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The objective of this thesis is to study the influence of perceptive and psycholinguistic factors on color, considered as a cognitive construction. Millions of hues can be discriminated while less than a hundred color terms are used. The origin of the eleven basic color terms identified in the literature is still debated, but may be more perceptive for the unique colors black, white, red, green, yellow and blue, and linked to cultural and linguistic consensus for orange, brown, purple and grey. Color may also have an emotional dimension, as suggests the expression "seeing red". In this work, a first study investigated the conceptual organization of the 11 basic color terms. Participants had to provide proximity levels for each two-by-two pairs of the terms. Results showed that the conceptual color space is correlated to the perceptual color space for all unique colors but yellow. Other basic colors were organized based on perceptive factors, and also cultural ones, in relation to their association with certain concepts or semantic knowledge. A second study focalized on familiarity and emotional valence of basic and non-basic colors presented as words or as patches. Familiarity and arousal were higher for basic colors presented as words, which may be explained by a more accessible conceptualization than for non-basic colors and patches. Measures of emotional valence and associations with the six basic emotions for 33 color words and 33 patches, basic and non-basic, are provided as a potential tool for future research. A third study applied to the Arts and Science field, investigated a medieval pigment with a flat reflectance spectrum, but for which matchings and denominations confirmed an illusory blue for half of observers. A Stroop task was adapted to test perceptive and semantic effects on the presence of this illusion. Congruency effects were obtained upon association of this pigment as much with the word grey as with the word blue. Results showed (a) an anchoring of responses to the ambiguous hue biased towards the most resembling available category, testifying to the elasticity of color representation, and (b) that the congruence effect in the Stroop task also depended on perceptive factors, such as a color contrast created by manipulating background color during the task. On the whole, these results bring new elements specifying the interaction of perceptive and psycholinguistic processing in the interpretation of the colored environment.

DES COULEURS ET DES MOTS : INFLUENCES PERCEPTIVES ET SEMANTIQUES DANS LE TRAITEMENT COGNITIF DE LA COULEUR

Résumé

L'objectif de cette thèse est d'étudier l'influence de facteurs perceptifs et psycholinguistiques sur la couleur, en tant que construction cognitive. Des millions de teintes peuvent être discriminées alors que moins d'une centaine de termes de couleur existe. L'origine des onze termes basiques identifiés dans la littérature reste débattue, mais serait plutôt perceptive pour les couleurs uniques noir, blanc, rouge, vert, jaune et bleu, et liée à un consensus culturel et langagier pour orange, marron, rose, violet et gris. La couleur aurait aussi une dimension émotionnelle, comme le suggère l'expression langagière « voir rouge ». Dans ce travail, une première étude a examiné l'organisation conceptuelle des 11 termes de couleur basiques. Les participants devaient fournir le niveau de proximité entre chacun des termes pris deux-a-deux. Les résultats ont montré que l'espace coloré conceptuel était corrélé à l'espace coloré perceptif pour toutes les couleurs uniques sauf le jaune. Les autres couleurs basiques s'organisaient selon des facteurs perceptifs, ainsi que culturels, en relation avec leur association à certains concepts ou connaissances sémantiques. Une deuxième étude a permis de préciser la familiarité et la valence émotionnelle de couleurs basiques et non-basiques présentées sous forme de mots ou de patchs. La familiarité et l'arousal étaient supérieurs pour les couleurs basiques présentés sous forme de mots, suggérant une conceptualisation plus accessible que pour les non-basiques et les patchs. Des mesures de valence émotionnelle, arousal, familiarité et d'association aux six émotions basiques pour 33 mots et 33 patchs de couleurs basiques et non-basiques sont fournies comme outil potentiel pour de futures recherches. Une troisième étude appliquée dans le domaine Arts et Sciences se focalise sur un pigment médiéval ayant un spectre de réflectance plat, mais dont des appariements et dénominations confirment une illusion de bleu pour la moitié des observateurs. Une tâche de Stroop a été adaptée pour tester les effets perceptifs et sémantiques sur la présence de cette illusion. Des effets de congruence ont été obtenus en associant ce pigment au mot gris tout comme au mot bleu. Les résultats montraient (a) un ancrage des réponses à la teinte ambigüe vers la catégorie disponible la plus ressemblante, témoignant de l'élasticité de la représentation de couleur, et (b) que l'effet de congruence de la tâche de Stroop dépendait également de facteurs perceptifs, tel un contraste coloré créé en manipulant le fond d'écran. Dans l'ensemble, les résultats amènent de nouveaux éléments précisant l'interaction des traitements perceptifs et psycholinguistiques dans l'interprétation de l'environnement coloré.
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La couleur n'est pas une entité directe émanant de l'environnement mais un phénomène sujet à de continuelles interprétations et constructions de la part de l'observateur. Ceci est démontré par le faible nombre de termes de couleurs existants pour catégoriser un nombre de teintes presque infini (Berlin & Kay, 1969), l'existence d'illusions colorées dues à des effets perceptifs tel que le contraste simultané (voir Kitaoka, 2010), ainsi que des effets sémantiques comme ceux de « couleur-mémoire » [START_REF] Witzel | Memory Color[END_REF]. Par ailleurs, la couleur est traditionnellement liée à une dimension émotionnelle, ce qui est particulièrement saillant au niveau langagier, comme en témoigne par exemple l'utilisation de l'expression « voir rouge ».

