as response time and resource usage, which

are logged for monitoring and optimization purposes.

5.3.5 Testing and Debugging

To ensure that the resource server was functioning correctly and reliably, we employed a

variety of testing and debugging techniques throughout the development process. In this

section, we will provide a detailed overview of our testing and debugging procedures,

including unit testing, integration testing, and debugging.

Unit Testing During the development process, we employed a comprehensive suite of

unit tests to verify the functionality of individual units of the resource server code. We

used the JUnit framework for unit testing, which allowed us to easily define test cases

and automate the testing process.

Each unit test was designed to test a specific piece of functionality within the resource

server, and we developed a suite of test cases to cover all possible use cases. We also used

mock objects to simulate the behavior of external dependencies, ensuring that each unit

test was isolated and could be run independently.

By running these unit tests regularly, we were able to catch any issues early in the de-

velopment process, and ensure that the functionality of the resource server was consistent

across different releases.

Integration Testing In addition to unit testing, we also conducted integration testing

to ensure that the resource server was interacting correctly with other components of the

system. This involved testing the integration of the resource server with the client-side

application and the database.

To conduct integration testing, we used the Spring Boot framework, which provides a

comprehensive set of tools for building and testing integrated systems. We created a test

suite that included end-to-end tests, which involved simulating user interactions with

the client-side application and verifying the behavior of the resource server.
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We encountered several challenges during the integration testing process, including

issues with data persistence and compatibility with the client-side application. However,

by using a combination of debugging techniques and collaboration with the develop-

ment team, we were able to resolve these issues and ensure that the resource server was

functioning correctly in an integrated system.

Debugging Throughout the development process, we used a variety of debugging tech-

niques to identify and resolve issues with the resource server code. These included using

debuggers, logging frameworks, and unit tests to isolate and diagnose issues.

For example, we encountered a bug during the development process where submis-

sion data was not being stored correctly in the database. By using the H2 console to

view the data in the database, we were able to identify the issue and make the necessary

changes to the resource server code to fix the bug.

Overall, our testing and debugging procedures allowed us to ensure that the resource

server was functioning correctly and reliably, and catch any issues early in the develop-

ment process. By using a combination of unit testing, integration testing, and debugging

techniques, we were able to deliver a high-quality product that met the needs of our users.

5.4 Authorization Server - Implementation

In this section, we will discuss the implementation of the authorization server, which

plays a crucial role in securely managing access to private resources on the resource

server. We will begin with an overview of the role of the authorization server (5.4.1) and

the importance of implementing one (5.4.2). We will then provide a technical architecture

overview of the authorization server (5.4.3), followed by a detailed description of the

implementation details (5.4.4), including configuring the platform on the tool, managing

access tokens, RSA keys, and LTI Advantage features.

Testing and debugging are critical components of any software development process,

and we will discuss the various techniques and challenges we faced in this section (5.4.5).

Additionally, we will provide examples of interactions between the authorization server

and other components of the system, such as the LMS and resource server (5.4.6), includ-

ing how it handles authentication requests, communicates with the LMS to authorize

access to the custom tool, and uses NRPS and AGS services to retrieve user information

and grades. Finally, we will provide a common scenario (5.4.6) to illustrate how the

authorization server is used in practice.

Overall, this section will provide a comprehensive overview of the implementation

of the authorization server, covering its technical architecture, implementation details,

testing and debugging, and interactions with other components of the system.
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5.4.1 Role of the Authorization Server

The authorization server plays a crucial role in the LTI 1.3 protocol by managing ac-

cess to protected resources in the system. It acts as the gatekeeper, granting access to

authenticated clients and ensuring that only authorized requests are processed.

One of the key functions of the authorization server is to issue access tokens that are

used to authenticate requests. These tokens are granted to clients after they successfully

authenticate themselves to the authorization server using a variety of supported authen-

tication methods such as OAuth 2.0, OpenID Connect, or JSON Web Tokens (JWT). Once

clients obtain these access tokens, they can use them to access protected resources in the

system without having to re-authenticate for every request.

In addition to providing access tokens, the authorization server also plays a critical

role in ensuring the security of the system. It is responsible for enforcing security policies

such as rate limiting, token validation, and revocation of tokens. This helps to prevent

malicious attacks and unauthorized access to protected resources.

Another important aspect of the authorization server is its ability to integrate seam-

lessly with other LTI Advantage services such as the Names and Roles Provisioning Ser-

vice (NRPS) and the Assignment and Grades Service (AGS). By providing a standardized

interface for authentication and authorization, the authorization server makes it easy for

these services to work together to provide a more cohesive and efficient learning experi-

ence for users.

In summary, the authorization server is a critical component of the LTI 1.3 protocol. It

provides secure access to protected resources and enables seamless integration with other

LTI Advantage services. Its role as the gatekeeper of the system ensures that only autho-

rized requests are processed, and its enforcement of security policies helps to prevent

malicious attacks and unauthorized access to protected resources.

5.4.2 Importance of Implementing an Authorization Server

Implementing an authorization server in our custom LTI 1.3 tool is essential for ensuring

secure access to protected resources and enabling seamless integration with other LTI

Advantage services. By implementing an authorization server, we can prevent unautho-

rized access to our tool and ensure that only authenticated users have access to protected

resources.

Furthermore, an authorization server enhances the functionality of our tool by en-

abling us to seamlessly integrate with other LTI Advantage services. This integration

allows us to retrieve user information, grades, and other relevant data from the LMS,

which can be used to enhance the user experience and provide personalized content to

users.

Another advantage of implementing an authorization server is that it allows us to

implement access control policies for our tool. This enables us to restrict access to certain
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resources based on user roles and permissions, which can enhance the security of our tool

and prevent unauthorized access.

Overall, implementing an authorization server is crucial for ensuring the security and

functionality of our custom LTI 1.3 tool. It enables us to securely manage access to pro-

tected resources, integrate seamlessly with other LTI Advantage services, and implement

access control policies to prevent unauthorized access.

5.4.3 Technical Architecture Overview

The technical architecture of our authorization server is built using Spring Boot, which

provides a robust and scalable framework for handling authentication requests. When a

request is made to the OAuth endpoint, a Spring Boot filter is triggered to verify if it is a

valid OAuth request. [26]

The authorization server interacts with the learning platform to handle the LTI launch

and generate an access token. The learning platform sends the necessary information to

launch an auth request, including a client ID, scope, redirect URI, and other parameters.

