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Résumé

Le traitement informatisé du langage et du texte (PNL) a confirmé la capacité

de cette approche à analyser des textes et à extraire des termes et des concepts de

base pour comprendre le message cognitif du texte. L’étude vise à identifier les

termes les plus importants et les relations sémantiques entre eux dans les

programmes éducatifs arabes et européens, et à utiliser la technique d’analyse

des réseaux de textes pour déterminer le niveau de présence de ces termes et la

nature des relations entre eux, avec la objectif d’extraire le message cognitif ciblé

de ces programmes. Dans cette étude, nous soulèverons les problèmes suivants

dans le domaine du traitement automatique des langues naturelles : Quels sont

les termes les plus importants qui habitent les programmes éducatifs arabes et

européens? Quelle est la nature des relations sémantiques entre eux? Par

conséquent, quels sont les concepts les plus importants qui y sont déposés ? Quel

est le message cognitif visé par ces programmes éducatifs ?

Mots clés : Traitement informatisé, texte, programme éducatif, terme, concept,

relation sémantique .



Abstract

Computerized language and text processing (NLP) has confirmed the ability of

this approach to analyze texts and extract basic terms and concepts to

understand the cognitive message of the text. The study aims to identify the

most important terms and the semantic relationships between them in Arab and

European educational programs, and to use the text network analysis technique

to determine the level of presence of these terms and the nature of the

relationships between them, with the aim of extracting the targeted cognitive

message from these programs. In this study, we will raise the following

problems within the field of automatic processing of natural languages : What

are the most important terms that inhabit Arab and European educational

programs? What is the nature of the semantic relationships between them?

Therefore, what are the most important concepts deposited in them? What is

the intended cognitive message of these educational programs?

key words : Computerized processing, text, educational program, term, concept,

semantic relationship.
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GENERAL INTRODUCTION

Computer processing and data analysis are among the most important technologies that

contribute to developing the field of education and improving the quality of educational pro-

grams. This memorandum deals with the study of applying computer processing to analyze the

network of concepts in educational programs, with a focus on making a comparison between

Arab and European programs. This research aims to understand how to use modern techno-

logies in the field of data analysis to improve the learning process and develop educational

curricula. The methods used in data processing and network analysis will be discussed.In addi-

tion to reviewing Arab and European educational programs and evaluating their effectiveness

and quality. This memorandum is an attempt to understand the challenges and opportunities

in applying computer processing in concept network analysis in the context of educational pro-

grams, with a focus on the differences and similarities between Arab and foreign programs and

the extent of their impact on the quality of education. We will follow the following structure

to achieve our goal :

chapitre 1 :Automated natural language processing and text mining :This chapter presents ge-

neral definitions of automated natural language processing and data mining for analyzing and

understanding human texts automatically.

chapitre 2 :Similar examples support the topic :In this chapter, we will discuss previous cases

or examples that support the topic we are addressing, enhancing our understanding of it.

chapitre 3 :Explaining the work and presenting the results :This chapter aims to explain the

work, present the results, comparisons, and conclusions that will be discussed in this study.

chapitre 4 :Environment and offices used for development :The work environment and utilized

offices are displayed, along with the various steps of code writing.



CHAPITRE 1

GENERAL DEFINITIONS OF AUTOMATED

NATURAL LANGUAGE PROCESSING AND

DATA MINING

1.1 Introduction

Attempts to link language with modern technological means have been the birthplace of

many linguistic technical branches, including computational linguistics, as well as automated

processing of natural languages, data mining, and linguistic engineering. This chapter aims

to provide a general overview of these fields and their importance in the world of modern

technology. Emphasis will be placed on understanding how computing can be used to analyze

and process human language automatically.

1.2 Definition of computational linguistics

The term "computational linguistics" is a combination of two words : "linguistics" and "com-

putational". The first is located in the field of humanities, and the second is located in the field

of computer science. This interaction indicates that the researcher is in this natural field of

knowledge Interdisciplinary study of language in its various aspects using computers. In other

words, the research is concerned with the study of language using computational knowledge,

with the need to represent natural language in a way that is flexible for application to compu-
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ters, as this requires the use of mathematical knowledge and symbols. Thus, the primary goal

of computing is to measure linguistic knowledge in human brains to guide how computers work

[18].

1.3 Topic Computational Linguistics

Computational linguistics is a branch of applied linguistic studies that combines linguistic

and information aspects, and is concerned with studying the linguistic phenomena of natural

languages in a computational manner. This includes developing and creating computer systems

to process natural language at various linguistic levels, such as phoneme, morphology, lexicon,

syntax, and semantics. Natural language processing requires formal and logical stages before

the computational stage, which relies on mathematical approaches and techniques. Pragmatic

aspects cannot be formalized because they relate to culture and external reality rather than

linguistic aspects, making them more difficult to process [18].

1.4 Computational linguistics approach

The Computational Linguistics approach is based on the intersection of linguistics, mathe-

matics, and information sciences, aiming to develop computer systems for natural language

processing. This approach follows basic steps that are as follows [18] :

— Determine the level of the language to be studied

— Representing it mathematically

— Creating an information or computer system to process it.

1.5 Fields of computational linguistics

The most important areas of computational linguistics[19] :

— Using computer capabilities in teaching the Arabic language.

— Providing useful programs for its students.

— Developing programs dedicated to the Arabic language to facilitate scientific research.

— Create programs to meet the needs of speakers of other languages.

3
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— Creating electronic dictionaries covering the fields of criticism, rhetoric, style, grammar,

and morphology, as well as the linguistic field in general.

— Using computers to translate texts to and from Arabic.

— Spelling, stylistic and linguistic checking.

— The weight of old and new Arabic poetry.

— Defining the types of similes, metaphors, and wonderful colors.

— Adjust and change punctuation marks.

— Automatic formation of texts.

— Supporting speech recognition and automatic synthesis systems.

— Creating rich linguistic dictionaries.

— Identify and analyze speech patterns.

— Generating speech and texts.

— Automatic writing and reading of texts.

— Understand and answer questions.

— Retrieving and extracting information.

— Perform automatic summarization and indexing.

— Text mining.

— Extracting information.

— Perform quick statistics of texts.

— Developing smart education systems.

— Electronic publishing.

— Developing programs to serve the Arabic language or downloading programs from the

Internet and modifying them to meet the needs of the Arabic language.

1.6 Objectives of computational linguistics

Computational linguists aspire to study language and its computer-mediated representation

to achieve a set of goals. They have defined their paths, aspirations, and hopes, and motivated

themselves to achieve these goals. As a result, they formulated their approaches, principles, and

tools based on these goals. These goals vary among themselves, and include[20].

4
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1.6.1 Simulating human performance

They seek to create machines that imitate the performance of humans in understanding and

producing language, but they face challenges due to the complexity of the linguistic process and

its interaction with social and cultural factors and previous experiences. Therefore, they are

working on developing specific models that represent the linguistic and cognitive levels. At the

cognitive level, for example, they have created a model that represents the child’s knowledge,

and their focus is on building computer systems specialized in specific fields such as retrieving

or classifying information. As for the linguistic level, they have paid attention to aspects of

language such as the lexicon and phonetics. Grammar, semantics, morphology, and linguistic

usage[20].

1.6.2 Modeling (simulating human thinking)

In an attempt to model the human mind, computational linguists are turning to unders-

tanding mental processes to design a model of a machine that works in the same way. This

exemplary work reflects the relational model of the human brain in a computing-based model,

and focuses specifically on natural language processing. Despite continuous attempts, resear-

chers have been unable to develop an ideal model that mimics this thinking from its cognitive

and psychological aspects, due to the complexity and fragmentation of the problem. Human

cognition is complex, involving aspects such as cognitive linguistics, psychology, artificial intel-

ligence, and life science, which need to be studied separately to comprehensively understand

how human cognition works[20].

1.6.3 Insight into the linguistic processes that occur within the hu-

man mind

Computational linguistics sought to investigate linguistic ability and understand involuntary

processes in the human mind, with the aim of enabling computers to understand, interpret and

reproduce natural language, and to bring part of the unconscious into consciousness - language

consciousness, which is a prerequisite for achieving machine linguistic consciousness. Achieving

machine language awareness requires a computer to perceive language in a context that al-

lows the user to interact in their natural language, which requires accuracy and objectivity

from the linguistic researcher. The ultimate goal of computational linguistics is to enable di-

rect human-computer interaction in natural language without an intermediary, while trying to

5
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provide the computer with enough science and knowledge to understand and reproduce natural

language[20].

1.7 Methodologies used in linguistic processing

There are two main types of approaches to linguistic processing : knowledge-based and [3]

learning-based, and they can be combined together. Each methodology has advantages and

disadvantages. Knowledge-based methodology relies on hand-written rules, requires language

skills, provides easy understanding of results but consumes time in writing and updating the

rules. Learning-based methodologies require sufficient training data and may be difficult to

adapt to new changes, but they allow systems to be built quickly and accurately. Machine

learning can be combined with unsupervised methods to overcome data availability issues[1].

1.8 Natural language processing task paths

pre-NLP task paths typically consist of the following elements[1] :

— Tokenization Sentence splitting .

— Part-of-speech tagging .

