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Abstract

This article focuses on the analysis of textual data and the extraction of lexical semantics. The techniques provided by different lexical statistics tools, such as Hyperbase (Brunet), today opens the door to many avenues of research in the field of corpus linguistics, including reconstructing the major semantic themes of a textual corpus in a systematic way, thanks to a computer-assisted semantic extraction. 

The object used as a testing ground is a corpus made up by the literary work of one of France most famous contemporary writers: Jean-Marie Le Clézio, 2008 Nobel Prize Winner in Literature. The literary production of Le Clézio is vast, spanning more than forty years of writing and including several genres. The corpus consists of over 2 million tokens (51,000 lemmas) obtained from 31 novels and texts by the author. 

1. Introduction
The techniques provided by lexical statistics tools, such as Hyperbase (Brunet) today opens the door to many avenues of research in the field of corpus linguistics, including reconstructing the major semantic themes and lexical patterns of a textual corpus in a systematic way, thanks to a computer-assisted semantic extraction. 

The object used as a testing ground is a corpus made up by the literary work of one of Frances most famous contemporary writers: Jean-Marie Le Clézio, Nobel Prize winner 2008. The literary production of Le Clézio is vast, spanning more than forty years of writing and including several genres. The corpus consists of over 2 million tokens (51,000 lemmas) obtained from 31 novels and texts by the author. 

Beyond the literary and genre dimensions, the corpus is used here as a field of experimentation, and to implement a different methodological application. A key issue in this article is to focus on various forms of approximation of lexical items in a text corpus: what are the various constellations and semantic patterns of a text? Here we try to take advantage of the latest innovations in the analysis of textual data to apply different French corpus theories as “isotopies” (Rastier 1987-1996) and “isotropies” (Viprey 2005). 

The automatic extraction of collocations and the micro-distribution of lexical items encourage the further development of different methods of automatic extraction of semantic poles and collocations: on one side by the extraction of thematic universes, revolving around a pole, on the other side by the extraction of co-occurrences and sequences of lexical items. 

2. The corpus
The Clézio corpus of 31 books consists of fifteen novels: Le procès-verbal, La fièvre, Le déluge, Le livre des fuites, La guerre, Voyages de l’autre côté, Désert, Le chercheur d’or, Voyage à Rodrigues, Angoli Mala, Onitsha, Etoile errante, La quarantaine, Poisson d’or and Hasard. Mydriase and Vers les icebergs have a more poetic character. The corpus even includes short stories: Mondo et autres histoires, La ronde et autres faits divers and Printemps et autres saisons. The literary essays L’extase matérielle and L’inconnu sur la terre deal with general themes, whereas Trois villes saintes and Le rêve mexicain ou la pensée interrompue focuses on Native American culture. The American Indian culture is also the main focus of Le Clézios ethnological works; Les prophéties du Chilam Balam and La fête chantée, whereas Sirandanes focuses on the culture of Mauritius. Two books for children are also included in the corpus: Voyage au pays des arbres and Pawana, the only biography Diego et Frida and the travelogue Gens des nuages.
This large corpus has been scanned and processed by the Hyperbase software in its 6.5 version. Hyperbase is one of the most efficient French lexical statistics tools for quantitative treatment of large textual corpora. It allows two dimensions of investigation and analysis on a corpus; a pure hypertextual dimension combined with a full statistical dimension. The statistical processing can serve as a platform for various studies. While Hyperbase was originally created for literary corpora, it is today used in various fields of research, for example sociology, psychology, history and political sciences, where a formal discourse analyses is required. The hypertextual dimension focuses on documentary operations such as obtaining contexts and matches. The distribution of a lexical item can be studied in all of the texts simultaneously and viewed through graphical applications. The statistical exploration tools offer the possibility of various statistical analyses; not only the traditional ones, such as lexical richness, lexical distance or connection, chronological correlation etc., but also a method of analyzing lexical specificities, compared to an external reference corpus, as well as in an endogenous perspective, within the corpus itself. Hyperbase processes different outputs such as lexical forms, lemmas, grammatical codes and syntactic chains. This corpus has been lemmatized and tagged with Tree tagger.[1]

2 Co-occurrences
The different statistical applications used by Hyperbase allow different approaches to semantic themes, or lexical microcosms, within a corpus. First of all, Hyperbase provides not only the immediate extraction of lexical correlates but it also makes it possible to extract all terms located in the immediate environment of a given lexical item. 