After the request is validated, a token is generated for the user.

The authorization server uses JWT tokens to share information, and that token is sent

as an HTTP request body. The server checks if a user who is trying to log in exists in

the system and validates the OAuth parameters to ensure the connection is secure. If the

request is valid, an access token is generated, and the user is logged in. We do not use

sessions, nor can a user refresh their token.

Once the user is logged in, the authorization server stores the access token to keep

track of the logged-in users. The access token is used to access protected resources on the

resource server. The authorization server handles the authentication flow and communi-

cates with the LMS to authorize access to the custom tool. It also uses the NRPS and AGS

services to retrieve user information and grades.

In summary, the authorization server component is crucial to the secure and efficient

operation of our custom LTI 1.3 tool. By implementing this component, we ensure that

our tool is compliant with LTI Advantage standards and can seamlessly integrate with

other LTI Advantage services.

5.4.4 Implementation Details

In this section, we’ll provide some more technical details about our authorization server

implementation.

Configuring the Learning Platform on the Tool To establish a secure connection be-

tween the learning platform and the authorization server, we need to configure a prop-

erties file on the authorization server that contains relevant information for establishing

the connection, such as the issuer URL and the client ID. Without this configuration, the

connection cannot be established.
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Once the connection is established, the learning platform sends a launch request to

an endpoint on the authorization server. This endpoint processes the request and verifies

whether the user is registered in the system. If the user is not registered, an account

is created for them. The learning platform can send the launch request protected with

OpenID Connect, or without it for testing purposes. In a production environment, we

always pass the request through the OpenID Connect filter before sending it to the launch

endpoint of the LTI.

Managing Access Tokens When a user contacts the LTI 1.3 endpoint on the autho-

rization server, a token is generated for that user. Currently, we do not support token

refreshing, so a new token is generated each time the user logs in. These tokens are stored

on both the authorization server and the learning platform to verify subsequent user

requests after the user has launched the tool.

Managing access tokens involves ensuring their security and integrity, as well as con-

trolling the user’s access to protected resources. To protect the token from unauthorized

access, it is encrypted before being stored on the server, and access to it is restricted to

authorized personnel. We also monitor access to the token and any suspicious activity

related to it.

RSA Keys In addition to configuring the properties file, another important step in

establishing a secure connection between the learning platform and the authorization

server is sharing a set of RSA keys. These keys are used to securely sign and verify JWTs,

which are used to transfer information between the two systems.

To share these keys securely, instead of sharing the public key directly, a separate API

is used to share the tool’s public keys with the learning platform. This approach is more

secure, as sharing the public key directly could potentially allow an attacker to intercept

the key and use it to forge JWTs.

Once the launch request is received by the authorization server, it processes the re-

quest and validates the OAuth parameters to ensure a secure connection. If the request

is valid, the authorization server generates a JWT access token that contains information

about the user and their permissions. This token is sent as an HTTP request body to the

resource server to access protected resources.

LTI Advantage Features The authorization server also supports LTI Advantage services

such as the NRPS (Names and Role Provisioning Service) and AGS (Assignments and

Grades Service). When a user launches the tool, the authorization server communicates

with these services to retrieve the necessary user information and grades. This informa-

tion is then used to populate the user’s profile within the tool.

The authentication flow for LTI Advantage services is handled by the authorization

server, which authorizes access to the custom tool and stores access tokens to keep track

of logged-in users. As mentioned earlier, we do not currently support refreshing of tokens,
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so a new token is generated each time the user logs in. These tokens are stored on both

the authorization server and the learning platform to verify subsequent user requests

after the user has launched the tool.

5.4.5 Testing and Debugging

In this section, we’ll provide an overview of the testing process and techniques used

to ensure the authorization server works as intended. We’ll also discuss any challenges

encountered during testing and how they were addressed. Additionally, we’ll describe

the debugging process and tools used to identify and resolve any issues that arose.

5.4.5.1 Testing Process

To ensure that our authorization server was functioning properly, we employed various

testing techniques. Firstly, we used JUnit, a unit testing framework, on the Spring Boot

application. We wrote test cases to cover all the possible scenarios of the authorization

process, including cases where the request is invalid or has missing parameters. This

helped us catch any errors and ensure that the authorization server was working as in-

tended.

In addition to unit testing, we also did a lot of manual testing using the reference

implementation platform provided by IMS Global and Postman for some of the requests.

We used Postman to test the actual requests and responses of the authorization server and

checked if they met the LTI 1.3 protocol specifications.

5.4.5.2 Debugging Process

During development and testing, we encountered several issues and bugs in the authoriza-

tion server. To identify and resolve these issues, we used IntelliJ IDEA, a Java integrated

development environment (IDE), and various Java tools. We used IntelliJ’s built-in de-

bugger to step through the code and find any logical errors.

We also used Chrome DevTools to inspect network traffic and identify any issues with

the request and response messages. This was particularly helpful in identifying issues

with the JWT token and validating the signature.

5.4.5.3 Challenges Faced

One of the challenges we faced during the implementation of the authorization server

was the use of an open-source library to implement some of the LTI functions and re-

quirements. This required us to learn the library and adapt it to the specific requirements

of our project. It took some time to fully understand the library and make the necessary

modifications to integrate it with our project.

Another challenge we faced was ensuring that the authorization server met the se-

curity requirements of the LTI 1.3 protocol. We had to ensure that the JWT token was
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properly signed and validated and that the authorization server was secure against attacks

such as replay attacks.

Overall, by using a combination of testing techniques and debugging tools, we were

able to ensure that the authorization server was functioning properly and met the require-

ments of the LTI 1.3 protocol.

5.4.6 Interactions with Other Components

In this section, we’ll provide examples of interactions between the authorization server

and other components of the system.

5.4.6.1 Authentication Requests

When a user logs in to the learning platform and launches the tool, a secure connection

is established with OAuth 2.0. The platform then sends a request to the authorization

server, asking for an access token to access private resources on the resource server. The

authorization server checks the information sent in the request and verifies that the user

is registered with the tool. If the user isn’t registered, the tool registers them and creates

an access token with the proper scopes. The authorization server then returns the access

token to the learning platform, which can use it to access the resource server.