— Morphological analysis.

— Parsing and chunking .

1.8.1 Tokenization

Breaking text into linguistic units, known as “tokens,” is a fundamental step in the field of

natural language processing. It involves dividing text into simple units such as words, numbers,

and symbols, often separated by white space in English. Complex algorithms such as segmen-

tation of speech typically analyze these units as input, so it is important to use a high-quality

linguistic unit segmenter to ensure the accuracy of the results. Common types of linguistic units

include numbers, symbols, punctuation marks, and words in their various forms. Programs spe-

cialized in segmenting linguistic units usually add properties that describe the unit, such as

spelling style and type of unit, which helps improve the quality of the linguistic processing
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process. Some tools offer customization to ensure they are compatible with different languages

and different types of text [1].

1.8.2 Sentence splitting

Sentence marking, or sentence splitting, is the process of dividing text into individual sen-

tences, and includes identifying punctuation such as periods, commas, question marks, abbre-

viations, and more. Sentence breakers use lists of abbreviations to mark the end of sentences,

with a full stop being the end of a sentence except in certain cases, such as Mr. (Mr), or when

inside quotation marks. Determining syntax depends on factors such as line breaks in hea-

dings or bulleted lists. Cases get more complicated with tables, headings, or formatting tags,

and some sentence breakers ignore these elements entirely, while others rely on commas and

line breaks. Sentence breakers provide several alternatives for defining boundaries between sen-

tences, and the appropriate method depends on the type of text. Unlike rule-based ANNIE, the

OpenNLP sentence segmenter is machine learning-based, and can handle unsegmented texts

well, but may cause some errors in defining boundaries between sentences. NLTK uses the Punk

sentence segmenter, which relies on letters and ordinals to define boundaries between sentences.

The accuracy of sentence segmenters varies depending on the type of text, and performance

depends on the correct learning and grammar used. Sentence segmenters are important tools

in natural language processing, and each of them has strengths and weaknesses related to text

characteristics, which makes choosing the right tool important to ensure the accuracy of the

results [1].

1.8.3 Part-of-speech tagging

Part of speech (POS) classification involves labeling words to determine their linguistic

classification, such as nouns, verbs and adjectives. These basic categories are divided into precise

categories that distinguish between singular nouns, plural nouns, and verb tenses, and gender

can also be included in the classification. Using a range of possible classifications is crucial and

varies depending on the tools used. Common classifications include PTB, Brown’s Thesaurus,

and LOB’s Thesaurus. Determining a segment of speech classification depends on the context

in which the word appears as well as the word itself, so classification tools use machine learning

methods such as HMMs, Brill classifier, and others. The accuracy of these classifiers depends on

the type and quality of text they are trained on, however, accuracy can decrease significantly

when dealing with different types of text or noisy data[1].
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1.8.4 Morphological analysis

Identifying and classifying the linguistic units within a word forms the core of morphologi-

cal analysis, where the word is broken down into the root, antecedents and suffixes, facilitating

the identification of the forms of verbs and nouns. Morphological analysis is usually applied

to English for verbs and nouns, where these words appear in different forms resulting from

inflectional morphology. Morphology in English depends on the addition of suffixes or internal

modifications such as changing vowels. In other languages, antecedents may be used to add at

the beginning of a word or suffixes to add at the end of a word, with other internal changes.

Morphological analysis tools mainly provide processing of inflectional morphology and follow

rule-based methods, allowing them to deal with different inflectional forms based on gram-

matical rules. In addition, part-of-speech classification cards can be selected for words, which

helps in determining the grammatical classification of words. The use of tools such as GATE,

Stanford and WordNet is based on linguistic rules and standards, which enable them to deal

with morphological analysis effectively, in addition to their ability to process words within the

lexical database[1].

Derivation of the word stem

Word stem derivation tools produce the stem form of each word, making it easier to identify

the root root that words share. For example, the words "driving" and "drivers" share the root

"drive." In contrast, morphological analysis tends to produce the root forms of words plus their

antecedents and/or suffixes, as in the case of "drive" and "driver" of the previous examples, plus

the suffixes "ing" and "s" respectively. There is a large discrepancy between stem derivation

tools in how they work and the data they produce, as these tools do not attempt to parse

the stem or word stem, but rather simply remove the suffix and return the stem. In contrast,

morphological analysis tools take into account the context surrounding the word and look at

the word as part of the entire text[1].

1.8.5 Grammatical analysis

Grammatical analysis means studying the structure of sentences and analyzing them, by

extracting their grammatical structure according to known grammatical rules. Syntactic ana-

lysis explains how different elements in a sentence relate to each other, such as the connection

between the subject and the object in a given sentence. Syntactic theories vary in the field of

computational linguistics, as these theories provide different understandings of sentence struc-
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tures. Therefore, analysis tools vary in the methods and results they provide, depending on the

syntactic theory they follow.

Several parsing tools are freely available covering a wide range of syntactic theories, such as the

Minipar dependency parser, the RASP statistical parser, the Stanford statistical parser, and

the versatile SUPPLE parser.

These tools are embedded within the GATE working platform, allowing the user to try them

out and choose the appropriate tool according to their needs.

The Minipar parser is a dependency parser that determines the dependency relationships bet-

ween words in a sentence. This analyzer processes the text sentence by sentence, and identifies

the linguistic structure and parts of speech, such as the addition, relative clauses, subject and

object in verbs, in addition to the determiners and the way to connect elements in the sentence.

In contrast, component parsers are based on the concept of component relationships, and in-

clude a variety of different syntactic theories.

For example, Shift-Reduce Constituency Parser is a good example of a component parser, as it

uses a parsing process optimization algorithm that is based on dynamic code graphs.

This parser aims to improve the performance of traditional component parsers, which relied on

graphs to search for the best result among available grammars, which were accurate but slow

[1].

1.8.6 Text segmentation

Parsing algorithms are often computationally expensive, and are usually at their best when

they are trained on texts similar to the ones they are dealing with. Due to the complexity

of the text segmentation task, its performance is often less effective compared to low-level

processing tasks such as sentence segmentation. This may affect the efficiency of other tasks

such as recognizing name entities and analyzing relationships. So, sometimes it may be better

to sacrifice accuracy for a lighter, less expensive tool, such as text segmentation tools that

perform superficial linguistic analysis, recognizing strings of related words without analyzing

their internal structure.

Text segmenters can be divided into noun phrase segmenters and phrasal segmenters. The

differences between these types of segmenters are smaller compared to the differences between

parsing algorithms, because the parsing process generally takes place at the level of principal

components analysis, where sentence segmenters identify relevant parts of the text, but do not

seek to analyze those parts. However, there are differences between these tools regarding what
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is considered relevant to the piece of text under analysis. For example, a simple noun phrase

may contain a succession that includes an optional determiner, one or more optional adjectives

or adjectives, as well as one or more nouns, as shown in figure 1.1.

On the other hand, more complex nominal phrases may include, in addition to the above, an

adjective or relative clause that modifies the noun phrase. Some text segments include these

things as part of the noun phrase, while others do not (Figure 1.3). Decisions about whether to

include an adjective or relative clause in a noun sentence depend largely on the intended use of

the text fragments later. For example, if text fragments are expected to be used as input for a

tool that recognizes terms, one should consider whether or not there are possibilities of a phrase

containing a prepositional and prepositional phrase. In the case of generating ontologies, this

statement may not be necessary, but it may be useful when used as the goal of the sentiment

analysis process[1].

Figure 1.1 – Simple fragmentation of a nominal phrase - The old man bought a hat[1].

Figure 1.2 – Compound segmentation of a nominal phrasal verb that does not include pre-

positional and prepositional phrasal verbs - The Old Man[1].

Figure 1.3 – Compound segmentation of a nominal phrasal verb that includes prepositional

and prepositional phrasal verbs[1].
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Phrasal segmenters define boundaries between verbs, where verbs can consist of a single

word such as ’bought’, or of a more complex group including infinitive verbs, auxiliary modal

verbs and so on, such as ’he probably bought’ or ’to buy’. It may also include negative items

such as “he probably did not buy” or “he did not buy.” Figure 1.4 shows an example of one of

the results of a sentence segmentation program, which combines the processes of segmenting

nominal phrases and segmenting verbs.

Figure 1.4 – Compound segmentation of phrasal verbs[1].

1.9 Non-digital techniques

1.9.1 Mechanical processing

Mechanical processing generally refers to the system that directly manages the machine and

regulates its movement to carry out its tasks automatically and sequentially. This is the basic

principle of mechanization and the workings of mechanical machines developed by man in the

first wave of the Industrial Revolution at the end of the eighteenth century. Although there

were several factors facilitating innovations and inventions in that period, technologies were

simple and limited in the first wave of the Industrial Revolution. In fact, mechanical machines

at this stage required direct control and operation without an intermediary. At the same time,

machines with mechanical processors appeared with the beginning of the Industrial Revolu-

tion, with England being a leader in this field, despite French progress in the natural and social

sciences.

Several factors contribute to stimulating innovations and inventions in this period, including

government support for economic development, capitalist thought, and a culture of mechani-

zed production, along with expanding markets and encouraging migration to industrial cities.