Les catégories de couleurs sont ainsi définies tant par les contraintes de l'espace coloré perceptif que par les conventions linguistiques (Jraissati & Douven, 2017). L'aspect conceptuel de la couleur (voir e.g., [START_REF] Rosch | Natural Categories[END_REF][START_REF] Whorf | Language, thought, and reality: Selected writings[END_REF] influence notre perception de la couleur dans l'environnement, soit de manière directe par l'effet des noms de couleurs (e.g., Gilbert et al., 2007;Lupyan, 2012), soit par l'association du percept à des objets variés possédant certaines couleurs prototypiques (Goldstone, 1994;[START_REF] Witzel | Memory Color[END_REF]. Cette association des concepts de couleur à d'autres concepts en mémoire signifie que la couleur véhicule non seulement des informations sémantiques provenant des autres objets mais pourrait aussi véhiculer des informations émotionnelles, par apprentissage associatif, à l'échelle ontogénétique [START_REF] Palmer | An ecological valence theory of human color preference[END_REF].

Cependant, beaucoup d'études portant sur la couleur et son association avec les émotions contrôlent peu la dimension colorée, utilisant soit uniquement des mots soit des patchs mais sans se baser sur un étalon (Kaya & Epps, 2004). Par ailleurs, l'interprétation de l'environnement visuel et l'utilisation d'indices sémantiques pour reconstruire une cohérence colorée malgré des changements incessants de l'illumination [START_REF] Hansen | Memory modulates color appearance[END_REF], donne parfois lieu à des erreurs [START_REF] Carbon | Understanding human perception by human-made illusions[END_REF].

Ces illusions colorées ont parfois été tirées à profit par les artistes cherchant à simuler l'environnent visuel dans leurs oeuvres (Valladas et al., 2001;Mounier, Daniel & Bechtel, 2009).

La première étude réalisée dans ce travail de thèse visait a déterminer l'organisation conceptuelle des mots de couleurs, en cherchant notamment s'il existait des différences entre cette organisation conceptuelle des mots de couleurs basiques l'organisation des couleurs dans l'espace coloré perceptif, c'est-à-dire l'organisation des couleurs consensuelles focales dans l'espace La*b*. L'objectif était de déterminer les facteurs principaux expliquant l'organisation subjective des mots de couleurs basiques. Est-ce que malgré un traitement cognitif plus profond engendré par le mot, les facteurs perceptifs, tels que des dimensions d'opposition colorée (rouge-vert, jaune-bleu) ou de luminance (noirblanc, sombre-clair) suffisent, ou est-ce que d'autres facteurs plus culturels entrent en jeu ?

Afin de répondre à cette question nous avons demandé à des participants d'évaluer la proximité entre chacune des onze couleurs basiques de la langue française ; spécifiées par leur nom de couleur, en utilisant une échelle visuelle analogique allant de 0 (proche) à 100 (loin). Ces proximités ont été comparées entre-elles ainsi qu'avec les proximités des couleurs focales de chaque concept, représenté par une coordonnée dans l'espace L*a*b.

Les résultats ont montré une corrélation entre distances perceptives et conceptuelles pour les couleurs achromatiques noir et blanc, ainsi que pour les couleurs uniques rouge, vert et bleu alors que, pour le jaune et pour les autres couleurs basiques non-uniques (gris, orange, rose, violet, marron), il n'y avait pas de corrélation entre distances perceptives et conceptuelles. Cela pourrait être dû à une saillance plus élevée de ces couleurs uniques par rapport aux autres couleurs. En effet, ces couleurs ont un statut particulier, privilégiées lors de tâches non-langagières (Regier, Kay & Cook, 2005), vraisemblablement grâce à certains neurones répondant spécifiquement aux couleurs rouge, vert et bleu unique (Stoughton & Conway, 2008). Pour les autres couleurs basiques qui ne sont pas uniques (gris, orange, rose, violet, marron), il est possible que le sujet se base davantage sur des aspects culturels, par exemple l'opposition rose-bleu liée au genre dans la culture occidentale récente [START_REF] Pastoureau | Le petit livre des couleurs[END_REF] ou bien sur des connaissances concernant le mélange des couleurs. Ainsi, les résultats de cette première étude indiquent que l'organisation des concepts de couleur dépend de contraintes perceptives et culturelles, surtout pour les couleurs non uniques.

La seconde étude avait pour objectif principal de déterminer les associations entre des couleurs basiques ainsi que non-basiques, présentées sous une forme conceptuelle ou perceptive, et des dimensions émotionnelles estimées par les participants. Les recherches portant sur la couleur et les émotions ayant parfois manqué de contrôle soit des émotions explorées soit des stimuli colorés (Kaya & Epps, 2004), nous nous sommes intéressés à plusieurs dimensions émotionnelles, comme la valence positive et négative (e.g., [START_REF] Kron | How Are You Feeling? Revisiting the Quantification of Emotional Qualia[END_REF]), l'arousal (e.g., Russel, 1980) dimension "chaud"/"froid" sur l'arousal [START_REF] Terwogt | Colors and Emotions: Preferences and Combinations[END_REF], Kaya & Epps, 2004). An interest in defining color has been ongoing since Antiquity, and the concern of a variety of disciplines including philosophy, physics, biology, anthropology, linguistics, and not surprisingly, the arts [START_REF] Conway | A tour of contemporary color vision research[END_REF].. In this first part we will attempt to describe the development of color research and the various theories that have been considered to explain the phenomena. We will then develop upon recent considerations concerning the transformation of the physical entity of light into the psychological entity of color, and present elements pertaining to both sides of the debate on whether color is linguistic or perceptive.