5.4.6.2 Communication with the LMS

The authorization server and learning management system (LMS) communicate through

HTTP requests. The authorization server has a public endpoint that the LMS has knowl-

edge of beforehand. When a user wants access to the tool, the LMS sends a request to that

endpoint, triggering the OAuth 2.0 authentication flow described in the previous section.

Once the user is authenticated, the authorization server sends an access token to the LMS,

which can then use it to access the custom tool.

5.4.6.3 Retrieving User Information and Grades

The authorization server interacts with the Names and Role Provisioning Service (NRPS)

and the Assignments and Grades Service (AGS) to retrieve user information and grades.

When a user launches the tool, the authorization server sends a request to the NRPS

to retrieve the user’s name and role in the system. This information is then used to

create a user profile in the tool. When a user completes an assignment in the tool, the

authorization server sends the grade to the AGS, which then updates the grade in the

LMS.

5.4.6.4 Common Scenario

A common scenario involves a student logs into the LMS and launches the logic exercise

tool. The LMS sends a request to the authorization server asking for an access token to
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access the logic exercise tool on the resource server. The authorization server checks the

information sent in the request and verifies that the student is registered for the logic

exercise tool. If the student is not registered, the tool registers the student and creates an

access token with the proper scopes and returns it to the LMS.

Once the student has an access token, they can start working on the logic exercise. The

exercise involves transforming a natural language statement into a propositional logic

expression. The student inputs their answer into the logic exercise tool and submits it to

the resource server. The resource server stores the submission and runs it through the

equivalence verifier tool to ensure that the answer is logically equivalent to the provided

natural language statement. If the submission is correct, the resource server stores the

student’s score and updates the LMS with the new grade. If the submission is incorrect,

the resource server provides feedback to the student and allows them to resubmit their

answer.

Throughout this process, the authorization server and the resource server communi-

cate with each other to ensure that the student has the proper access to the logic exercise

tool and that their submission is properly handled and stored.

5.5 Web Client - Implementation

The web client plays a central role in the custom logic tool, serving as the user-facing

interface for students to complete propositional logic exercises. As such, it provides a

range of functionality, including exercise visualization, submission tools, and integration

with learning platforms. To provide a comprehensive understanding of the web client’s

implementation, this section will explore its functionality overview (5.5.2), technical

architecture overview (5.5.3), implementation details (5.5.4), testing and debugging

(5.5.5), and security considerations during development.

Firstly, we will provide an overview of the role of the web client in the custom logic

tool, discussing how it supports student learning and the LTI 1.3 standard for seamless in-

tegration. Then, we will outline the web client’s functionality, including its visualization

tools and submission mechanisms. Next, we will delve into the technical architecture of

the web client, exploring the tools and technologies used to build and run it. Following

this, we will discuss implementation details, including design patterns and code organi-

zation. Additionally, we will outline security considerations that were taken into account

during the development of the web client. Finally, we will explore the testing and debug-

ging techniques used during development, including manual and automated testing, as

well as debugging techniques such as logging, breakpoints, and remote debugging.
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5.5.1 Role of the Web Client

The web client/application plays a critical role in the custom logic tool, serving as the

front-end for students and teachers. Its main purpose is to provide a user-friendly in-

terface that enables students to view, complete, and submit propositional logic exercises.

Teachers, on the other hand, can use the web client to add new exercises to the application

and perform administrative tasks through restricted APIs.

In addition to its primary role, the web client also offers several additional features

that can benefit both students and teachers. For instance, teachers can use the web client

to view student analytics and identify areas where students tend to struggle more often.

This information can help teachers focus on those areas and provide additional support

and resources to help students improve their skills. Furthermore, the web client can

also be used as a standalone app, allowing users to practice propositional logic exercises

outside of the classroom or learning management system.

This flexibility enables students to improve their understanding and problem-solving

skills at their own pace and on their own time. Overall, the role of the web client is

to provide a convenient and intuitive interface for users to interact with the custom

logic tool, and to enable integration with various learning platforms through the LTI 1.3

standard. This allows for efficient and effective teaching and learning of propositional

logic, enhancing students’ understanding and problem-solving abilities in this important

field of study.

5.5.2 Functionality Overview

The web client is the user-facing interface of the custom logic tool, providing students and

teachers with a range of functionality to support learning and teaching of propositional

logic. Here are the key features of the web client:

5.5.2.1 Exercise Viewing and Completion

Students can access a variety of propositional logic exercises through the web client, which

are displayed in a user-friendly interface. The exercises are organized into categories and

difficulty levels, allowing students to choose exercises that match their level of expertise.

Students can complete the exercises directly in the web client, and their progress is

tracked and recorded automatically.

5.5.2.2 Exercise Submission and Feedback

Once a student has completed an exercise, they can submit it for evaluation. The custom

logic tool uses automated grading algorithms to assess the student’s work and provide

feedback on their performance. The feedback is presented to the student in a clear and

concise manner, highlighting areas where they can improve their understanding and

problem-solving skills.
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5.5.2.3 Exercise Creation and Management

Teachers can create new exercises for the custom logic tool through the web client, using

a simple and intuitive interface. They can specify the exercise type, difficulty level,

and other relevant details, and can also preview the exercise to ensure that it meets

their expectations. Teachers can also manage existing exercises through the web client,

modifying or deleting them as needed.

5.5.2.4 Student Analytics

The web client offers analytics features that allow teachers to track student progress

and identify areas where they may be struggling. Teachers can view detailed reports on

student performance, including the number of exercises completed, the time taken to

complete them, and the accuracy of their responses. This information can be used to

tailor teaching approaches and resources to meet the needs of individual students.

5.5.2.5 Standalone Use

The web client can also be used as a standalone app, allowing students to practice propo-

sitional logic exercises outside of the classroom or learning management system. This

flexibility enables students to improve their understanding and problem-solving skills at

their own pace and on their own time.

In conclusion, the web client provides a range of functionality that supports efficient

and effective learning and teaching of propositional logic. With its intuitive interface,

automated grading, exercise creation and management features, and analytics capabilities,

the web client is a valuable tool for enhancing students’ understanding and problem-

solving abilities in this important field of study.