Therefore, the political will and the social and economic environment were available to support

that revolution. In fact, mechanical processors were not necessarily new at that time, rather

they had existed before, but the Industrial Revolution contributed to the improvement and

development of these technologies[21].
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1.9.2 Electromechanical processing

Electromechanical language processors appeared in the nineteenth century with the expan-

sion of the study of electricity and the discovery of its phenomena. Experiments and theories in

that period led to tremendous achievements in the field of using electricity. These achievements

allowed the development of multiple industries such as motor manufacturing, electroplating,

lighting, refrigeration and heating, opening the door to a new wave of the industrial revolution.

As scientists became more ambitious, the desire to develop language processors increased with

the progress of successive electrical discoveries. The goal was to find a faster means of commu-

nication and data exchange that meets the requirements of human society and is an alternative

to slow traditional means of communication. Scientists found what they were looking for in

electromechanical processors for transmitting and managing linguistic data.

The idea of electromechanical language processors depends on representing language with a

certain mechanical movement and sending it through a transmission medium in the form of

electrical pulses. Two systems - transmission and reception - contribute to achieving this goal.

The first system organizes data and represents it in the form of electrical impulses, while the

second system interprets the electrical impulses and converts them into audio or visual symbols

based on a linguistic coding model.

Electric telegraph plays a prominent role as a means of transmitting data and linguistic mes-

sages via wires or electromagnetic waves. The telegraph uses a specific mechanism to encode

data and send it over the carrier, which is then decoded and transformed into audio or visual

images, sound beats, written symbols, light shapes, or chemical effects based on the model of

linguistic coding[21].

1.9.3 Analog processing

Scientists have worked to improve and develop the linguistic processing system for nearly

a century and a half, with the aim of meeting the growing ambitions to improve the quality of

communication and increase efficiency and speed in transferring linguistic information and data.

New technologies have emerged that use what is known as analogue processors, a technology

that converts successive physical quantities with time-varying values into a series of analogue

electrical signals.

Analog processors allow natural quantities such as sound, light, pressure, heat, and velocity to

be represented electrically, mimicking and replicating natural waves. Analog natural energy is

converted into an electrical voltage representing a natural wave, and these electrical signals are
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sent over transmission media over long distances, where they are decoded and restored to their

original form.

Through this technique, language can be represented electrically and transmitted quickly and

effectively. Analog signal data is analyzed using axes representing time and voltage, where the

signal is variable and continuous over a period of time. The telephone is considered one of the

most prominent inventions that use this technology, as it allows the transmission of linguistic

sounds from one place to another via electricity wires[21].

1.10 Digital techniques

1.10.1 Computational processing

The use of digital technology in automated processors has brought about a major transfor-

mation in the world, leading to the emergence of the massive revolution in information techno-

logy that we enjoy today. The idea of digital processors depends on converting commands and

data into a digital form that can be understood and executed accurately and effectively.

The binary number system is the core of digital processors, as it consists of only two numbers :

zero and one. This system was discovered by the scientist Gottfried Leibniz in the seventeenth

century, and with the development of electrical discoveries, the binary system was linked to the

control of electricity.

Dual-processor machines appeared in the third decade of the twentieth century, and as they

developed, they turned into digital computers. In the middle of the twentieth century, digital

processors witnessed a real technical revolution, making them the primary means of dealing

with and exchanging information.

Regarding digital language processors, these processors convert linguistic symbols into a digi-

tal representation using the binary system. Audio codes are represented digitally by converting

them into an analogue electrical signal, which is then converted into a digital signal. This digital

representation is based on the machine’s ability to understand and interpret linguistic symbols

and perform required tasks.

Representing linguistic symbols in digital form allows a variety of operations and algorithms

to be performed on them, which contributes to achieving the required performance and desired

purpose[21].

13



Chapitre 1 Automated natural language processing and data mining

1.11 Automated language processing applications

Applications of automated language processing are diverse and span a range of different

fields. Computational linguistics has adopted a theoretical and practical approach, directing its

capabilities towards exploring the energies of the human mind in creating and understanding

linguistic knowledge. Linguistic principles, ideas and symbols are transformed into a mathema-

tical symbolic representation that is compatible with the nature of computers, enabling them

to simulate human thinking in using and understanding language And its production.

Automated language processing applications require dealing with language in various aspects

of life, whether spoken or written and involving words, texts, analysis and synthesis. These

applications vary according to different language levels, e.g Morphology, grammar, semantics,

lexicon, and writing..

Automated language processing applications are divided into a group of applied fields, including

grammatical, morphological, lexical, semantic, written, orthographic studies, machine transla-

tion, and other fields.

Applications of automated natural language processing appear in a wide range of fields, including[20] :

1.11.1 Understanding linguistic context

The main goal of human language processing is to achieve a system that can understand

linguistic context, whether in its spoken or written form[20].

1.11.2 Linguistic statistics

It covers multiple areas, including : A : A quantitative estimate of some linguistic fea-

tures, such as the frequency of use of letters and words, and patterns of inflection in various

texts. B : A quantitative description of some linguistic relationships or relationships between

texts, such as relationships between subject type and verb type, sentence length, and ease of

understanding[20].

1.11.3 Writing processing

Computing can be applied in automated reading systems for printed or handwritten texts.

As for Displaying and printing texts has come a long way[20].
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1.11.4 Morphology or word structure

Morphological studies address a variety of purposes, including machine language transla-

tion, which relies on computers to do the translation, and intersect with other fields such as

computer science, linguistics, and artificial intelligence. In addition, it is used in text compres-

sion and spell checking, as the morphological analyzer can perform the analysis and synthesis

of language vocabulary, as the analytical part breaks down the word into its primary elements,

such as derivation, morphology, parsing, prefixes and suffixes, while the synthetic part does the

opposite[20].

1.11.5 Sounds and audio systems

This field is concerned with developing software for automatic speech recognition and conver-

sion. This software analyzes the sound and converts it into symbols that can be understood by

computers and identify its source[20].

1.11.6 Grammar and systems

These technologies are used in many applications such as automatically interpreting and

producing human texts, whether for querying or machine translation purposes[20].

1.11.7 Developing linguistic dictionaries

In understanding human speech, words are the intelligible units. Since any program desi-

gned to deal with human languages, it needs to use dictionaries of all kinds. These dictionaries

require a set of characteristics such as comprehensiveness, regularity, consistency, clarity, accu-

racy, scalability, expansion, and modification.

In addition to the traditional applications of computational linguistics and others, the electro-

nic researcher can perform tedious and tedious work such as building vocabulary, analyzing its

meanings, and matching the semantic and grammatical structure of the mother tongue with

the foreign language.

Computational linguistic studies have demonstrated new applications as a result of the interac-

tion of language and computers, and new interactive, creative linguistic practices have emerged,

such as linked text, which relies on linking internal and external text structures.

To achieve this interactive literature, the writer must go beyond the traditional stereotype and

acknowledge the role of the recipient in constructing the literary text, and seek to present a

15



Chapitre 1 Automated natural language processing and data mining

lively text in which true interactivity is achieved[20].

1.12 DATA MINING

Data mining is the process of exploring interesting knowledge from a large amount of data

stored in databases, warehouses or other information sources. Based on this belief, a typical

system architecture includes the following major components [3] . as shown in Figure 1.5

Figure 1.5 – Architecture of a typical Data Mining System [2].

— Data mining techniques provide a wide range of tools, techniques, and combinatorial

algorithms to extract the required data, as well as pre- and post-processing of data, and

metrics of interest and complexity.

— Data mining algorithms allow useful patterns to be revealed within huge amounts of data.

— Data mining algorithms provide precise and precise analysis results.

— Data mining contains various tools for classification, clustering, anomaly detection, and

pattern extraction.

Data mining includes a variety of tools for classification, clustering, anomaly detection, and

pattern extraction, as shown in Figure 1.6 [22].
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Figure 1.6 – Map of Data Mining domains[3].

1.13 Conclusion

In this chapter we learned about important concepts in computer science and linguistics,

including computational linguistics, automated natural language processing, and data mining.

We discussed the basics of these fields and their importance in understanding and analyzing

human language with the help of computers, which opens the way to exploring how modern

technologies can be used to extract knowledge from linguistic data and interact with it more

effectively.
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CHAPITRE 2

COMPARISON SYSTEM DESIGN

2.1 Introduction

Reviewing examples of a specific task is considered one of the fundamental steps to unders-

tand its nature and effects. In every challenge faced by individuals or organizations, leveraging

past experiences and works can lead to success and overcoming obstacles. This chapter aims

to review several similar examples to our work, analyzing how these tasks were executed and

identifying their outcomes.

2.2 Example 1 : The book Semantic Analysis and Gra-

phical Description of Ibn Khaldoun Introduction.

2.2.1 Computerized processing of Ibn Khaldoun introduction

At first, the book’s text underwent refinement to remove linguistic flaws that could impact

its meaning, resulting in the creation of a Word Cloud, a visual representation of the text’s

content based on the frequency of words used - see Figure 2.1

The dominance of prepositions and pronouns over the concepts presented in Figure 2.1is evident

due to their frequent usage in constructing sentences and linking their components. Therefore,

in the next step, intelligent software algorithms are utilized to remove the surplus "Stop Words"

that lack independent meaning. This process results in the emergence of concepts after elimi-
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Figure 2.1 – Vocabulary cloud of Ibn Khaldoun introduction before the purification process

was carried out from linguistic impurities[4].

nating the polluted words from the text, as illustrated in Figure 2.2.