It is important to underscore that we are not only interested in extracting the most frequent tokens of a corpus or to point out co-occurrences by pairs as an indicator of semantic proximity or an idiomatic expression, well known as one of the major issues of lexical statistics as well as a prominent tool in literary research and discourse analyses. We are here interested in the correlation between two or more items, to extract patterns of semantic proximity or even “lexical proxemics”. 

The Hyperbase approach is an approach based on correlates, in the same way that the Alceste[2] software approaches co-occurrence patterns in a corpus. Rather than relying on a segmentation based on a previously established thesaurus, in this type of analyses, the different lexical items of a corpus recognize, “by themselves”, their proximity, simply by locating their neighbourhood in the same contexts.

The program begins by establishing a list of words (nouns or adjectives which are neither too few or too frequent) and register all the occurrences of them appearing on the same page[3]. A link is established between two lexical items when they tend to meet. The calculation takes into account the number of co-occurrences, and the record is kept in a table where the same elements are registered in the rows and columns. 
The choice of the page as a reference allows us a partial from the syntactic constraints imposed by the choice of a shorter linguistic unit (phrase, sentence or paragraph). The elimination of very common words and function words also helps to focus on semantic relations or thematic proximity rather than syntactic dependency relations. The division in sub-corpora, or different texts, is also ignored.

The long-distance “cohabitation” of lexical items within the same text does not interfere in this calculation. We are only taking into account the close proximity on the same page, where lexical isotopes are most likely to be spotted.

The choice of items is automatically generated by the program. Depending on the size and the extent of the corpus, the program retains between 200 and 400 candidates (all of them nouns or adjectives). The second phase consists of a sequential exploration of the corpus. In each page it tests the presence or absence of items in the list, noting the co-occurrences. At the end of this process a list of co-occurrence items is obtained, as shown in Figure 1:
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Figure 1: Co-occurrences in the Le Clézio Corpus
 
The semantic associations are hardly surprising for anyone who knows about Le Clézios writing and authorship, we find in first place nu – pied (bare – foot), followed by femme – homme (man - woman), ciel – nuage (sky – cloud). Essentially, we find elements of nature and the parts of the body present in this list and the co-occurrence associations are very relevant. 
 
The factor analysis allows a more synthetic illustration of the lexical relation pattern[4]. The picture obtained for our Le Clézio corpus is quite hectic, but the interpretation is yet fairly clear. Indeed, from left to right one passes from the concrete to the abstract: elements of nature) (récif, plaine - cliff, plain) and those built by humans, elements like (trottoir, escalier - sidewalk, staircase), parts of the human body towards the right, then the feelings and finally reflection, art and creativity. As to the second factor it seems separate society and social life from what belongs to the individual. 
This same structure is also found in other literary corpora built on monographs, like Proust, Flaubert, Gracq and Zola. This very distinct lexical pattern should be seen as a genre phenomenon. The different works are not at all sharing the same themes, but this pattern is a reflection of a specific genre; the novel. A novel, by its structure, will necessary include, in the same work, narrative, descriptive and reflexive pages as well as dialogues. Whoever the author is, these components are necessary to build a novel.[5] 
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Figure 2: Factor analysis of the co-occurrences
Furthermore, we might also consider lexical proximity, not solely based on frequencies, but by a different approach, based on that of the study of sequences. This analysis considers associations of words in their immediate environment, ignoring the partition of the texts. 

 

2. Thematic associations
The extraction of correlates links together, as we have just mentioned nouns or adjectives that are neither rare nor too frequent in the corpus, in order to create a network of lexical items serving as a basis for the subsequent calculations:
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Figure 3: Co-occurrences to the lexical item ciel (sky)
If we choose a noun in this list, the program calculates the strongest associations and links to/with the pole. For instance, the pole ciel (sky) reflects very well a characteristic theme of Le Clézios writing. The lexical items closest to the pole are : 

 

ciel, nuage, soleil, mer, terre, lumière, étole, horizon, oiseau, vent, couleur, eau, avion, montagne, lune, espace, centre, fumée, éclair, nuit, femme, colline, fleuve, vallée, toit, étendue, arbre, plaine, ligne, pluie, vague, sable, pierre, herbe, main, désert, lueur, gens, droit, fond, dune, aile, brume

(sky, clouds, sun, sea, land, light, stole, horizon, bird, wind, color, water, air, mountain, moon, space, center, smoke, lightning, night, woman, hill, river, valley, roof, scope, tree, plain, line, rain, vague, sand, stone, grass, desert hand glow, people. right, bottom, dune, wing, fog)
 

The following figure provides a graphical representation of preferential links, weaving a sort of network around the word chosen as a pole, such as the item ciel (sky), here below: 
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Figure 4: Semantic associations of the pole ciel (sky)
This calculation and its graphic representation in a tree model, with knots and arcs is made out by the free software Graphiz.[6] Data is input and the basic results are taken up by Hyperbase in a graphical representation which takes into account not only the positions but also the “weight” of the position.[7] .
The words in red reflect high score co-occurrents in direct contact with the pole, and those in black with less frequent co-occurrents nodes but still with direct contact with the pole. Bold lines correspond to the direct co-occurrences with the pole and thin to indirect co-occurrences and the co-occurrents to the co-occurrents. 