5.5.3 Technical Architecture Overview

The technical architecture of the web client plays a crucial role in ensuring the custom

logic tool is reliable, efficient, and user-friendly. In this section, we will discuss the

technical architecture overview of the web client in more detail.

As mentioned earlier, the web client is built using the Next.js framework, which is an

open-source React framework that provides a powerful set of features for server-rendered

React applications. One of the key advantages of using Next.js is that it allows for efficient

server-side rendering, which can improve the performance and user experience of the

application. Server-side rendering ensures that the initial page load is faster, as the server

sends a fully rendered HTML page to the client instead of sending an empty HTML file

with JavaScript to be rendered on the client-side.

Another advantage of using Next.js is its built-in support for automatic code splitting

and prefetching. This means that the framework automatically splits the application code

into smaller, more manageable chunks that are loaded only when needed, reducing the

82



5.5. WEB CLIENT - IMPLEMENTATION

initial load time and improving the overall performance of the application. Additionally,

Next.js can automatically prefetch page data and assets that are likely to be used in the

future, reducing the time needed to load subsequent pages.

The use of TypeScript provides an additional layer of safety and code quality. Type-

Script is a superset of JavaScript that adds static typing, making it easier to catch errors

and ensure that the code is correct. By using TypeScript, the development team can write

safer, more maintainable code that is less prone to bugs and errors.

In summary, the technical architecture of the web client/application was carefully de-

signed and implemented to ensure optimal performance, reliability, and user-friendliness.

The use of Next.js provides a powerful set of features that improve the performance and

user experience of the application, while TypeScript adds an additional layer of safety

and code quality. The use of Chrome DevTools ensures that the application is thoroughly

tested and debugged, providing a robust and reliable tool for teaching and learning propo-

sitional logic.

5.5.4 Implementation Details

Developing web applications involves several challenges, including user authentication

and handling JSON Web Tokens (JWT). While using JWT to authenticate and authorize

users is secure, managing the token on the client-side can be challenging, especially

in applications with multiple components that require authentication. In our platform,

we used React Contexts to manage the authentication state across components, which

allowed us to share data across components without having to pass props down the

component tree.

JSON Web Tokens JSON Web Tokens (JWT) are a way of securely transmitting informa-

tion between parties as a JSON object. They are commonly used for authentication and

authorization purposes in web applications. A JWT consists of three parts: a header, a

payload, and a signature. The header contains information about the type of token and

the algorithm used for signing it. The payload contains information about the user or

entity that the token represents. The signature is created by combining the header and

payload, and then using a secret key to generate a unique hash. When a user logs in, the

server generates a JWT containing the user’s information and signs it with a secret key.

The JWT is then sent to the client, which stores it and sends it back to the server with

subsequent requests to access protected resources. The server verifies the signature and

the contents of the token to determine if the user is authorized to access the requested

resource.

Another challenge with using JWTs for authentication is that the token has an expi-

ration time. To handle this, we implemented a refresh token mechanism that generated

a new JWT token when the current token was about to expire, ensuring that the user

remains authenticated without having to log in again.
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Representing Logical Expressions and Truth-Tables The challenge of representing

and inputting logical formulas on the platform required the team to consider several

approaches before arriving at the optimal solution. Initially, logic expressions were repre-

sented with their usual symbols, and students inputted formulas through a component in

the web client that had the logic symbols and propositional variables. However, this ap-

proach generated some problems, and we decided to use the "keyboard representation"for

logic expressions throughout the platform. This approach made it easier for students to

input formulas.

Representing truth tables visually on a web client can be a challenging task, espe-

cially when dealing with complex propositional formulas. One of the main difficulties

is generating and organizing the data structure in a way that can be easily displayed on

the client side. In addition, ensuring that the truth table is generated correctly and that

it accurately represents the logical expression can also be a challenge. To overcome these

difficulties, we used tables to represent the data structure returned by the back-end server.

This allowed them to display the truth table in a clear and organized way, making it easier

for users to understand and interpret the logical expression.

In addition to the challenges of generating and organizing truth tables, providing

interactive functionality for students to fill in incomplete tables added another layer of

difficulty to the web client implementation. This required careful consideration of user

experience and interface design to ensure that students could easily interact with the

table and input values. One approach we used was to incorporate interactive elements

like input fields to allow students to enter missing values.

Overall, the implementation of the web client involved addressing several challenges,

from representing and inputting logical formulas to optimizing performance. Through

the use of appropriate technologies and careful planning, we were able to overcome these

challenges and create a platform that provides a useful tool for teaching and learning

logic.

5.5.5 Testing and Debugging

The web client was thoroughly tested to ensure that it meets all functional and non-

functional requirements.

5.5.5.1 Testing

To test the functionality of the web client, we performed manual testing during the de-

velopment stages. This involved testing all the features available to both students and

teachers to ensure that they worked as expected. As the majority of the processing was

done on the back-end, we mainly focused on testing the integration between the web

client and the RESTful API. We verified that all requests made to the server returned the

expected response and that the HTTP status codes were correct.
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One of the issues we faced during the testing phase was related to Cross-Origin Re-

source Sharing (CORS). As the RESTful API was located on a different server, we en-

countered problems with CORS when performing delete and update methods that were

restricted on the server-side. To resolve this issue, we set up a CORS filter on the Spring

Boot back-end server to allow CORS requests to the server. This required a bit of research,

but it was not a difficult task.

5.5.5.2 Debugging

Despite our efforts to prevent bugs, some issues still arose during the testing phase. To

address these issues, we used various debugging techniques.

One technique we used was logging. We added logging statements throughout the

code-base to track the execution flow and identify any unexpected behavior. We also used

browser developer tools to inspect the network traffic and view console logs.

Another debugging technique we used was breakpoints. By placing breakpoints in

the code, we were able to pause the execution at specific points and inspect the program’s

state. This helped us identify any variables that were incorrectly set or any unexpected

behavior.

By using these debugging techniques, we were able to identify and fix bugs quickly,

ensuring that the web client was reliable and free of errors.

5.6 Learning Platform - IMSGlobal Reference Implementation

In this section, we have explored the integration process of our custom tool with the

learning platform using LTI 1.3. In Subsection 5.6.1, we provided an overview of the

learning platform and its basic functionalities. In Subsection 5.6.2, we described the LTI

1.3 integration process and the necessary steps involved in configuring our tool with the

platform. We discussed the challenges and solutions that can arise during the integration

process in Subsection 5.6.3, such as configuration mistakes and authentication issues.