Figure 2.2 – Vocabulary cloud of Ibn Khaldoun introduction after practicing purification

processes from linguistic impurities[4].

The new graphical description clearly highlights the emergence of concepts that formed part

of Ibn Khaldoun cognitive framework. We observe the prominence of terms in the graphical

representation, such as : Arabs, Sultan, State, Land/Industries/Nervousness, Sharia, Science,

Language, Maghreb, among others, with variations in the size of vocabulary, which is correlated

with their frequency levels within the text[4].

Analysis of selected text network data

Analysis of text network data is considered the first stage in identifying distinctive fea-

tures, such as statistical properties, levels of association and grouping between terms, and the

meanings inferred from them. In Ibn Khaldun’s book, the analysis revealed four main clusters

of terms in Figure 2.3., where some of them, such as urbanization and people, stand out at
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a rate of 25%, followed by other terms, such as the state and king, at a similar rate. These

findings highlight the author’s interest in these terms and their connection to the rest of the

discourse. Upon deeper examination of Table 2.4, it appears that the network consists of 3,000

basic nodes connected to each other, and content analyzes confirm that the most influential

elements revolve around basic concepts such as God, the state, and the Arabs, which indicates

the strength of interconnection and cohesion in the cognitive network of the text[4].

Figure 2.3 – The most common vocabulary words in the vocabulary clusters of the Intro-

duction book[4].
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Figure 2.4 – Table The most important characteristics of the selected text network fabric[4].

Graphical representation of the elected text network

After the previous text processing stage, it becomes possible to create a graphic network

that directly represents the terms and concepts found in the text, linking and arranging them

according to their locations and relationships in the text. Figure (2.5) By studying this network,

it is possible to identify the vocabulary that was the focus of the writer’s attention, which

indicates patterns And complex relationships between these terms in the content of the book.
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Figure 2.5 – The grid for the content of Ibn Khaldoun introduction[4].

2.2.2 Summary and conclusions

Through a deep exploration, we’ve analyzed the terminology and relationships within Ibn

Khaldun’s work. Utilizing text network analysis with smart computing processors, we’ve unco-

vered patterns and constructed networks of concepts across various fields of knowledge in the

book.

This approach offers new insights into historical texts, revealing terminology usage, deployment

methods, and intimate relationships between terms. It provides comprehensive descriptions and

analyses beyond traditional reading methods.

However, while this method enhances understanding, it remains one tool among many, com-

plementing traditional reading rather than replacing it. It aids in interpretation and analysis

without hindering comprehension of the texts[4].
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2.3 Example 2 : A computerized processing book to ana-

lyze the network of meanings and concepts in books

on the expression of vision

Forming a word cloud of the two books

The term "word cloud" refers to a graphical representation used to display the vocabulary

present in a text. Words are shown in sizes proportional to their frequency in the text, offering

an initial view of the most significant words and terms. To illustrate the impact of text pu-

rification and subsequent processing, we created word clouds for both books before and after

these treatments. 2.6 shows the word cloud of the book "Muntakhab al-Kalam fi Interpretation

of Dreams" before and after processing.

Figure 2.6 – Word cloud of the chosen book of dream interpretation before and after the

treatments[5].

The first word cloud clearly indicates that the text of the book before processing was domi-

nated by prepositions, pronouns, and words unrelated to the field of dream interpretation. As

for the second word cloud, terms related to interpretation started to emerge after processing.

The first word cloud clearly shows that the text in the book before treatment was dominated

by a lot of prepositions, pronouns and words not related to the field of dream interpretation.

As for the second word cloud, the terminology and vocabulary related to the interpretation of

dreams began to appear more clearly. The same applies to the content of the book “Perfuming

the Dreams in the Interpretation of Visions and Dreams,” as shown in Figure 2.7.

After prepositions, pronouns, and words lacking inherent meaning were predominantly posi-

tioned on the right side (e.g., in, to, that, for, his, and others), they seem to have vanished

after processing, giving prominence to important terms like "vision," "evidence," "perceived,"
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and vocabulary related to dreams such as "people," "woman," "money," and others[5].

Figure 2.7 – The word cloud of the book Tatir al-Anam in the expression of vision and dream

Before and after treatment[5].

Visual representation of the two books’ text networks

The network representation of the text illustrates the semantic and conceptual structure,

identifying links between terms and the pattern of word repetition. The text is represented as a

network of nodes (words and terms) and their connections (semantic and conceptual relation-

ships).

The texts of the two books were processed as networks of nodes representing vocabulary, and

the relationships connecting these words form the expression of vision in the texts. Figure 2.8

shows the complexity of the network in "The Selected for the Interpretation of Dreams" before

and after text purification, where the content was obscure before purification and became clearer

afterward. The same applies to the network in "Attar Al-Anam," as shown in Figure 2.9 [5] .

Selected conceptual networks from the book "Muntakhab al-Kalam fi Tafsir al-Ahlam" : We

attempted to select three conceptual elements for the purpose of forming networks that would

visually represent the conceptual description. Notice in Figure 2.10 the approach associated

with the narrative style of the dreamer’s perception.
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Figure 2.8 – The network structure of the text material of the selected book from Interpre-

tation of Dreams before and after treatment[5].

Figure 2.9 – The network texture of the text material of the book Tatir al-Anam in the

expression of vision and dream before and after processing[5].

It seems that the most important terms used by the author in presenting the visions are :

"saw, saw that, saw as if, saw as, saw that". By tracking these terms, patterns of dream narratives

and their terms can be identified. As for Figure 2.11, we have depicted the network of concepts

related to interpreting the significance of the dreamer’s vision for men, women, children, and

wealth in Imam Ibn Sirin interpretations, and the implications of that on his handling of these

terms in the expression process [5].
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Figure 2.10 – Network of concepts of expressions of the viewer’s story of his vision[5].

Figure 2.11 – The conceptual network of the meaning of the vision of a man, a woman, a

child, and money and its reflection on its expression according to Imam Ibn Sirin [5].
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2.3.1 Summary and conclusions

Employing computational analysis on Arabic and Islamic texts, and visually representing

their discourse, advances computational methods in analyzing Arabic and Islamic cognitive dis-

course. Dream interpretation books contain valuable resources for understanding dreams and

their meanings.

Our analysis has produced graphical representations of these books’ vocabulary, aiding com-

parison and revealing conceptual networks related to dream interpretation. This sheds light

on connections between recurring terms in contemporary Muslim dreams and explains their

semantic field.

Analyzing conceptual networks helps understand how interpreters link dream terms across dif-

ferent time periods. Computational processing highlights variations in term recurrence and

analysis styles in dream interpretation books.

Expanding this approach to more books could deepen our understanding of dream terms and

their expression[5].
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2.4 Exemple 3 : Review of Research on Digital Supply

Chain Management Using Network Text Analysis

2.4.1 Subject Analysis

Figure 2.12 – Articles by year [6].

Scopus, a well-known academic database, was used to find articles on digital supply chain

management. Using keywords like "digital supply chain," "supply chain digitalization," and

others, articles from journals in business, management, decision sciences, and social sciences

were searched. Only English-language articles were analyzed, resulting in 815 articles. Figure

2.12 shows a growing trend in studies on digital supply chain management since 2010, with a

notable increase after 2015, coinciding with discussions on digital transformation. However, as

the study’s search ended in May 2021, the actual number of articles in 2021 may be higher.

Table 2.13 lists the major journals publishing these articles, and Table 2.14 identifies prominent

authors[7].
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Figure 2.13 – Table Major journals publishing digital supply chain articles[7].

Figure 2.14 – Major authors publishing digital supply chain management articles [7].
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2.4.2 Network Text Analysis on Articles Published until 2019

Building the Keyword Network

The textual analysis focused on articles published until 2019 to identify research trends.

The time period was divided into two groups : articles published until 2019 and those published

since 2020, considering the potential impact of COVID-19 on studies related to digital supply

chain management. COVID-19, which emerged in November 2019, brought significant changes

to the global economy and supply chains, leading researchers to explore the topic from new

perspectives.

A total of 434 out of 815 articles were published up to and including 2019. These articles

presented a total of 1625 keywords. Figure 2.15 illustrates the word cloud based on the frequency

of the keywords. Larger keywords indicate higher frequency. High-frequency keywords include

"sustainability," "blockchain," "Industry ," "supply chain integration," "big data," and "Internet

of Things."[7].

Figure 2.15 – Word cloud (until 2019) [6].

For a thorough analysis, this study constructed a two-dimensional network comprising article

and keyword nodes, with keywords appearing at least three times in 434 articles. As a result,

most articles shared keywords, while a few articles not sharing keywords with the others were

separated from the two-dimensional network. This indicates that articles on digital supply

chains form a large community. Cosine similarity was calculated to convert the two-dimensional

network comprising articles and keywords into a one-dimensional network consisting only of

keyword nodes. The cosine similarity formula is shown in Equation (1), and the cutoff value

of cosine similarity was set at 0.2 to link co-occurring keywords. Figure 2.16 depicts a one-

dimensional network consisting solely of keyword nodes[7].
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Figure 2.16 – Keyword network (until 2019) [7].