A SHORT HISTORY OF COLOR AND COLOR RESEARCH

The first philosopher who wrote about the notion of color was Empedocles of Astragas (490-435 BC, see [START_REF] Gage | Color and culture: Practice and meaning from antiquity to abstraction[END_REF]. He considered colors to be a form of matter: "color will appear to us as produced by the encounter of our eyes with something that moves in the direction of our eyes. And any particular color which we see is neither the object which comes towards the eye nor the eye which is met, but rather something which is produced between them". Empedocles considered there were four basic colors; white, black, red and yellowish green. The question has arisen as to whether the Greeks could only perceive four colors or whether their language only provided those four categories. As will be developed later, it seems that the amount of abstract color words contained in various languages varies greatly depending on culture, and always following the same rule of acquisition. The four basic colors in the Greek language correspond to the four colors any language with four color categories would have, besides the fact that the observers could perceive many more nuances.

Later, Aristotle considered there to be seven basic colors, all of which were mixes of light and dark: white, yellow, red, green, blue, purple and black. Aristotle may be considered the first to scientifically interpret color; he believed a numerical system may organize hues between each other, in the same way numerical systems organize musical notes [START_REF] Crone | A history of color. The evolution of theories of lights and color[END_REF]. Roman color terminology developed from the Hellenistic ideas of color, with more than seventy different terms being used to describe architecture and painting. These color nuances, however, were still largely based on notions of lightness and reflectivity. It seems the Romans' interest in color, and thus their vocabulary, translated an interest in the reflective aspect of surfaces. In terms of hue, the dominance of purple seems to be specific to the Roman era, purple described the result of precious dye obtained from shellfish and quickly became a symbol of wealth, reserved for the highest members of society. However, it seems that the Latin term for purple "purpura", did not so much describe the hue itself but various reddish hues that were obtained by other means than deep red animal dye coccum [START_REF] Gage | Color and culture: Practice and meaning from antiquity to abstraction[END_REF]). It appears that though the first ideas of color hues as we conceive them today were indeed developed during the Hellenistic period, conceptions of color from the Roman period and on till much past the Middle Ages were above all based on mixes of light and dark, or linked to usage of specific hues [START_REF] Gage | Color and culture: Practice and meaning from antiquity to abstraction[END_REF][START_REF] Pastoureau | Bleu: Histoire d'une couleur[END_REF].

One particular appearance post-Middle-Ages is the arrival of blue as a specific term, even though blue pigments had been used for a long time. Artists seemed however to conceive blue based on the light/dark opposition. In the thirteenth century Ristoro d'Arezzo states that "though for scholars the sky should not have a color, let's see for what reason it seems blue. Painters that know colors, when they wish to simulate the blue color, put together two opposing colors, light and dark, and from this mix results blue." Titian himself managed to create a blue-grey by covering a white background with transparent black [START_REF] Gage | Color and culture: Practice and meaning from antiquity to abstraction[END_REF].

Developing upon the idea of color mixes and the fact that painters could use a limited number of dyes to obtain a large palette by mixture, in the seventeenth century, a number of physicians considered there were three basic colors: red, yellow and blue. Black and white, still considered colors, were however given different status. The triad thus became popular amongst painters and dyers of the time.

In the late seventeenth century, however, Isaac Newton contradicted the triad theory and put forwards that every ray in the luminous spectrum carries a specific color and the number of these colors is actually infinite [START_REF] Shamey | Newton, (Sir) Isaac[END_REF]. He came to this conclusion by observing rays of sunlight through prisms of glass that were split into violet, indigo, blue, green, yellow, orange, and red. He also found that upon recombining these colored lights through another prism, they reformed the original white light. More specifically, he developed the notion of three primary colors upon observing that only the red, green and blue regions were necessary to obtain white light, and mixing two colors between each other permitted obtaining other secondary colors. Newton developed a color wheel allowing comparison of all seven colors between each other and organized based on opposition (colors opposed on the wheel cancelled each other out, forming white, grey or black, see Figure 1). On his color wheel, Newton also proposed the possibility of illustrating the fullness of colors on the circle based on the distance between 0 and Z, if one observes color Y on the circle. The color wheel may be considered to be the first "space" organizing colors between each other in terms of hue and saturation and the ancestor of what would later become the chromaticity diagram [START_REF] Shamey | Newton, (Sir) Isaac[END_REF]. Newton was thus the first to bring in the idea of complementary colors red-green and yellow-blue. The concept filtered slowly into the artistic world and was picked up in the early nineteenth century by the French chemist Michel-Eugène Chevreul. He observed that tapestries that were being restored showed that grays appeared blue when such hues were surrounded by yellow and reddish hues (Daniel & Mounier, 2015).

Experimental psychology and psychophysics developed in the nineteenth century bring a new understanding to the science of color, particularly through the development of two new theories of color: trichromatic theory and opponent process theory. Trichromatic theory was developed in the nineteenth century by Herman Von Helmholtz upon the works of Newton, as well as previous research by Thomas Young concerning sensors for color in the eye [START_REF] Kuehni | Helmholtz[END_REF]. Young had considered that though color came in an infinity of differently colored rays, only three receptors existed in the eye; one for red, another for green and another for violet. Young considered thus that stimulation of all receptors produces perception of white, while stimulation of one or two receptors at varying degrees creates the variations in color [START_REF] Heesen | The Young-(Helmholtz)-Maxwell Theory of Color Vision[END_REF]. Helmholtz was the first color scientist to develop quantitative data concerning color relating color stimuli to percepts, with mathematical models and concepts as evidence. All the other colors that were seen apart from the three primaries were mixtures of these. Different activation patterns corresponded to the perception of different colors. The trichromatic theory explained basic types of color-blindness; protanopia (missing long wavelength receptors), deuteranopia (medium wavelength receptors) and tritanopia (the short wavelength receptors).

The trichromatic theory did not very well explain the phenomenology of color perception.

In the same period, Ewald Hering defended another theory; opponent process theory. He noticed that colors were never lost on their own, that is, that if red was lost, so was green, and that if blue was lost, so was yellow. Also, trichromatic theory did not consider yellow a primary color, though yellow can be considered psychologically primary. According to Hering there were four primaries organized in opposite pairs: red-green and blue-yellow.