Finally, in Subsection 5.6.4, we explored the implementation of our custom tool with

other learning platforms beyond the reference implementation and discussed how the

integration process may vary depending on the platform. By following the guidelines and

solutions provided in this chapter, we can ensure a successful integration of our custom

tool with any LTI 1.3-compliant learning platform.

5.6.1 Overview of the Learning Platform

The IMS Global Learning Consortium promotes open standards for learning technology,

including the Learning Tools Interoperability (LTI) standard. LTI 1.3 is the latest version

of the standard, offering improved security and streamlined integration with learning

platforms. [ims_global]
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For our custom tool, we used the IMS Global Reference Implementation as our test-

ing and integration platform. The IMS Global Reference Implementation is an open-

source implementation of the LTI 1.3 standard, designed to help developers test their

LTI-compatible tools and ensure they are compliant with the latest version of the stan-

dard.

The Reference Implementation provides a comprehensive testing suite for LTI 1.3,

allowing developers to test their tools against a range of scenarios and use cases. This

includes testing for features such as resource linking, grade pass back, and content item

message launching. The testing suite is also designed to help developers troubleshoot

any issues they encounter during the integration process. [17]

Integrating our custom tool with the IMS Global Reference Implementation was a rel-

atively straightforward process, thanks to the comprehensive documentation and testing

tools provided by the Reference Implementation. We were able to quickly configure our

tool to work with the Reference Implementation and run a series of tests to ensure that

our tool was fully compatible with LTI 1.3.

Using the IMS Global Reference Implementation as our integration platform provided

a number of benefits for our development process. Firstly, it allowed us to ensure that

our tool was fully compliant with the latest version of the LTI standard, providing a high

level of interoperability and compatibility with a wide range of learning management

systems and platforms. Additionally, it allowed us to test our tool against a variety of use

cases and scenarios, helping us to identify and resolve any issues before deploying our

tool to production.

Although the IMS Global Reference Implementation offers comprehensive documenta-

tion and testing tools for integrating custom external tools, the integration of our custom

tool with the learning platform was not without its challenges.

5.6.2 LTI 1.3 Integration Process

In this section, we will explore the process of integrating a custom external tool with the

IMS Global Reference Implementation learning platform using the Learning Tools Inter-

operability (LTI) 1.3 standard. We will begin by discussing the creation of the learning

platform and how to register the custom tool as an LTI 1.3 tool with the platform. Next,

we will cover the configuration process, including the necessary steps to configure the

tool with the platform and enable advanced features. Finally, we will discuss the testing

process and the steps we took to ensure the full compatibility of our tool with LTI 1.3 and

the IMS Global Reference Implementation learning platform.

5.6.2.1 Creating the Learning Platform

To create a learning platform on the IMS Global Reference Implementation website, we

first need to go to the IMS Global website (https://lti-ri.imsglobal.org/) and navigate to

the Platforms section to begin the process. Upon starting the creation process, we are
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presented with a form that we need to fill out with the necessary configurations for the

process to be complete. The form is shown in Figure 5.5.

Figure 5.5: IMS Global Reference Implementation LP Creation Form

The parameters that need to be configured are as follows:

• Platform Name: This is the name of the learning platform that we are creating. It

should be a unique name that identifies our platform.

• Client ID: This is the unique identifier that is assigned to our platform by the IMS

Global Reference Implementation. We will use this ID later when we register our

custom tool.

• Audience: This is the URL of the learning platform that we are creating. It should

be a publicly accessible URL where our platform can be accessed.

• Deep Linking Endpoint: This is the URL of the deep linking endpoint for our

learning platform. This endpoint is used for launching our custom tool from within

the learning platform.

• Public Key: This is the public key that is used for securing communications between

our custom tool and the learning platform. We will generate a set of RSA keys later

in the process.

• Private Key: This is the private key that is used for securing communications be-

tween our custom tool and the learning platform. We will generate a set of RSA

keys later in the process.

After filling out all the necessary configurations in the form, we can submit it, and

the learning platform is created. We then need to generate a set of RSA keys that will be

used for communication between our custom tool and the learning platform.
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5.6.2.2 Registering the Tool

Integrating a custom external tool with the IMS Global Reference Implementation Learn-

ing Platform involves a few key steps. First, we needed to register the custom tool as an

LTI 1.3 tool with the learning platform. This process involved creating a new tool in the

learning platform, which generates a client ID and secret key for the tool.

Once the custom tool was registered, we needed to obtain the necessary credentials

from the learning platform to enable communication between the custom tool and the

learning platform. Specifically, we needed to obtain the platform public key and our own

private key, which would be used for authentication during the LTI launch process.

With the necessary credentials in hand, we were able to implement the LTI 1.3 au-

thentication and launch processes for our custom tool. This involved configuring our tool

to send an LTI launch request to the learning platform, including the necessary authenti-

cation information. The learning platform then responded with an LTI launch response,

which provided our tool with the necessary context and resources to integrate with the

platform.

Overall, the integration process was facilitated by the comprehensive documentation

and testing tools provided by the IMS Global Reference Implementation. While there

were some challenges in configuring our custom tool to work with the platform, the

process was ultimately successful and allowed us to seamlessly integrate our tool with

the learning platform. [17]

5.6.2.3 Configuring the Tool

After registering the custom tool with the platform, the next step is to configure the tool to

work with the LTI 1.3 authentication and launch processes. This involves configuring the

tool’s launch URL and implementing the necessary launch protocol, as well as registering

the tool’s capabilities with the platform.

To configure the tool’s launch URL, we need to provide a publicly accessible endpoint

that can receive and process LTI launch requests. This endpoint should be configured to

receive and handle LTI 1.3 requests specifically, as the protocol has been updated from

previous versions.

Next, we need to implement the LTI 1.3 launch protocol, which involves verifying the

JWT token received from the platform and extracting the necessary information from it

to initialize the tool for the user. This process includes verifying the signature of the JWT

token, checking the issuer, audience, and expiration, and extracting the necessary context

and user information from the claims.