Centrality Analysis

Table2.17displays the results of the degree centrality analysis, revealing keywords such as

"big data," "Internet of Things," "globalization," "Industry 4.0," and "innovation" with high

centrality. This indicates a predominant focus on technology like big data analysis and the IoT

in digital supply chain studies, driven by innovation and influenced by Industry 4.0 and supply

chain globalization. Similarly, Table 2.18 outlines the results of the betweenness centrality

analysis, where "supply chain integration" emerges as a prominent mediator among keywords.

This suggests that digitalization is widely regarded as a strategy to enhance supply chain

integration and overall performance in digital supply chain management studies[7].
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Figure 2.17 – Table Degree centrality analysis (until 2019)[7].

Figure 2.18 – Table Betweenness centrality analysis (until 2019)[7].

2.4.3 Network Text Analysis on Articles Published from 2020

Building the Keyword Network

From 2020 to May 2021, 381 articles on the digital supply chain were published, featuring a

total of 1250 keywords. Figure 2.19presents a word cloud reflecting keyword frequency. Notably,

terms like "COVID-19," "Resilience," "Supply Chain Risk Management," and "Digital Twin"

saw increased frequency during this period. This reflects the heightened interest in supply
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chain resilience and risk management due to the COVID-19 pandemic. A two-mode network

of articles and keywords was constructed, revealing a cohesive community where most articles

shared keywords. Using cosine similarity, this network was transformed into a one-mode network

consisting solely of keywords, as depicted in Figure 2.20[7].

Figure 2.19 – Word cloud [7].

Figure 2.20 – Keyword network (from 2020)[7].

Centrality Analysis

Degree centrality was examined using the keyword network of articles published since 2020

on the digital supply chain, with the findings detailed in Table 2.21. While generally similar

to those of articles published until 2019, there was a comparatively higher degree centrality

for terms like "resilience," "COVID-19," "digital twin," and "risk management." This suggests

that the COVID-19 pandemic has heightened risks in supply chain management, prompting
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increased studies on digital supply chains as a strategy to bolster supply chain resilience. Table

2.22 illustrates the outcomes of betweenness centrality analysis, indicating a surge in studies

on supply chain management facilitated by digital technology[7].

Figure 2.21 – Table Degree centrality analysis (from 2020)[7].
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Figure 2.22 – Table Betweenness centrality analysis (from 2020)[7].

Cluster Analysis

A cluster analysis was conducted to identify research topic groups. As depicted in Figure

2.23, five clusters were formed, with the primary keywords included in these clusters outlined

in Table 2.24.

The first cluster includes keywords related to supply chain integration and new business

models using digital technology. Fatorachian and Kazemi noted that digitalization enables pro-

cess integration in the supply chain, leading to flexibility and agility, thus enhancing the overall

performance of the supply chain. Zeng et al. presented a case study on small and medium-sized

enterprises in Italy to demonstrate that new business models can be created using digital tech-

nologies such as blockchain in the food supply chain.

The second cluster highlights COVID-19’s impact on supply chain resilience, emphasizing the

need for digital solutions to detect and address emerging risks. Adopting digital supply chains is

crucial for sustainability. The third cluster underscores key digital technologies like blockchain,
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Figure 2.23 – Cluster analysis (from 2020) [7].

IoT, AI, big data, and cloud computing essential for sustainable digital supply chains. As these

technologies improve in security and accessibility, more companies are expected to adopt digital

supply chains.

The fourth cluster discusses creating a new ecosystem and value chain through digital supply

chain transformation, driven by the digital era’s need for interconnected ecosystems. Authors

like Seyedghorban et al. suggest that companies are adapting their strategies, making digi-

tal supply chain management a viable option. The final cluster highlights collaboration and

dynamic capabilities among firms for effective digital supply chain implementation. Dynamic

capabilities are essential for promptly adopting new technologies. Data sharing is crucial for

efficient operation, necessitating strategic collaboration based on trust, enhancing relational

performance within the ecosystem[7].

36



Chapitre 2 Similar examples support the topic

Figure 2.24 – Main keywords by cluster (from 2020) [7].

2.4.4 Conclusions

This study analyzed 815 articles on digital supply chains in Scopus to uncover trends. Fin-

dings emphasized sustainable management and the role of digital transformation. Technologies

like blockchain and IoT were highlighted. Interest surged during COVID-19, prompting digi-

tal transformation for resilience. Cluster analysis identified major research topics. Findings are

summarized in Table 2.25[7].

Figure 2.25 – Keyword clusters [7].
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2.5 example 4 :paths study on knowledge convergence

and development in computational social science :

data metric Analysis Based onWeb of Science

2.5.1 Data Sources and Research Methods

The study utilizes the Web of Science (WoS) database to collect data, focusing on articles

related to computational social science and related fields. After refining the search criteria, 5856

relevant articles were selected. The research methodology involves standard bibliometric analy-

sis, including research design, data collection, analysis, visualization, and results interpretation.

Biblioshiny and SciMAT software packages are used for comprehensive bibliometric analysis and

knowledge mapping, exploring the evolution and integration of computational social science li-

terature. These tools enable visualization and network analysis of the literature, providing

insights into knowledge integration and development paths within the field. Figure 2.26). [8].

Figure 2.26 – Bibliometric analysis process[8].
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2.5.2 Analysis of Evolutionary Dynamics

Statistical Description of Literature in Computational Social Sciences

1. Analysis of Published Article Volume :

This section examines the dynamic developments in scientific knowledge production wi-

thin computational social science since its inception. It employs both annual time series

and phased time series analysis to gain a comprehensive understanding.

From 2001 to 2020, (as depicted in Figure 2.27 and Table 2.28) there is a general upward

trend in the number of articles despite minor fluctuations. The period is divided into four

phases : 2001-2005, 2006-2010, 2011-2015, and 2016-2020.

During 2001-2005, there is an exploratory phase with low productivity due to the early

stage of computational social science. The period from 2006 to 2010 marks initial growth,

notably spurred by increased interest following the proposal of the concept in 2009.

Rapid growth occurs during 2011-2015, particularly evident in 2014 and 2015. The period

from 2016 to 2020 signifies an active and highly productive phase, reaching its peak in

2020.

In summary, retrospective analyses indicate continuous growth in the number of articles

in computational social science research, suggesting ongoing development in the field[8].

Figure 2.27 – Academic papers published related to computational social science, 2001–2020

[8].
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Figure 2.28 – Table Valid literature and high frequency keywords in different periods[8].

2. Analysis of Annual Citation Trends :

Figure 2.29 shows that the average number of citations per research paper peaked around

2012, followed by a slower growth trend since 2014. Despite fluctuations, the overall

number of citations has continued to increase. The highest average number of citations per

paper was in 2012, reaching 7.8. This peak coincided with the publication of a manifesto

for computational social science by 14 European and American researchers, including R.

Conte from the Italian National Council for Scientific Research, in the European Journal

of Physics. From 2008 to 2014, the average citation rate of articles increased, with a

focus on integration and development in social sciences and algorithmic models. Based

on the analysis of published articles, this research suggests that research in this field will

maintain a high growth trend, particularly with technological advancements. [8].

Figure 2.29 – Average annual citations in computational social science, 2001–2020[8].

3. The highest cited articles :

Figure 2.30 shows that, among 5856 articles, clustering by fast search and finding of

density peaks, with up to 2180 citations, proposes an analysis method based on the idea
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of clustering that can effectively eliminate outliers. Next, private traits and attributes

are predictable from digital records of human behavior, with 942 citations. Kosinski et al.

found that digital behavioral records like “Facebook Likes” can be used to predict a range

of highly sensitive personal attributes, including sexual orientation, ethnicity, religious

and political views, and personality traits, thus proposing a demographic model that

can predict individual psychology from preferences. As mentioned, computational social

science is an emerging interdisciplinary discipline that is the result of long-term knowledge

accumulation in traditional social sciences and is a multidisciplinary and problem-solving

oriented research[8].

Figure 2.30 – Top 20 cited literature [8].

4. Analysis of the Most Relevant Authors :

Moat et al. possess H-index, G-index, and citation frequency of 10, 13, and 444, respecti-

vely, among computational social science authors (Table2.31)Furthermore, several author

collaboration subnetworks, notably six, have been identified (Figure 2.32), predominantly

centered on Moat, Preis, and Lazer, forming intricate relationships. These findings un-

derscore the representation of relationships between nodes in computational social science

networks, with the formation of new structures between subnetworks, enhancing overall

complexity.

Moat et al. leveraged social media behavioral data to model human mobility patterns and

utilized big data to quantify crowd size. In 2009, Lazer et al. published "Computational
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Social Science," a seminal work marking the field’s emergence. Their 2020 publication,

"Opportunities and Challenges in Computational Social Science," reflects on the field’s

evolution. Despite not leading in publication count, Lazer et al. have made substantial

contributions to computational social science’s advancement.