This theory not only explained the four psychological primaries but also the disappearance of blue when yellow disappeared and vice versa and the same for red and green.

In the mid 20th century, a new theory emerged based on discoveries by Leo Hurvich and Dorothea Jameson's quantitative work on light mixing [START_REF] Hurvich | An opponent-process theory of color vision[END_REF] . They elaborated an explanation in two stages that started with a trichromatic mechanism probably based on three types of receptors, followed by an opponent-process stage. This theory has been confirmed by biological data: De Valois and colleagues in the sixties found cells in the Lateral geniculate nucleus excited by red light but inhibited by green, excited by green light and inhibited by red, and the same mechanism for yellow and blue [START_REF] Valois | Visual word recognition in young and older adults: A study of cohort effects for lexical variables[END_REF]. They also found cells that were activated by all light but inhibited by no light and again other cells that were activated in absence of light but inhibited by its presence. We now know that this pattern of response based on on/off cells also exists in bipolar and ganglion retinal cells [START_REF] Boeglin | La vision des couleurs[END_REF].

COLOR FROM PHYSICAL TO PSYCHOLOGICAL ENTITY

What Newton first observed, and became the basis for the following theories on color perception, was that perception of color was based on rays of light. Light however, is a physical stimulus of electromagnetic radiation, with varying wavelengths (Zwinkels, 2016). It only becomes color for the observer when it stimulates the visual system. Before becoming color, let alone various color categories, light must go through a large amount of cognitive processing.

Electromagnetic radiation is the energy that is transferred from vibrating particles creating an oscillation of electric and magnetic fields. These particles are photons, emitted by light sources such as the sun or various forms of natural or artificial incandescence, combustion or electrical discharge. The vibration of the photons forms waves as they move, and it is not so much the photons as the varying wavelengths that permit color vision. For instance, humans perceive light when the photons have a wavelength between 400 and 750nm. This is a very small proportion of the possible wavelengths of photons. X-rays, microwaves or radio waves are also part of the spectrum but not directly perceptible by human senses.

Light is thus physically described in one single dimension. Most light entering the human visual system is reflected by elements in our environment whose molecular consistency creates an absorption of specific wavelengths only. This is what allows the distinction of various objects based on color by the uniqueness of the wavelengths that are reflected from them then stimulating the visual system and giving rise to different colors. However, though color directly depends on light, it is not psychologically conceived as uni-dimensional. First, in order to become color, light seems to go through a transformation by the human visual system into a three-dimensional entity. Secondly, even when observed on a one-dimensional plane such as a rainbow, the human visual system clusters certain colors more together than others, that are seen as further apart. Indeed, the distances between each of the colors do not seem to be parallel to each step in wavelength.

The three-dimensional description of color means that it is possible to describe every single color perceivable by the human visual system based on the interaction of three independent properties, thus creating a "color space". Some caution must be taken when using such color spaces, of which a variety exist, because of the fact that color is not entirely in the eye, or brain of the beholder nor entirely in the environment but a formation of the interaction of both (Zwinkels, 2016). Furthermore, different color spaces have been developed by different disciplines defining color, making it complicated for communication: for instance, some color models represent color as light, and others as surfaces (Arnkil, Fridell & Klaren, 2012). Psychophysical models that attempt to reproduce the entirety of colors perceivable by the human visual system, other things being equal, describe color based on hue, saturation and brightness. Hue is the basic color of a surface, that corresponds in color space to a direction going from the central axis to a point corresponding to a given color. 

THE DEBATE ON THE PERCEPTIVE AND LINGUISTIC QUALITIES OF COLOR

The other aspect of color pertaining to its non-linear quality is the fact that the human cognitive system seems to cluster certain colors together or further even if the amount of steps covered in color space are the same. In other words, the phenomenology of colors seems to be categorical. There has been some debate about whether these categories are due to language or due to neurophysiological constraints on perception. Two main proponents of non-linguistic constraints on color perception are the concept of unique hues, originating from Hering's theory of four primary opposing colors, and that of basic color terms, a theory proposed by Berlin and Kay in 1969, that considers that linguistic categories for colors are universal and constrained by an innate mechanism. Mollon and Jordan (1997) define unique hues as the four colors that appear phenomenologically unmixed. These are "unique" red, green, blue and yellow, and all other colors are seen as mixes of the first four. Furthermore, these colors are opposed in such a way that perceiving a greenish red or a bluish yellow is not possible. The origin of the phenomenon of unique colors has been considered to be in the second-stage opponent process whereby information from S, M, and L cones is opposed, as can be observed in Yet the presence of such a third stage has not been found and the exact origin of the four unique hues remains unclear (Valberg, 2001;Bosten & Boehm, 2014). If the capacity of distinguishing unique hues may be innate, there exists some variation between individuals [START_REF] Kuehni | Variability in Unique Hue Selection: A Surprising Phenomenon[END_REF][START_REF] Webster | Individual and population differences in focal colors[END_REF] and also between cultures [START_REF] Webster | Variations in normal color vision III Unique hues in Indian and United States observers[END_REF] that seem to show that the specific wavelengths that give way to a perception of uniqueness of hue may be modulated by a combination of environmental and cultural factors [START_REF] Self | Unique Hues[END_REF]. universal basic color terms exist, that all languages draw from, and that all these colors appear in a certain hierarchical order whereby if a culture has a term for red, it will obligatorily have terms for black and white (see Figure 5, Berlin & Kay, 1969).

Figure 5 : Hierarchical organization of color term appearance in languages, starting with more "primitive" languages on the right and modern languages on the left (from Berlin and Kay, 1969).