Finally, we need to register the tool’s capabilities with the platform, which involves

providing metadata about the tool’s functionality and supported capabilities. This meta-

data should be provided in the form of a JSON Web Token (JWT), which includes infor-

mation about the tool’s name, description, version, and supported capabilities.
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Once these steps are completed, the custom tool should be fully integrated with the

learning platform and able to launch seamlessly within the platform’s interface. In figure

5.6 we show how we configure the LMS on our tool.

Figure 5.6: Configuration of the LMS on our tool

5.6.2.4 Configuring Advantage Features

Once the custom tool is registered with the learning platform, there are several Advantage

features that can be configured to enhance the user experience. Advantage features

include additional functionality such as roster syncing, content-item message support,

and deep linking enhancements [ims_advantage].

To enable Advantage features, the custom tool needs to be authorized to access the

specific features by the platform administrator. This is typically done through the plat-

form’s Admin panel, where the administrator can manage Advantage feature settings for

each registered tool.

One key Advantage feature is roster syncing, which allows for automatic updating of

user rosters between the learning platform and the custom tool. This feature can save

time and effort for instructors and administrators who would otherwise have to manually

manage roster information.

Another useful Advantage feature is content-item message support, which allows for

the exchange of content between the learning platform and the custom tool. This feature

enables instructors to seamlessly embed custom tool content within the learning platform,

providing a more integrated learning experience.

In addition, there are deep linking enhancements that can be configured to provide a

smoother user experience when navigating between the learning platform and the custom

tool. For example, a custom tool can be configured to provide a direct link to specific

sections of the tool when launched from the learning platform.

5.6.2.5 Testing the Integration

Once the custom tool has been registered and configured to work with the IMS Global

Reference Implementation, the next step is to test the integration with the learning plat-

form. This is an important step to ensure that the custom tool can communicate with
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the platform using the LTI 1.3 standard and that the authentication and launch processes

work as expected.

The IMS Global provides a suite of testing tools called the LTI Advantage Test Suite,

which includes a set of test cases for LTI 1.3 compliance. This suite of tests can be used

to verify that the custom tool meets the requirements of the LTI 1.3 standard and that it

integrates correctly with the learning platform.

To run the LTI Advantage Test Suite, the custom tool needs to be deployed to a server

and configured to communicate with the learning platform using the LTI 1.3 standard.

The test suite can then be accessed through a web browser, and the custom tool can be

tested against the suite of test cases.

It is recommended to run the full suite of tests to ensure that the custom tool meets

all the requirements of the LTI 1.3 standard. However, it is also possible to run specific

tests or groups of tests to focus on particular areas of functionality.

During the testing process, any issues or errors that are discovered should be ad-

dressed and fixed. Once all the tests have passed, the custom tool can be considered fully

compliant with the LTI 1.3 standard and ready for deployment to production.

5.6.3 Challenges Faced and Solutions

During the integration process of our custom tool with LTI 1.3, several challenges were

encountered that required specific solutions. One of the initial challenges was configuring

the tool correctly to work with the platform. This included setting the launch URL, client

ID, and client secret. Careful attention to detail was required to avoid errors in the

configuration, which could result in failed connections or incorrect data being passed

between the tool and platform.

Another significant challenge was handling user authentication and authorization for

our tool. This involved configuring the authorization server and ensuring that the tool

could handle the information passed through the LTI launch. Incorrect implementation

of user authentication and authorization could lead to unauthorized access to resources

or user data.

Thorough testing was also necessary to ensure that our tool was fully compatible with

LTI 1.3. This included testing different user roles, testing data exchange, and testing

security measures to ensure that the integration was working correctly. Utilizing LTI

1.3-compliant tools and platforms, as well as testing tools like the LTI Advantage Test

Tool, helped to mitigate these challenges and ensure successful integration.

By addressing these challenges and finding appropriate solutions, our custom tool

was successfully integrated with LTI 1.3 and can now be used with any learning platform

that supports the standard.
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5.6.4 Implementing with other Learning Platforms

Integrating a custom external tool with a learning platform can be a complex process, but

fortunately, if the platform supports LTI 1.3, the integration can be straightforward [24].

In this section, we will explore how to implement our custom tool on a different learning

platform, Moodle [moodle].

Moodle is an open-source learning management system used by educational insti-

tutions worldwide [moodle]. Like other learning platforms, Moodle supports LTI 1.3,

which makes integrating our custom tool with Moodle possible [24].

To integrate our custom tool with Moodle, we first need to create a new LTI 1.3 tool

on the platform [24]. This process is similar to the one we followed with the IMS Global

Reference Implementation. We need to fill in the configuration form with the necessary

information, such as the tool name, launch URL, public and private keys, and so on. Once

we have created the tool, we can obtain the necessary credentials, including the client ID

and client secret.

After obtaining the credentials, we can configure our custom tool to work with Moodle

[24]. This involves setting up the necessary parameters in our tool’s configuration file,

such as the launch URL, public and private keys, client ID, and client secret.

We also need to configure the tool settings in Moodle to ensure that the tool is enabled

and visible to users. This includes specifying the launch URL, setting the tool’s visibility,

and defining any additional configurations required by the tool [moodle].

Once we have configured the tool, we can test the integration by launching the tool

from within Moodle. We can also run a series of tests to ensure that our tool is fully

compatible with Moodle and that all features are working as expected [24].

Overall, the process of integrating our custom tool with Moodle is very similar to the

one we followed with the IMS Global Reference Implementation. While there may be

some platform-specific configurations, the underlying principles remain the same. With

a solid understanding of LTI 1.3 and some technical know-how, we can easily integrate

our custom tool with any learning platform that supports the standard.
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User Stories

In this chapter, we will present several user stories to demonstrate the functionality of

our custom logic tool. Each user story will describe a specific use case and how the tool

is utilized to solve a particular problem. All the images shown in this section, are taken

from our platform.

6.1 Student Login and Practice Exercises

Description As a student, I want to log in to the Learning Logic Tool to practice solving

propositional logic exercises so that I can improve my understanding of propositional

logical and receive feedback on my performance.

Implementation To access the Learning Logic Tool, students can either select the ap-

propriate LTI link from their preferred learning management system (LMS) or connect

directly to the tool and log in for practice. Upon reaching the login page, students are

prompted to enter their authentication credentials, which can be either their LMS or

platform credentials, before being granted access to the tool.