We have therefore in this graph, not only the proximity of the lexical items, but also their force of proximity. The strongest links around ciel (sky) are vent (wind), terre (earth), soleil (sun), colline (hill) and lune (moon). The figure also makes it possible to identify links that have co-occurrents with other lexical items, ciel (wind) being linked to voile (sail), to souffle (breath), to visage (face) to vallée (valley) etc.

But we might also have a different approach to a co-occurrential microcosm. Let’s take the same lexical item, the lemma ciel (sky), one of the most frequent in the Le Clézio corpus. This time we let Hyperbase extract the immediate context, the paragraphs, that surround the 2,949 occurrences of lemma ciel (sky):
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Figure 5: The contextual sub-corpus of the lemma ciel (sky), morpho-syntactic codes)

In fact, extracting the immediate surrounding of a lexical item in a corpus allows the creation of a sub-corpus, where all the lexical items are subject to a calculation of the lexical specificity. Since we no longer look for a relationship between a word and a text, but a relationship between the words themselves – that is also what measures the correlation calculation, when two series are juxtaposed in the same graph. However, this procedure is not reduced to two words confronted against each other but to all the words found in the surroundings of a predefined word, or of a group of words that is defined as the pole, as ciel (sky) is here.

When we extract the entourage of ciel (sky), here the paragraph, we obtain a discontinuous file of 300,000 tokens, a sub-corpus consisting of the words that revolve around the pole. This corpus is to be compared to the Le Clézio corpus in whole, which is 8 times larger. After statistical treatment we obtain two lists, hierarchical left, alphabetical right, juxtaposed in the Figure 6:
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Figure 6: The thematic environment of the lemma ciel (sky)

This list,[8] will not surprise a reader of Le Clézio. First of all, we find le (the), then items reflecting nature as ciel (cloud), soleil (sun), mer (sea), terre (land), étoile (star), oiseau (bird), vent (wind) etc. We also find the colors, bleu (blue), gris (gray), noir (black), essential for Le Clézio’s very visual descriptions of the natural elements. 
We then make the same calculation as before, concerning the co-occurrents, this time taking the thematic environment of the pole, our new sub-corpus, as the base for the calculation:
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Here the calculation is performed in the same way as in the former example, but it takes into account the thematic environment, i.e. the paragraph surrounding the pole ciel (sky). The following figure shows the different semantic links, their strength and their constellations:
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Figure 7: The co-occurrences constellation of the pole ciel (sky)

Figure 7 looks quite like Figure 4, but with quite significant changes, especially when we look at the strength of the links. The nearest lexical item is here mer (sea) which in its turn has links with other lexical items in this sub-corpus.

To better illustrate the different levels of attendance between lexical items we will use another example. The word amour (love) appears 850 times in our corpus. The closest co-occurrents to this are: mort (death), vie (life), beauté (beauty), désir (desire), rêve (dream) and corps (body). 
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Figure 8: Semantic proximity of amour (love)

We see here not only the strong co-occurrential links to ciel (sky) with words like vie (life), rêve (dream), mort (death) and corps (body), but the graphic picture also points out the secondary constellations, the “friends of the friends” of the pole. For instance, the item corps (body) almost creates its own semantic constellation, with the different parts of the body: épaule (shoulder), pied (foot), jambe (leg), visage (face), bras (arm), main (hand) etc.
5. Conclusion
These different ways to consider semantic associations and thematic environments within a corpus allows us not only to compare different statistical calculations, but also to provide evidence as to the solidity and the reliability of these kinds of analyses. The results are often very similar and complement each other, and indeed such studies provide a solid base for the study of the lexical isotopes and collocations in a text.

Lexical statistics have made much progress; we can now tend to consider the text as a systematic structure or as an organized space. The quantitative data treatment, with its comparisons and its automatic classifications, also takes into account the systematic dimension of the linear structure of the texts, as well as the internal dynamic and the progress of the text. 