However, [START_REF] Davidoff | Language and perceptual categorisation[END_REF] proposed that unique hues and basic color terms are not sufficient evidence of a universal innate mechanism biasing color categorization based only on perceptual similarities. For Davidoff, the fact that unique hues do not correspond to any proven neurophysiological evidence, and that neurons respond to wavelength, not specific color categories such as blue or red, undermines the existence of innate color categories. Furthermore, color categories are not equally linked to the steps from one hue to another in color space, in other words, there is not a precise link between the color category and the actual similarity between hues. Davidoff calls this the "Sorites paradox":

if one observes a series of color patches of decreasing wavelength, each patch indiscriminate from its immediate neighbor, and starting with red, one would consider the next patch to be red also. If one considers red to be an observational category, by extension, each and every one of the patches, being indiscriminate from their neighbors, should be considered red. However, in reality, we consider those patches at the other end, the ones with low wavelength, to be blue. The categorization of such stimuli thus would require a non-perceptual mechanism: language. Neuropsychological evidence with a patient with difficulties in spoken output who could not name or understand color names, showed this patient sorted colors by perceptual similarity, resulting in a sorting with no effect of category boundaries [START_REF] Roberson | Similarity and categorisation: Neuropsychological evidence for a dissociation in explicit categorisation tasks[END_REF].

Further evidence to the idea that color categories are linked to the formation of linguistic language categories is provided by research on categorical perception [START_REF] Davidoff | Language and perceptual categorisation[END_REF].

The idea is that two hues that straddle a category boundary, for example between green and blue, are easier to discriminate between each other than two equally distinct hues that belong to the same category, like green. In order to evaluate categorical perception in color studies, a two-alternative forced-choice procedure is used. After having been shown a colored patch, participants are shown the original patch and a distractor, and must indicate which one of the two was shown before. Berinmo speakers from Papua New Guinea use a different set of basic color terms than English speakers. It was observed that these people discriminated two hues that crossed the boundary between two of their language categories (nol and wor) better than when the two hues belonged to the same category. English speakers, however, did not show any categorical perception effect around this boundary, just as Berinmo speakers did not show categorical perception effects for hues crossing the boundary between English blue and green. These results provide evidence that at least part of color perception must be due to cultural and linguistic aspects. Davidoff however does not rule out constraints of the visual system on the formation of linguistic categories, particularly the fact that similar hues in terms of visual perception are grouped together; for example, no category exists for a color that would include blue and yellow yet considering green, in between the two, as another category altogether.

Berlin and Kay's (1969) original work was somewhat modified in the 1970's in light of Eleanor Rosch's work on prototypes [START_REF] Rosch | Natural Categories[END_REF][START_REF] Rosch | Cognition and categorization[END_REF]. Rosch described the use of cognitive categories as a means of providing coherence and stability, as well as cognitive economy, in the interpretation of the environment. Objects, once named, become a member of the category at varying levels based on their resemblance to the prototypical perfect representative of that category: they have fuzzy boundaries. RED for example, is a color concept. Upon perception of hues, these will be considered more or less RED, in other words, compared to a prototypical "perfect" red. Prototypical red has been considered in Literature synonym to best exemplar of that category. Most research has shown a fairly good consensus amongst observers as well as cultures (Berlin & Kay, 1969;Regier, Kay & Cook, 2005) as to what the best exemplar of each color category may be. According to Rosch, these color prototypes were non-linguistic and innate, given the fact that they are more easily learnt than non-prototypical colors and remembered independently of language. However, from the relativist point of view a category exists because it shares a boundary with another category; thus, the prototype is the center of the category, i.e. the color furthest from the boundary. Furthermore, the idea of color categories preceding language can be questioned (Jraissati & Douven, 2017). Indeed, if color categories could be attributed to perceptual factors, one would expect there to be the same number of color categories in every language.

A more recent universalist account has been that the perceptive color space is not actually regular (Jraissati & Douven, 2017). In other words, observers would be more sensitive to certain areas of color space than to others. The same distance between blue and green is not perceived as being the same distance as between the yellow-red-green area [START_REF] Churchland | On the Reality (and Diversity) of Objective Colors: How Color-Qualia Space Is a Map of Reflectance-Profile Space[END_REF]. Perceptual space is thus not uniform, with certain areas appearing more salient than others and thus more susceptible to being named [START_REF] Regier | Color naming reflects optimal partitions of color space[END_REF]. According to this view, there are universal perceptual constraints on color space that organize the shape and place of color categories in languages. However, the view does not outrule a possible influence of linguistic convention on the creation of color categories, and language can potentially pull color categories away from the perceptually optimal partitioning of color space. Only, linguistic categories must make do with the fact that color space is already partitioned according to certain universal constraints of organization.

Color is as much a percept as a concept. As we have seen, what defines color has not been a set rule over history and nor in different cultures. One complexity of studying color is the multiple definitions that exist based on whether one comes at it from the angle of physics, neurophysiology, psychology or anthropology. From a psychological point of view, color is influenced by the constraints of the visual and neural system and constraints from the semantic structure that organizes the cognitive, internal world of the observer, due to their language. Furthermore, color perception is not a stable, direct sense emanating from the environment but a phenomenon that is subject to continuous interpretation and construction.

I.2. COLOR IN CONTEXT

Color is the result of constant interaction between the cognitive system and the environment. Top-down information associated with color concepts acts on the interpretation of the colored environment. We will attempt to describe the main aspects concerning top-down processes in color perception: Sapir-Whorf theory (see [START_REF] Kay | What Is the Sapir-Whorf Hypothesis[END_REF], the label-feedback hypothesis (Lupyan, 2012), cognitive penetration of visual perception [START_REF] Vetter | Varieties of cognitive penetration in visual perception[END_REF] and the memory color effect [START_REF] Witzel | Memory Color[END_REF]. We will then discuss how color, as a semantic concept, also carries information to the observer in terms of more abstract concepts such as emotion. Finally, we will discuss how this influence of top-down effects on color can create "mistakes" in the perception of color in the environment.