The interdisciplinary nature of the field is evident through contributions from scholars of

diverse backgrounds, such as physics, engineering, medicine, computer science, informa-

tion systems, sociology, and political science. This highlights the applicability of various

disciplines, including mathematics, statistical mechanics, complexity science, network

science, natural language processing, artificial intelligence, and social science theories,

in computational social sciences [8].

Figure 2.31 – Table Top 20 authors with significant impact in computational social science

[8].
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Figure 2.32 – Collaborative network of scholars related to computational social science [8].

5. Rephrasing the text :

This study analyzes the top 20 most prolific scholars in terms of their yearly publication

count to understand their research output pattern. Abramo G., for instance, has main-

tained an average of 4 publications per year since their initial publication in 2009, with a

peak of 15 in 2011. Notably, one of their publications proposing a heuristic approach to

author name disambiguation in bibliometric databases gained wide attention, being cited

128 times.

The analysis indicates that many prolific scholars began focusing on computational social

science after its formal introduction in 2009. However, with the field being multidiscipli-

nary, more high-quality authors have become involved, leading to an increase in related

publications over time[8].
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Figure 2.33 – Annual number of publications by lead authors [8].

Keywords Analysis

This section aims to address the second question, which is how the main research direc-

tions in the field have changed since the emergence of computational social science. Keywords,

serving as condensed summaries of the literature, are identified from among 5856 scientific do-

cuments analyzed in this study, totaling 337 high-frequency words for word cloud analysis and

cooccurrence matrix visualization[8].

1. Analysis of the Application of High-Frequency Keywords : The word cloud in Figure 2.34

displays the most frequently occurring words in papers on computational social science,

varying in size according to their frequency of appearance. Among these, common key-

words include science, big data, model, and bibliometrics. Computational Social Science :

Falling within the realm of social science, it integrates theories from various disciplines

and serves as a theoretical and methodological system for deepening our understanding

of society, effecting societal transformation, and addressing complex social problems in

areas such as politics, economics, culture, and more[8].
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Figure 2.34 – Word cloud in computational social science [8].

2. Keyword Co-occurrence Network Analysis : The examination of high-frequency words

across different time periods enabled the construction of keyword co-occurrence ma-

trices. Visualized using the Co-occurrence Network of Biblioshiny, these matrices faci-

litated the analysis of relationships among thematic words and the tracing of key term

evolution, supporting related research in the field. The study constructed keyword co-

occurrence networks based on four distinct literary periods : the low-yield exploration

period (2001–2005), budding development period (2006–2010), rapid development period

(2011–2015), and high-yield active period (2016–2020). Co-occurrence analysis generated

mappings depicted in Figures 2.35– 2.38, with node and line size indicating point density,

reflecting co-occurrence density and research focus.[8].

From 2001 to 2005, computational social science wasn’t distinctly proposed, with re-

Figure 2.35 – 2001–2005 cooccurrence network [8].

search focusing on bibliometrics, scientific inquiries, and impact assessment. Key terms

were infrequently cited, primarily concentrating on social investigations and scientific me-

trics, laying groundwork for computational social science.
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Figure 2.36 – 2006–2010 cooccurrence network [8].

Figure 2.37 – 2011–2015 cooccurrence network [8].

In 2009, Lazer et al. introduced "computational social science," alongside big data compu-

ting, gaining widespread attention since. Computational models are expected to become

crucial societal infrastructure, significantly impacting from 2011 to 2015, enhancing ma-

nagement, policy decision-making, and economic growth evaluation.

from 2011 to 2015, with novel applications in big data-based research. Through big data

analysis, simulation studies were conducted to enhance management, policy decision-

making, and evaluation, thereby driving economic growth. It can be concluded that com-

putational social science is a byproduct of the advancement in scientific, social, and eco-

nomic knowledge, data collection and analysis, network and computing infrastructure,

and algorithmic models.

Computational social science is a byproduct of advancements in scientific, social, and eco-

nomic knowledge, data collection, network infrastructure, and algorithmic models. From
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Figure 2.38 – 2016–2020 cooccurrence network [8].

2016 to 2020, big data computing’s frequency and impact increased, expanding research

domains into interdisciplinary fields like big data sociology and political science.

The keyword co-occurrence matrix encompasses three subnetworks, with "social science"

holding a central position, alongside simulation models, social impact, and research per-

formance. Current research focuses on problem-solving, efficient knowledge organization,

and effective fusion computation in the vast web big data environment. Data-driven es-

timation of segregation levels from noisy data is crucial in computational social science.

(Figure 2.39)[8].
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Figure 2.39 – Keywords cooccurrence network[8].

2.6 example 5 : Infranodus : generate insight wifh ai and

network thinking

2.6.1 EXPLORING AN AI TOOL

We chose a positively reviewed AI-driven tool called InfraNodus for academic text analysis

in this exploratory study. When InfraNodus first became available, its developers focused on

its ability to analyze text networks and use AI to extract meaningful patterns from them. The

tool provides graphical representations of relationships between topics and thematic clusters,

making it central to our exploratory study on facilitating scholarly literature reviewing and

research hypothesis generation[9].
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Figure 2.40 – Abbott, D. (2019). Game-Based Learning for Postgraduates[9].

As new users of InfraNodus, we initially examined a single abstract by Abbott (2019)

to understand the tool’s functionalities. According to InfraNodus developers, it can visually

represent an abstract as a network, with main topical groups created from conceptual "nodes"

identified through AI analysis of the text. As of September 2022, abstracts were limited to 136

words, necessitating their division into two or more text boxes. Multiple texts derived from the

same abstract were included as separate abstracts in the web created by InfraNodus [9]. The

results are displayed in Figure 2.41.

Then, using this divided abstract, we tested the tool’s ability to generate questions using the

Figure 2.41 – Text analysis network based on Abbott’s (2019) article created by the AI[9].

GPT-3 artificial intelligence, the third-generation "Generative Pre-trained Transformer". While
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GPT-4 is now widely used and gradually integrated, GPT-3 is still utilized for InfraNodus’

lower subscription levels as of the writing of this text. The first question generated by the

artificial intelligence was "What is the most effective approach to teaching that results in high

academic outcomes ?" (see Figure 2.42). To assess the appropriateness and fidelity of the AI

question generator to the abstract, we tried the "more questions" feature. Figure 2.43 illustrates

how the subsequent question generated differed from the initial one[9].

Figure 2.42 – Question generated by InfraNodus based on Abbott’s (2019)[9].

The AI feature that regenerates questions has been activated, but the resulting questions

may vary significantly in meaning. During trials of the InfraNodus feature for summarizing

scientific articles on play-based learning, some generated summaries did not accurately reflect

the original text. Additionally, dividing long texts into smaller parts in InfraNodus could im-

pact analysis due to the lack of connection between the last sentence of one part and the first

sentence of the next[9].

The question regeneration feature has been activated in Inferencodis, resulting in generating

questions with varying meanings. The feature for summarizing texts and dividing long texts has

also been clarified. The developer explained how to identify and distinguish between important

contracts and clear or influential contracts. In March 2023, the name of the "Detecting Unclear

Contracts" feature was changed to "Identifying Key Ideas," but its function remained similar in

both cases[9].
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Figure 2.43 – Additional questions generated [9].
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Figure 2.44 – The topical network based on fifteen abstracts[9].

Figure 2.45 – Most influential concepts offered by the tool through "Reveal underlying ideas"

feature. Previously this feature was called "Reveal Non-obvious" [9].
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We tested the InfraNodus tool in creating and regenerating summaries of several articles

and found that sometimes the regenerated summaries had different phrasing and meanings from

the original articles. For example, the summary mentioned that Seg and Fligby are data collec-

tion tools, but in reality, Fligby is a serious game designed to simulate business management

processes. Additionally, questions were raised to the developers about how GPT-3 is trained

and how articles are transformed into summaries The variations in summarization and ques-

tion generation by InfraNodus impact the tool’s effectiveness in analyzing research materials,

as the generated questions and summaries may not be deeply connected to the original content.

Relying on "structural gaps" for question generation raises questions about the criteria for se-

lection and understanding. While the developer advertises the tool’s capabilities in identifying

main topics and generating summaries and research questions, there seems to be insufficient

knowledge about the algorithms of GPT-3 used, raising doubts about the accuracy and quality

of the generated results[9].

Figure 2.46 – The topical network based on fifteen full papers. Note that ‘ct’ and ‘item’ are

identified as ‘nodes’[9].

Initial attempts to upload all fifteen articles were unsuccessful due to difficulties in merging and

compressing PDF files because of images and signatures within them. All articles were copied

and pasted into .txt format instead, which is a time-consuming process. Converting files from
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PDF to .txt requires an easy and fast tool, and it is not mentioned how references, tables, and

image descriptions might affect the analysis.

The study illustrates how including some references and all graphs, tables, and image des-

criptions affects the outcome. InfraNodus provided several different summaries for the fifteen

articles, and it was found that more input can lead to generating more questions and summa-

ries before repetition. There is a difference between the summaries generated from abstracts

and those generated from full articles, with summaries from full articles using more precise

phrases. Further exploration is needed to understand how these differences impact knowledge

representation in InfraNodus [9].