Therefore, we can conclude that if the statistical treatment of occurrences of a corpus makes it possible to make a formal description, the statistical analysis of the co-occurrences and the semantic proximity of lexical items make significant progress possible. It even makes it possible to take the step from semantics to phraseology. This is also why these techniques constitute a valuable asset for semantic analysis of a text.
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[1] For more information about this software see
www.ims.uni-stuttgart.de/projekte/corplex/TreeTagger

[2] For more details see Reinert M. Notice of Alcestis. 

[3] Cf. E. Brunet, Hyperbase manual.

[4] Cf. E. Brunet, Hyperbase manual, the program LX2ACL.EXE that was added to the software is not limited as the previous to 75 columns. It has set the upper threshold at 400 but we could double that figure, in order to make the result more readable. 
[5] E. Brunet has already found and well documented this phenomenon in his studies of the authors of the 19th century.

[6] Cf. Brunet , Manuel Hyperbase and s. Heyden, Weblex Notes.

[7] The measurement of the co-occurrence is borrowed from the method proposed by Dunning in 1993. This index is based on four settings
-a: co-occurrences number of two words in searched field (here the paragraph)
-b: number of occurrences of first word in the absence of the second
-c: number of occurrences of the second in the absence of the first word
-d: number of occurrences of other words VR = - 21ogL = 2(sl-s2)
for s 1 = has a + b b + c log log log c + d log (d) + (a + b + c + d) log(a+b+c+d)
S2 = (a + c) log(a+c) +. (b + d) log (b + d) + (a + b) log(a+b) + (c + d) log (c + d)
From value 4, the Dunning index is considered as random, beyond the 5 % threshold.

[8] The file where the pole (file DATA1.TXT) contexts is here examined paragraph after paragraph. And the calculation of the co-occurrences is established (not retaining only codes 1,) (2 and 3 (nouns, verbs and adjectives)). To ensure that the graph takes into account categories, it is necessary to first seek the contexts of a lemma and that the required results (contexts) should be in the form of chained lemmas from each other (and not from forms). However, the graph can also be shown based on lexical forms (excluding words of less than 4 letters).
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1e_7 croisée_2, serbler_I prét_3 &_9 se_5 détacher_1 et_3 &_9 se_5 abatire_l sur_9 notre_5 téfe_2
proces Page: 17a (Séme occ)

on_5 pouvoir_1 &_9 le_7 rigueur_2 se_5 sentir_1 caser_1 dans_9un_Ttrou_2 de_9 atrmosphére_2, bien_6 4 9 s0i_5 , sous_9 le_7 amoncellement_2 de_9le_7
terre 2, de_91e_7eau_2, et §du_9 CIEL 2
proces Page: 25a (6éme occ)

1e_7 CIEL_2 étre_l deuws 4 fois 2 trop_6 grand 3 , et 8 le 7 tere 2, par 9 endroit 2, particuliérement 6 au_9 alentour 2 de_9 le_7 ligne_2 de_9
montagne 2 qui_5 barrer_1 le 7 route_2 4 9 le 7 horizon_2 maritime_3 , éire_ mal 6 agencer_1 ; le_7 couleur_2 éire_l criard 3 et § le_7 volume_2
souvent_6 ajouter_I le_7 un_2 au_9 avtre_3 dans_9 un_7 drale_3 de_9 mépris_2 du_9 notion_2 le_7 plus_6 elémentaire 3 de_9 le_7 équiliore_2 et 3 de_3
Ie_7 perspective_2 ; on_5 sentir_| que_§ le_7 paysage 2 ne_6 manquer_l pas_6 un_7 occasion_2 , un_7 coucher_2 de_9 soleil 2 rose_3, un_7 éclipse_2
violacé_3, pour_8 ne_6 parler_1 que_8 de_9 cehii_5-14_6, de_9 éire_1 melo_32_9 bon_3 marché_2

proces” Page: 69a (Jeme occ)

et 8 le_7 bombe_2 qui_5 tornber_I sur_9 le_7 port_2 quand_§ je_5 avoir_| huit 4 an_2 et_8 que_8 je_5 trembler 1 et_8 que_8 le_7 air_2 trembler_1 et 3
que_8 tout_5 le_7 terre_2 trembler_l ef_8 se_5 balancer_1 devant 3 le_7 CIEL_2 noir_3 ?
proces Page: 77b (3éme occ)

4 L garder 1 e 0 I de dobler 1 de 0l he 3 tesiner | horizontalement
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