Figure 6.1: Login Page of the tool
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Once logged in, students can access a variety of propositional logic exercises. As

described in previous chapters, the exercises available on the Learning Logic Tool include

filling in blank truth tables and transforming natural language sentences into logical

expressions. Additional exercise types may be added in the future.

Figure 6.2: Selecting a type of exercise

Upon submitting their answers, students will receive immediate feedback on their

performance for each exercise. This feedback will include information on which questions

were answered correctly and incorrectly.

Figure 6.3: Example of instant feedback and grading

There are no analytical tools or progress trackers available on the platform to assist

students in gaining a better understanding of the material. However, students can still

view their submission history to identify areas where they may need additional practice.

6.2 Creating New Exercises and Scenarios

Description As an instructor, I want to be able to create new exercises and scenarios

within the logic tool platform. These new exercises and scenarios should allow my stu-

dents to practice solving more complex logic problems, and should also provide me with

the ability to track their progress and provide feedback.

Implementation The Learning Logic Tool offers instructors the option to create new

exercises and scenarios. In order to do so, instructors can authenticate with their creden-

tials and access the "Instructor Area"section of the platform. The "Instructor Area"can be

seen in figure 6.4.
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Figure 6.4: Instructor Area to add new exercises

Within this section, they can create new exercises and scenarios individually by enter-

ing an "Exercise Code"which follows a specific format that instructors must be aware of

beforehand. Moreover, instructors can choose to upload a text file with a list of "Exercise

Codes"to the tool, thus adding multiple exercises and scenarios to the platform at once.

Figure 6.5: Example of the text file with multiple Exercise Codes

Once the exercise or scenario has been created, it is added to the platform’s database,

and is immediately available for students to access and attempt.

Instructors can check their students submissions on the exercises and scenarios they

created by using the "Submissions"service on the platform. This service provides in-

structors with access to detailed information on each student’s performance, such as the

number of attempts and percentage of correct answers on each exercise or scenario. In
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the future, we plan to implement a more robust analytics system to provide instructors

with even better insights into their students performance.

6.3 Importing and Exporting Content

Description As an instructor, I want to be able to import and export logic exercises and

scenarios in the logic tool platform so that I can share them with other instructors or use

them in other learning platforms.

6.3.1 Implementation

Instructors can access the import functionality by logging in to the tool and navigating

to the "Instructor Area"section. From there, they can select the Import option and choose

to import exercises and scenarios.

To import exercises and scenarios, instructors can upload a file containing the exercise

codes in the specified format. The tool will then add the exercises and scenarios to the

system.

However, the export functionality is not currently available in the Learning Logic

Tool. In future iterations of the application, we intend to add this functionality, allowing

instructors to share their exercises and scenarios with other instructors.

6.4 User Account and Permission Management

Description As an administrator, I need to be able to manage user accounts and per-

missions in the Logic Tool platform. This includes creating, modifying, and deleting user

accounts, as well as assigning and revoking permissions.

Implementation The Learning Logic Tool provides an "Administrator Area"section that

is accessible only by administrators. From this section, administrators can manage user

accounts by creating new accounts, modifying existing accounts, or deleting accounts

as needed. Administrators can also assign permissions to individual accounts, such as

granting or revoking access to specific exercises or scenarios, or granting or revoking ad-

ministrative privileges. Additionally, administrators can monitor user activity and track

any suspicious behavior to ensure the security and integrity of the data. The platform

also provides a robust authentication system to protect against unauthorized access.

6.5 Creating Quizzes with the Logic Tool Platform

Description As an instructor, I want to be able to create quizzes in my learning man-

agement system using the exercises from the Learning Logic Tool, so that I can assess my

students understanding of propositional logic concepts.
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Implementation To create quizzes in their learning management system (LMS) using

exercises from the Learning Logic Tool, instructors can select the relevant exercises from

the tool and add them to the quiz in their LMS. Alternatively, instructors can create

quizzes directly on the Learning Logic Tool and then link them to their LMS. This pro-

vides instructors with greater flexibility in assessing their students’ understanding of

propositional logic concepts.

Once the quizzes have been created and deployed in the LMS, students can access

them and complete them in the same way they would complete any other quiz in the LMS.

Instructors can view and grade the quizzes in the LMS as well, allowing them to assess

their students.

96



7

Conclusion and Future Work

In this chapter, we will first summarize the main contributions of our dissertation, includ-

ing the development of the Learning Logic Tool and its integration with the LMS using

the LTI 1.3 standard. We will then discuss the future work and improvements that we

plan to implement for the tool. As we continue to refine and enhance its capabilities, we

aim to add more exercises, improve the user interface, fully integrate with Moodle, and

enhance exercise feedback. We believe that these improvements will make the Learning

Logic Tool even more useful and valuable for both educators and learners.

7.1 Conclusion

In this dissertation, we have presented a custom learning tool that offers logic-based exer-

cises to students, allowing them to apply their practical knowledge of logic and problem-

solving skills. By working on these exercises, students can enhance their understanding

of the underlying concepts of logic and gain valuable experience in applying them. These

exercises are designed to challenge students to think logically and systematically about

problems, helping them to develop their analytical skills and prepare them for future

challenges.

We have also discussed the various features and improvements that have been imple-

mented in the tool. These include support for different types of exercises, improvements

to the user interface, and integration with the IMSGlobal reference implementation.

Furthermore, we have outlined future works and improvements that can be made to

the tool. These include improving the feedback provided to students and fully integrating

the tool with popular learning management systems like Moodle.

Although there were some challenges in the implementation process, we are proud

of the work we have done on this custom learning tool. As mentioned earlier, there

were some requirements in the planning phase that were not fully implemented, and

we had to make some changes to the project. Specifically, we were not able to integrate

the platform with Moodle, which we had hoped to do to enable all the features of the

application. Instead, we integrated with the IMSGlobal reference implementation, which
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has similar functionality. While we would have preferred to integrate with Moodle, we

are still pleased with the final product and believe that it has the potential to be a valuable

addition to learning platforms and educational resources.

Our custom tool has the potential to be a valuable addition to learning platforms and

educational resources, providing students and educators with a more engaging and effec-

tive learning experience. By continually improving and expanding the tool’s capabilities,

we can help students develop a deeper understanding of the underlying concepts of Logic,

problem-solving skills, and critical thinking.