2.7 Conclusion

The examples highlighted in this chapter underscore the importance of using computer

techniques in the field of conceptual network analysis. Through computing, the process of

examining and analyzing large datasets can be facilitated and accelerated. With the continuous

advancement in information technology, we anticipate further innovation in this field to achieve

additional progress in conceptual network analysis.
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CHAPITRE 3

EXPLAINING THE WORK AND

PRESENTING THE RESULTS

3.1 Itroduction

In this chapter, we will discuss the analysis of the network of concepts in selected samples of

Arab and foreign educational programs. Computing methods and techniques are used to ana-

lyze and compare these networks, allowing the differences and similarities between educational

approaches in each to be identified.

3.2 Plan for workflow steps
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Figure 3.1 – workflow steps

3.3 Computer study of textbooks (statistics for compa-

rison)
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Figure 3.2 – Statistics table

3.4 A comparison between school books (reading books)

for the primary stage in Qatar and America

3.4.1 Computerized processing of the books of the State of Qatar

First, we processed book texts to create a word cloud, a visual representation of text content

based on the frequency of words used in it – see Figure 3.3.
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Figure 3.3 – Word cloud before processing.

Figure 3.3 shows the dominance of prepositions and pronouns over the concepts contained

in it, as a result of their extensive use in constructing sentences and linking words. The next

step is to use intelligent algorithms to delete redundant words (Stop Words) that do not have

a separate meaning, highlighting key concepts and removing noise from the text - see Figure

3.4.

The new word cloud shows the emergence of concepts that were part of the cognitive framework

Figure 3.4 – Post-processed word cloud.

of education in Qatar. We notice the emergence of terms such as :
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and others. The size of these items varies, reflecting their frequency within the text.

3.4.2 Analysis of the books network for the State of Qatar

The word elements that make up book texts represent the nodes that form the core of the

mesh fabric. As for the edges, they describe the relationships that link the text’s vocabulary,

which leads to the formation of terms and concepts through these close connections.

Text network data analysis

Figure 3.5 – A table representing the frequency of the words that appear most frequently in

Qatar

It is clear from Figure 3.5 that there is a discrepancy in the importance of the terminological

vocabulary that populates Qatar’s books, where the word “Q¢�¯” occupies the first place, while

the word “ÈA 	®£


@” comes in the last place.

These results can be used as a guide in determining the author’s level of interest in this voca-

bulary and treating it in more detail than the rest of the vocabulary.
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Graphical representation of the text network

The network illustrates the density of concepts used in educational programs and provides a

comprehensive view of the nature of the educational content. It shows that programs in Qatar

place significant emphasis on teaching reading and writing, educational morals, and poetry

Figure 3.6 – Text content grid

3.4.3 Computer processing of American state books (English time)

Figure 3.7 – Word cloud before the cleaning process

From Figure 3.7 we notice the presence of words that have no importance, in addition to

individual letters of the alphabet, so we had to remove them in order to obtain concepts of

greater importance 3.8.
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Figure 3.8 – Word cloud after the cleaning process

We notice the presence of terms such as : practice ,reporter ,play , write , word , picture and

others. The size of these elements varies, reflecting their repetition within the text.

3.4.4 Analysis of the books network for the State of American

(English time) :

Text network data analysis

It is clear from Figure3.9 that there is a discrepancy in the importance of the terminological

vocabulary that has settled in American books (English time), where the word “practice”

occupies the first place, while the word “mother” comes in the last place. These results can be

used as a guide in determining the author’s level of interest in this vocabulary and treating it

in more detail than the rest of the vocabulary.
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Figure 3.9 – A table representing the frequency of the words that appear most frequently in

American books (English time)

Graphical representation of the text network

The network illustrates the density of concepts used in educational programs and provides

a comprehensive view of the nature of the educational content. It shows that "English Time"

programs prioritize teaching reading, writing, educational ethics, and family values
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Figure 3.10 – Word network

3.5 comparison between school books (reading books)

for the primary stage in Egypt and America :

Forming a word cloud for Egyptian books

A word cloud before processing is shown in Figure 3.11.

Figure 3.11 – Word cloud before filtering

What is clear from the cloud is that the texts of the books before treatment contained many

prepositions, pronouns and words that do not belong to the terminological field of education.
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After treatment, terms related to education began to appear more clearly. See Figure 3.12.

Figure 3.12 – Word cloud after filtering

After the prepositions, pronouns, and words that lacked a meaning in and of themselves were

squared in Figure 3.12 , we see that they were absent after the treatment processes, so important

terms emerged such as �
é�PYÖÏ @ , É�

	
®Ë@ , ÉÒm.

Ì'@ ,
�
éJ
K. QªË@ ,

�
é
	
ªÊË @ ,

�
é�PYÖÏ @ , ÉÒ»



@ ,I.

�
J» @ ,

	
¬@Yë



B@

3.5.1 Analysis of the books network for the State of Egypt

Text network data analysis

It appears clear from Figure 3.13 that there is a discrepancy in the importance of the ter-

minological vocabulary that has settled in Egyptian books, where the word “ 	
¬@Yë



B@” occupies

the first place, while the word “ �éÊÒm.Ì'@” comes in the last place. These results can be used as a

guide in determining the author’s level of interest in this vocabulary and treating it in more

detail than the rest of the vocabulary.
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Figure 3.13 – A table representing the frequency of the words that appear most frequently

in Egypt

Graphical representation of the text network

The network illustrates the density of concepts used in educational programs and provides a

comprehensive view of the nature of the educational content. It shows that programs in Egypt

place significant emphasis on teaching reading and writing, educational morals, family values,

and poetry
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Figure 3.14 – Concept network

3.5.2 Computer processing of American state books (Every body)

From Figure 3.15 we notice the presence of words that have no importance, in addition to

individual letters of the alphabet, so we had to remove them in order to obtain concepts of

greater importance. See Figure 3.16

We notice the presence of terms such as : practice ,answer , read, ask ,play , School, number

and others. The size of these elements varies, reflecting their repetition within the text
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Figure 3.15 – Word cloud before the cleaning process

Figure 3.16 – Word cloud after the cleaning process

3.5.3 Analysis of the books network for the State of American (Every

body) :

Text network data analysis

It is clear from Figure 3.17 that there is a difference in the importance of the terminological

vocabulary that has settled in American state books (Every body), where the word “ask”

occupies the first place, while the word “family” comes in the last place. These results can be

used as a guide in determining the author’s level of interest in this vocabulary and treating it

in more detail than the rest of the vocabulary.

67



Chapitre 3 Explaining the work and presenting the results

Figure 3.17 – A table representing the frequency of the words that appear most frequently

in American (Every body)

Graphical representation of the text network

The network illustrates the density of concepts used in educational programs and provides

a comprehensive view of the nature of the educational content. It shows that "Every Body"

programs prioritize teaching reading, writing, educational ethics, and family values.

Figure 3.18 – Concept network
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3.6 A comparison between textbooks (reading books)

for the primary stage in Arab countries and foreign

countries :

3.6.1 Forming a word cloud for arab books :

A word cloud before processing is shown in Figure 3.19

What is clear from the cloud is that the texts of the books before treatment contained many

Figure 3.19 – Word cloud before the cleaning process

prepositions, pronouns and words that do not belong to the terminological field of education.

After treatment, terms related to education began to appear more clearly. See Figure 3.20.

After the prepositions, pronouns, and words that lacked a meaning in and of themselves were

squared in Figure 3.20, we see that they were absent after the treatment processes, so important

terms emerged such as ÉÒm.
Ì'@ ,I.

�
J» @ @ ,�A

	
JË @ ,

�
é�PYÖÏ @ ,

	
àA�

	
�B


@ ,

�
é�

�
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�
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Figure 3.20 – Word cloud after the cleaning process

3.6.2 Analysis of the books network for the Arab countries :

Text network data analysis :

It is clear from Figure 3.21 that there is a difference in the importance of the terminological

vocabulary that populated the books of arab , where the word " �èYgñË@" occupies the first

place, while the word " 	YJ
ÓC
�
JË @" comes in the last place. These results can be used as a guide in

determining the author’s level of interest in this vocabulary and treating it in more detail than

the rest of the vocabulary.
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Figure 3.21 – A table representing the frequency of the words that appear most frequently

in Arab

Graphical representation of the text network

The network sheds light on the density of concepts used in educational programs and pro-

vides a comprehensive view of the nature of the educational content. It appears that educational

programs in Arab countries focus significantly on teaching reading, writing, and educational

ethics, as well as moral, religious, and national values

Figure 3.22 – Concept network
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3.6.3 Forming a word cloud for foreign books

Figure 3.23 – Word cloud before the cleaning process

From Figure 3.23 we notice the presence of words that have no importance, in addition to

individual letters of the alphabet, so we had to remove them in order to obtain concepts of

greater importance. See Figure 3.24

Figure 3.24 – Word cloud after the cleaning process

We notice the presence of terms such as : practice ,answer , read, ask ,play , School, review and

others. The size of these elements varies, reflecting their repetition within the text.
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3.6.4 Analysis of the books network for the foreign countries

Text network data analysis

Figure 3.25 – A table representing the frequency of the words that appear most frequently

in foreign

It is clear from Figure 3.25 that there is a discrepancy in the importance of the conventional

vocabulary that has settled in foreign books, where the word “write” occupies the first place,

while the word “thank” comes in the last place. These results can be used as a guide in deter-

mining the author’s level of interest in this vocabulary and treating it in more detail than the

rest of the vocabulary.
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Graphical representation of the text network