"TOP-DOWN" PROCESSES IN COLOR PERCEPTION

The fact that linguistic color categories at least sometimes give rise to categorical perception effects indicates that language can influence how the environment is perceived.

The most documented theory concerning top-down influences of language on perception is Sapir-Whorf theory: "The categories and types that we isolate from the world of phenomena we do not find there because they stare every observer in the face. On the contrary the world is presented in a kaleidoscopic flux of impressions which have to be organized in our minds. This means, largely, by the linguistic system in our minds" (Whorf, 1956).

Sapir-Whorf theory (see Whorf, 1956) is based on two major hypotheses [START_REF] Kay | What Is the Sapir-Whorf Hypothesis[END_REF]. The first is that the fact that language systems differ in their structure includes nonlinguistic cognitive differences in those languages' speakers. The second is that the precise structure of the language will determine how the person interprets and perceives their environment. Most work interested in finding empirical data to support Sapir-Whorf hypothesis has focalized on color. Before Berlin and Kay's work on basic color categories, the semantic structures of languages were seen as not constrained by any form of perceptual factor. However, as shown by Regier and colleagues recently [START_REF] Regier | Color naming reflects optimal partitions of color space[END_REF], this point of view must be nuanced: there are indeed nonlinguistic constraints on the semantic organization of color. Language must not be seen as the sole determinant influencing perception, but rather, a factor that may depending on circumstances, be a pertinent factor.

Indeed, evidence has been brought that Whorf was partly right in saying that color terms influence color perception, and also that color terms at least partially influence color categorization (Regier, Terry & Kay, 2009). [START_REF] Gilbert | Whorf hypothesis is supported in the right visual field but not the left[END_REF][START_REF] Fodor | The modularity of mind: An essay on faculty psychology[END_REF] were the first to put forward that given that the left hemisphere is more dominant for language, language may influence perception more when elements are presented in the right visual field as opposed to the left visual field. The idea is that half of our visual field would be interpreted with a linguistic filter. In their study, they observed categorical perception effects for color patches presented in the right visual field (RVF) and in the left visual field (LVF). They found that reaction times for patches presented in the RVF were much higher when the patches were "within-category" (i.e. blue-blue) than when the patches were "between-categories" (i.e. blue-green). Patches presented in the RVF did not give rise to significant differences in RTs for "within-category" as opposed to "betweencategory" conditions. When participants were asked to perform a concurrent verbal task, this effect was reversed for the information presented in the RVF, with higher RTs in the "between-categories" than in the "within-categories" conditions. These results suggest that color naming can be based on perceptual aspects but also on linguistic aspects, factors that may play more or less of a role depending on contextual necessity during perception.

If linguistic factors are to play a role in perception of color, how may they come about?

One possibility is that categorical color perception is due to a form of perceptual warping produced by learning (Lupyan, 2012). Learning different categories of colors such as blue and green or Berinmo examples Nol and Wor ends up creating differing patterns of discrimination in color space, with hues in the same category considered more similar and hues in different categories considered more distinct. The resulting conceptual color space is thus "warped". However, research has shown that verbal interference tasks with the objective of eliminating the effect of language, tend to eliminate categorical perception effects [START_REF] Gilbert | Whorf hypothesis is supported in the right visual field but not the left[END_REF]Pillin, Wiggett, Ozgen & Davies., 2003). It can thus be questioned what actual importance language has on the construction of color space, beyond some superficial effects. The label-feedback hypothesis (Lupyan, 2012) provides a possible explanation of how language can play an important role in influencing perception yet be vulnerable to interference. It builds on research by Goldstone, on the influences of linguistic categorization on perception. Goldstone and colleagues (2001) trained participants to respect various rules of categorization and found that they gave rise to differences in the way people made perceptual discriminations during same-different tasks and even beyond the task itself. In subsequent research showing that once categories have been learnt, the elements shared by the members of those categories (that are in a sense what define them as members of a same category) become more salient in terms of those objects' descriptions, Goldstone and colleagues provide evidence that grouping two objects together actually changes their internal descriptions [START_REF] Goldstone | Altering object representations through category learning[END_REF].

The label-feedback model implemented by Gary Lupyan considers that once a concept's label is activated, this label will actively change the concept. Taking the example of color, we can imagine a fairly dirty brownish red. This visual stimulus may activate the concept red and the concept orange, but we can choose to label the stimulus "RED", thus actively anchoring the visual stimulus to the red concept and influencing it's perception by augmenting the similarities with other members of the red category. In other words, the simple fact of categorizing the object means that similarities with the conceptual prototype of that category will be highlighted while any differences will be ignored.

These views rely on a notion of cognitive penetration of visual perception. This topic has been subject of debate amongst students of perception, the long-withheld point of view having been that low-level visual perception is cognitively impenetrable [START_REF] Fodor | The modularity of mind: An essay on faculty psychology[END_REF].