We recognize that there is still a lot of room for improvement, and we plan to continue

to develop and expand the tool’s capabilities. We also acknowledge the importance of

collaboration with educators in the field of logic to ensure that our tool is meeting the

needs of students and educators alike.

In addition, this dissertation aims to contribute to the field of education technology

by addressing the problem and objectives outlined in Section 1.2. Through this work, we

have achieved several contributions:

Firstly, we have developed an online platform with a wide range of model Logic

exercises that offer immediate feedback to students. This platform has been designed

to be a valuable tool for learners to practice and improve their understanding of Logic,

particularly in a university setting like the University of Nova Lisbon. By providing

students with instant feedback, we believe that this platform can help students develop a

deeper understanding of the underlying concepts of Logic.

Secondly, we highlighted that we integrated the platform with a Learning Manage-

ment System to create a seamless and comprehensive learning experience. Although

the integration was not initially implemented as planned with Moodle due to techni-

cal limitations, we were able to integrate the platform with the IMS Global reference

implementation learning platform, which shares many similarities with Moodle. This

integration enabled instructors to conduct quizzes and assignments using the platform’s

exercises and grade students automatically, facilitating student-teacher communication

and providing instructors with valuable data to assess students’ progress. We believe

that this integration has enhanced the overall learning experience for students and in-

structors alike, by providing a comprehensive tool for practicing and improving their

understanding of Logic.

Lastly, we have provided a comprehensive guide on how to integrate external tools

with LMS using the LTI 1.3 standard. This guide can be used by other educators and

developers to create similar tools and platforms and promote more effective and efficient

teaching and learning. By sharing our knowledge and expertise, we hope to contribute to

the advancement of education technology and make it more accessible to educators and

learners worldwide.

In conclusion, our platform and its various features offer many benefits to both educa-

tors and learners, including increased efficiency, accessibility, and engagement. Through
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the use of LMS, educators can create a more personalized and interactive learning experi-

ence for their students, while learners can access course materials and collaborate with

peers more easily. Overall, Learning Logic is a valuable tool for modern education, and

its adoption can lead to more successful and rewarding learning outcomes.

7.2 Future Work

Although our custom tool provides a solid foundation for integrating exercises into learn-

ing platforms, there is still ample opportunity for improvement and expansion. In this

section, we will outline some of the future works and improvements that we plan to

implement.

7.2.1 Adding More Exercises

Our platform currently offers exercises related to propositional logic. However, we recog-

nize the importance of providing a wide range of topics and skills for students to practice.

Therefore, our primary goal is to expand the range of exercises available on our platform.

To achieve this, we plan to add new functionalities and complexity levels to the ex-

isting propositional logic exercises. This will allow students to progress from simpler to

more complex exercises, helping them master the concepts at their own pace. Addition-

ally, we plan to implement new propositional logic exercises that cover a broader range

of topics and types of exercises.

In addition to expanding our propositional logic exercises, we also plan to add support

for first-order logic exercises. This involves adding new grammars to our parser and

modifying existing ones to support the new topics. First-order logic is a powerful tool for

expressing complex ideas and reasoning, and we believe that adding it to our platform

will extend the range of knowledge our platform tests.

In conclusion, our platform aims to provide students with a comprehensive and en-

gaging tool to improve their logic skills. By expanding the range of exercises available on

our platform and adding support for first-order logic, we hope to provide students with

the opportunity to practice and master a wide range of logical concepts.

7.2.2 Improved User Interface

To further enhance the user experience, we plan to focus on improving the user interface

(UI) of our tool. We recognize that an intuitive and user-friendly interface is crucial in

encouraging users to engage with the tool and complete the exercises.

Our approach to enhancing the UI will involve several aspects, including improving

the navigation and layout of the tool. We aim to streamline the user flow to make it

easier for users to find and complete exercises. This includes reorganizing the menus and

categorizing the exercises based on topic and difficulty level.
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In addition to improving the navigation, we also plan to add more interactive elements

to make the exercises more engaging. We also plan to add more interactive elements, to

make the exercises more interactive and fun.

Overall, by improving the UI of our tool, we aim to provide a more engaging and

enjoyable learning experience for users. We believe that by making the tool more intuitive

and interactive, we can increase user engagement and improve the effectiveness of the

learning process.

7.2.3 Integration with Moodle

While we have successfully implemented our learning logic tool on the IMS Global refer-

ence implementation, our goal is to fully integrate our platform with Moodle, a widely

used learning management system in many educational institutions. This would allow

even more educators and students to easily access and benefit from our tool.

Moodle is an open-source learning platform used by millions of educators and stu-

dents worldwide. Integrating with Moodle would allow for a seamless experience for

users, making it easier for educators to incorporate our tool into their existing curricu-

lum. By expanding our integration options to include Moodle, we hope to reach a larger

audience and make our platform even more accessible and user-friendly.

Integrating with Moodle would also allow us to take advantage of its many features

and functionalities, such as grade-book integration and assignment submissions. Ad-

ditionally, Moodle’s active user community provides an opportunity for us to receive

feedback and suggestions on how to further improve our platform.

Overall, integrating with Moodle would be a significant step towards making our

learning logic tool more accessible and user-friendly.

7.2.4 Improving Exercise Feedback

In addition to the planned improvements mentioned above, we also aim to enhance the

feedback provided to students when they complete an exercise. Effective feedback is a

critical element of the learning process, as it allows students to identify areas where they

need to improve and make better progress towards their learning goals.

Currently, our tool provides basic feedback, such as whether an answer is correct

or incorrect. However, we plan to improve this feedback by providing more detailed

explanations and guidance. For example, we could provide hints and tips to help students

understand why their answer was incorrect and how they can improve it. We could also

provide more detailed feedback on the steps taken to arrive at the correct answer, helping

students learn from their mistakes and reinforcing their understanding of the concepts.

To achieve these improvements, we will need to develop new algorithms and modify

existing ones to analyze student responses and provide appropriate feedback. This will

require close collaboration with educators and experts in the field of logic to ensure that

our feedback is accurate and helpful.
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In conclusion, improving exercise feedback is a vital part of our platform’s develop-

ment. By providing more detailed explanations and guidance, we can help students learn

more effectively and efficiently.
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