The network highlights the density of concepts used in educational programs and provides

a comprehensive view of the nature of the educational content. It indicates that educational

programs in foreign countries focus significantly on teaching reading, writing, and educational

ethics, in addition to promoting values of cooperation and friendship

Figure 3.26 – Concept network
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3.7 results

Based on the analysis of the concept network, we can conclude that Arab and foreign educa-

tional programs share many common goals and core contents such as teaching ethics, reading,

and writing. However, differences emerge in cultural and societal contexts. For example, Arab

programs emphasize religious education and fostering patriotism as part of their curriculum,

while foreign programs may focus on different values or diverse cultural orientations. These

differences reflect the varied interests and values that each country seeks to promote through

its educational system, highlighting the broad cultural and social diversity worldwide

3.8 Conclusion

This is the competent educational method in education to better understand the content of

educational curricula and design more effective and effective programs. It also helps in identi-

fying the strengths and weaknesses of each educational program, thus directing work towards

improving educational performance and quality of education.
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CHAPITRE 4

ENVIRONMENT AND OFFICES USED FOR

DEVELOPMENT

4.1 Introduction

In this chapter, we will delve into programming languages and the specialized tools required

for implementing and realizing this project. We will utilize the Python programming language

to materialize our project using the pychmar development environment. Additionally, we will

provide images of the code used in the project to clarify the programming process.

4.2 Python

Python is a very versatile and widely used programming language, popular in a variety

of fields such as web development, data science, and artificial intelligence. It is well designed

and can be used for real world programming[23]. It is a very high-level, dynamic, object-

oriented, compiler-based programming language that can be used in very diverse fields. Python

is designed to be easy to understand and use, and has recently been considered a user- and

beginner-friendly language. Python has gained popularity as a beginner’s language and has

taken Java’s place as the most popular educational language. As a dynamic type language,

Python is really flexible. Furthermore, Python allows for fault tolerance, allowing you to compile

and run your program until you get to the problem part. This language can support different

styles of programming including structured and object-oriented programming. Other styles can
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be used as well. Python is very flexible, due to its ability to use modular components that were

designed in other programming languages. For example, you can write a program in C++ and

import it into Python as a module. Then add something else to it (eg design a GUI for it)[24].

Figure 4.1 – python logo[10].

4.3 NLTK

NLTK is a Python library designed for fast and easy processing of Natural Language text.

Initially developed at the University of Pennsylvania, it serves as both a research and teaching

tool for natural language processing. NLTK comes with an extensive collection of built-in cor-

pora, encompassing various types of textual materials such as novels, news articles, network

chat transcripts, movie reviews, and more. This includes notable corpora like Brown’s Corpus,

Gutenberg’s Corpus, Inaugural Address Corpus, and Reuters Corpus (Kambhampati, 2019).

Additionally, NLTK offers user-friendly interfaces to access over 50 corpora and lexical resources

such as WordNet. Furthermore, NLTK provides a comprehensive suite of text processing libra-

ries for classification, tokenization, stemming, tagging, parsing, and semantic reasoning. It also

includes wrappers for integrating with industrial-strength NLP libraries and an active discus-

sion forum. By collaborating with Python’s robust standard library and third-party libraries,

NLTK facilitates secondary processing of its results [25].
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Figure 4.2 – nltk logo[11].

4.4 Matplotlib

Matplotlib stands out as one of Python’s most widely utilized data visualization libraries.

Originally crafted by John Hunter, alongside numerous contributors, it has undergone signi-

ficant development to become an essential tool for scientists and researchers worldwide .Mat-

plotlib serves as a crucial component within the Python data science ecosystem, seamlessly

integrating with NumPy, Pandas, and other pertinent libraries[26].

Figure 4.3 – matplotlib logo[12].

4.5 Word Cloud

A word cloud is essentially a visual representation of text, commonly used in various

contexts, particularly in text analytics. Typically, word clouds are generated from a body of

text, offering a summarized view of isolated words without considering their linguistic meaning

or relationships. They are often employed in text summarization and provide insights into the

frequency and relevance of words within a specific context or research area. Word clouds, along

with their variations like letter clouds, offer statistical analysis but usually lack interactive
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capabilities[27].

Figure 4.4 – Word Cloud logo [13].

4.6 Networkx

NetworkX is a Python package that enables the creation, manipulation, and examination

of complex networks. It utilizes a "dictionary of dictionary" data structure and is implemented

purely in Python. Initially developed by Aric Hagberg, Dan Schult, and Pieter Swart between

2002 and 2003, it was officially released in April 2005, with its background elucidated in a

research paper by Hagberg et al. (2008). NetworkX stands out as the most prominent Python

package for network analysis, offering a plethora of algorithms and comprehensive documenta-

tion. Several books, including Caldarelli and Chessa (2016), Al-Taie and Kadry (2017), Fouss

et al. (2016), and Tsvetovat and Kouznetsov (2011), are grounded in its capabilities. Widely

regarded as the standard tool for network analysis in Python, NetworkX is particularly suited

for analyzing small to medium-sized networks containing up to millions of nodes[28].

Figure 4.5 – networkx logo[14].

4.7 Arabic reshaper

The Arabic reshaper library is a Python library used for reshaping Arabic text and right-

to-left (RTL) text in a proper and Arabic language standards-compliant manner. This library

helps improve the representation of Arabic text on graphical interfaces and in texts relying on

Arabic text encoding, making it more readable and understandable[29].
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Figure 4.6 – Arabic reshaper logo [15].

4.8 Bidi algorithm

The Bidi (Bidirectional) algorithm is used to process text written in languages that are read

from right to left (such as Arabic and Hebrew) and left to right (such as English) within the

same text. This algorithm is essential for determining the correct order of characters and words

to ensure proper reading and display of text in computer interfaces and applications

The basic principle of the Bidi algorithm is to divide the text into different levels of directiona-

lity (from right to left and vice versa), and then apply the appropriate ordering for characters,

words, sentences, and paragraphs based on the direction of each level. This is achieved by using

special directionality markers added to the text to specify the correct direction for each part of

the text.

The goal of the Bidi algorithm is to provide a unified and effective way to display texts writ-

ten in different languages correctly on digital interfaces, making it easier for users to understand

the text and interact with applications more effectively[30].

Figure 4.7 – Bidi algorithm logo[16].
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4.9 pycharm

PyCharm is a popular integrated development environment (IDE) for Python programming,

featuring several developer-friendly features, including[17] :

— Smooth code completion for both built-in and external packages.

— Support for breakpoints and viewing SQL representations of user expressions.

— Easy checking of recent changes with highlighted differences between the last commit and

the current state.

— Ability to run .py files outside the editor with code coverage tracking.

— Visual display and management of installed packages.

— Local history tracking changes similar to Git.

— Smooth refactoring support with various shortcuts.

— A comprehensive user interface for creating and importing projects.

Figure 4.8 – pycharm logo [17].
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4.10 Some parts of the codes used

Figure 4.9 – Read a file in English

Figure 4.10 – Read a file in arabic

Figure 4.11 – List of offices
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Figure 4.12 – Post-processing word cloud formation

Figure 4.13 – Display the post-processed word cloud in addition to word repetition
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4.11 Conclusion

In conclusion, this chapter provided insights into programming languages and the essential

tools necessary for the execution and realization of our project. By using the Python program-

ming language within the Visual Studio Code environment, we presented a practical application

of our project. Additionally, the inclusion of illustrative images showcasing the code used in the

project enhances the understanding of the programming process. In conclusion of this chapter,

we emphasize the importance of proficiency in programming languages and the utilization of

appropriate tools to effectively implement software projects
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GENERAL CONCLUSION

The analytical study that you presented to us in this memorandum highlights the im-

portance of using computer information technologies in analyzing the network of concepts in

educational programs, and highlighting the differences and similarities between Arab and fo-

reign programs by omitting the use and results achieved. We realize that these elements are an

important part of improving the quality of education and developing studies programs,Based

on the analysis of the conceptual network, we can conclude that Arab and foreign educational

programs share many common goals and basic contents such as teaching ethics, reading, and

writing. However, differences appear in cultural and societal contexts. For example, Arab pro-

grams emphasize religious education and the promotion of patriotism as part of their curricula,

while foreign programs may focus on different values or diverse cultural orientations. These

differences reflect the diverse interests and values that each country seeks to promote through

its education system, highlighting the vast cultural and social diversity across the world.

The results show that using computer processing techniques to extract word clouds and network

textures can contribute to analyzing the structure of educational programs more effectively, and

provide valuable insights into the distribution of concepts and the relationships between them.

The study also shows that there are great opportunities to enhance the use and development

of these technologies in the Arab context to achieve the best results.

By applying the recommendations resulting from this study, educational programs can be im-

proved and their quality and effectiveness enhanced, which contributes to improving the lear-

ning experience for students and preparing them for a better future. With our commitment to

continuous research and development in the field of computer processing for concept network

analysis, we can achieve sustainable development in education and enhance learning across

cultures and societies.
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