However, a large amount of research has recently implied that visual perception can be subject to cognitive penetration, if indirectly. [START_REF] Vetter | Varieties of cognitive penetration in visual perception[END_REF], have argued that cognition and perception must not be separated, but considered as processes interacting as recurrent loops with many levels of perceptual processing. Top-down influences from semantic concepts and patterns in memory can help identify the gist of a scene, with the help of a small number of clues. Also, seeing a familiar face for whom a visual pattern and a name are stored in memory also facilitates recognition because the known clues will help in the pre-selection of that face amongst all the other images. Concerning faces, [START_REF] Levin | Distortions in the perceived lightness of faces: The role of race categories[END_REF] showed that white faces were consistently judged lighter than dark faces and dark faces were judged darker than the light ones, even in an ambiguous situation where the face was given a "white" or "black" label. Seeing low-level properties of darkness cues the high-level cognitive category of "black", which then amplifies those category-specific properties [START_REF] Varga | Perceptual Experience and Cognitive Penetrability: Perceptual Experience and Cognitive Penetrability[END_REF]. Nanay ( 2015), has argued that cognitive penetration and influence on visual perception acts via our associations with particular concepts. Thus, we can hypothesize that top-down influences from various forms of concepts can influence color perception. Linguistic factors, such as the concept RED, will anchor a perceived color towards category-specific properties of that concept, and also related semantic concepts, such as a heart or a tomato, could act the same way, anchoring color perception towards the associated red color [START_REF] Burnston | Correction to: Cognitive penetration and the cognition-perception interface[END_REF]. This use of top-down influences from semantic information could be of use in preserving coherence and stability in the intrinsically changing visual environment, with cues from the environment being associated "on-line" with learnt information at higher levels of processing, meaning the solidity of the boundary between perception and cognition may need to be reconsidered [START_REF] Teufel | How to (and how not to) think about top-down influences on visual perception[END_REF].

"Memory color" has been defined by Witzel and Gegenfurtner as the typical color of an object, acquired via prior experience with it: bananas are yellow, tomatoes are red, grass is green, the sky is blue [START_REF] Witzel | Memory Color[END_REF]. Derived from this notion, the memory color effect is the effect that the typical color of an object may have on its perceived color, in other words, the object's appearance. This effect relies on color diagnosticity, notably the association between the object and its perceived color. Color diagnosticity generally concerns objects that are largely defined by their color, such as natural objects like tomatoes or bananas. Color neutral objects such as manufactured items do not have a diagnostic color and do not give way to any memory color effect. Witzel and Gegenfurtner differentiate subjective and objective color diagnosticity. Subjective color diagnosticity corresponds to the memory color for an object that a particular observer may have. The observer knows what different hues are associated with any given object, and with experience, the observer's subjective diagnostic color for the object will converge toward the objective one, that is, the most commonly occurring or typical color of the object. The question of what "typical" means however, is up to the observer and, as such, is a cognitive process. By what rules does the observer decide what the typical color of an object is? A mean of all possible occurrences, the most common occurrence, or the most saturated version? [START_REF] Witzel | Memory Color[END_REF]. The measurement of typical colors generally implies using images, such as Snodgrass and Wanderwart's database, that provides information such as familiarity (Snodgrass & Wanderwart, 1980). According to Gegenfurtner and colleagues, who have widely discussed the memory color effect, memory color can be characterized by typicality, the fact that the known typical color of the object exaggerates the perceived hue, and an aspect of development; notably the fact that preschool children find it hard to associate an object with a diagnostic color [START_REF] Gleason | The verbal nature of representations of the canonical colors of objects[END_REF]). However, using Stroop-like paradigms, the memory color effect may be found in three-year-old children [START_REF] Prevor | Color-object interference in young children: A Stroop effect in children 3½-6½ years old[END_REF]. Memory colors may be of use in the preservation of color constancy, by serving as references for perceived color.

Two elements seem to go in this direction, firstly, even if memory color estimations are variable, they may modulate color appearance to counteract effects of illumination [START_REF] Olkkonen | Color appearance of familiar objects: Effects of object shape, texture, and illumination changes[END_REF][START_REF] Conway | Color Vision, Cones, and Color-Coding in the Cortex[END_REF]. It seems also possible that observers prefer an illumination that gives the perceived object a color as similar as possible to its diagnostic color [START_REF] Smet | Memory colours and colour quality evaluation of conventional and solid-state lamps[END_REF]. A variety of studies have documented effects of memory color on various cognitive processes: In terms of scenes, it seems that objects and scenes that are color-diagnostic are identified more easily when presented in a congruent rather than an incongruent condition (Bramao, Reis,

Petersson & Faisca, 2011); the memorization of object's colors seems to be biased towards the diagnostic color of that object [START_REF] Van Gulick | Is Object Color Memory Categorical[END_REF]. Also, using object-stroop tasks in which an object (eg. tomato) is presented in a congruent (e.g. red) or incongruent (e.g. purple) color, the true color is recognized more easily in the congruent condition (Naor Raz, Tarr & Kersten, 2003). Finally, concerning situations in which colors are ambiguous, on a boundary between two color categories (e.g. blue and green), it seems possible that association of that color to a color-diagnostic object biases the appearance towards the diagnostic color of that object (Hurlbert & Ling, 2007, Mitterer & de Ruiter, 2008). This last effect is the classical "memory color effect" first mentioned by Hering in the nineteenth century [START_REF] Hering | Outlines of a theory of the light sense[END_REF]. The effect implies that it is an interaction between the observer's knowledge of an object's diagnostic color and their expectations concerning the color of the object they are perceiving that biases the information provided by the visual stimulus, that leads to the perception of the color.

We have presented research that addresses the issue of semantics in color perception. The influence of semantics on color perception seems to go further than a simple bias of language on perception, to wit, research has shown that knowledge of object's colors influences color perception through top-down processes.

SEMANTIC INFORMATION CARRIED BY COLOR

We have discussed in the precedent part how the perception of color can be influenced by cognitive aspects, and specifically how the association of objects to certain colors may influence color perception. We have discussed color's association with objects, but how does color associate with more theoretical concepts? What semantic and emotional information does color convey to the observer?

Color association with semantics and emotions is not as much a question of perception as one of conceptualization [START_REF] Wierzbicka | The meaning of color terms: Semantics, culture, and cognition[END_REF]. Associating colors with various objects may be importantly linked to color preference and associations of different colors with different emotions. [START_REF] Humphrey | The colour currency of Nature[END_REF], has argued that evolutionary reasons associating red with various objects in nature can explain why the color is associated with positive or negative valences in humans. Red stands out in relation to the environment and can be either a repellent (red toadstools, red poppies) or an attractor (red strawberries, red tomatoes).

Hurlbert and Ling have reported findings that go in the same direction and suggested that the human visual system has evolved to perceive certain colors preferentially (Hurlbert & Ling, 2007). In 1997, Taft showed that judgments for color patches were representative of judgements of those same colors associated to various objects in context [START_REF] Taft | Color meaning and context: Comparisons of semantic ratings of colors on samples and objects[END_REF].

Palmer and Schloss (2010) have coined the term "ecological valence theory" to describe their theory that takes into account adaptive mechanisms on an ontogenetic scale, not only a genetic one. According to this theory, preferences may also arise due to the organism's learnt experience with various stimuli. Basically, observer's color preferences are due to the various emotional experiences encountered in relation to objects of given colors during their lifetime. The principal prediction of this theory is therefore that positive objects such as the sky, associated with blue, will mean that blue will be seen as positive as well, and the same principle will apply for negative objects. The authors correlated responses collected for an object-association task, an object valence rating task and a color-object matching task with average color preferences. Their model was good predictor of average color preferences, accounting for 80% of variance. They conclude that color preferences are due to affective responses caused by correspondingly colored objects. [START_REF] Taylor | The relationship between color-object associations and color preference: Further investigation of ecological valence theory[END_REF], noted that some colors were associated with a large number of objects (brown), whereas some were associated with a small number (blue). They showed that there was a negative correlation between color preference and the number of objects associated with that color. Da Pos and Green-Armytage (2007) had participants associate facial expressions showing various emotions with color patches. They found people readily associated anger with reds, surprise mostly with reds and yellow, disgust with browns, yellows and greens, sadness with dark greys and blues, happiness with red, orange, yellow.

Fear seemed the least consensual with associations to yellow, black, blue, as well as light and dark greens.

There is a very large amount of information circulating about associations between colors and various psychological attributes, however, a large amount of even academic research on color and emotions are poorly controlled either in terms of colors chosen or measurements of emotion (Kaya & Epps 2004). Furthermore, popular media provides a large number of color psychology and color healing magazines and websites with unsubstantial evidence relating to color and its links with personality, emotions and therapeutic effects [START_REF] O'connor | Colour psychology and colour therapy: Caveat emptor[END_REF]. [START_REF] Fugate | What Color Is Your Anger? Assessing Color-Emotion Matchings in English Speakers[END_REF] assessed consistency and specificity for color-emotion matchings in English speaking adults. They found poor consistency and specificity, in other words, emotions were not reliably paired with particular colors and colors were not specific to certain emotions. They argue that our color-emotion associations are due more to culturally learnt associations than truly due to color perception. They consider emotional links to colors to be no different from associations with various other abstract categories; people's links with colors and emotions are linked to language. People associate anger with red because of linguistic metaphors such as "red in the face" or "seeing red" [START_REF] Fetterman | Anger as "seeing red": Evidence for a perceptual association[END_REF] and because of contextual cues and signs such as red danger signals or the use of red ink [START_REF] Elliott | Color and psychological functioning: The effect of red on performance attainment[END_REF][START_REF] Feltman | The Influence of Red on Perceptions of Relative Dominance and Threat in a Competitive Context[END_REF]. This is in accordance with the theory of constructed emotion [START_REF] Barrett | The theory of constructed emotion: An active inference account of interoception and categorization[END_REF], that considers that emotion is an abstract category and learning more emotional categories allows the individual to become better at perceiving different emotions. Thus, [START_REF] Fugate | What Color Is Your Anger? Assessing Color-Emotion Matchings in English Speakers[END_REF] consider that emotions are linked to colors just like various other objects are linked to colors: because we use language to deal with categorizing them. They encourage further research into the reasons behind beliefs in color-emotion associations and cross-cultural differences.

AN INTERPRETATION THAT CAN BE MISTAKEN

The more or less abstract information associated with color and with the various objects and concepts it is associated with in turn influences how it is categorized, and even perceived. However, this dependence on interpretation sometimes means that observers make mistakes in their reconstruction of the visual environment. This is most evident from various illusions that have been documented.

Color constancy is the fact that despite changes in spectral distribution and or illumination, the perceived color of a surface is seen as the same [START_REF] Foster | Color constancy[END_REF]. Such top-down mechanisms [START_REF] Witzel | Memory Color[END_REF]Goldstone, 1994), could participate in keeping coherence and consistency within the environment, and promote color constancy. Light changes during the day, and objects are illuminated in turn by reddish and bluish lights meaning the spectra of reflected light changes greatly. However, perception of objects in context remains the same (see Figure 6, Left). Two opposing views have attempted to explain color constancy: unconscious inference [START_REF] Judd | Hue Saturation and Lightness of Surface Colors with Chromatic Illumination[END_REF][START_REF] Von Helmholtz | Helmholtz's treatise on physiological optics[END_REF] and sensory adaptation, [START_REF] Helson | Some Factors and Implications of Color Constancy[END_REF][START_REF] Hering | Outlines of a theory of the light sense[END_REF]. As Foster shows in his review on color constancy (2011), its understanding is still on the table and seems to be underlain by multiple mechanisms. [START_REF] Hansen | Memory modulates color appearance[END_REF], showed that fruit were perceived preferably in their typical color, with top-down effects acting continuously on the incoming sensory information.

They asked participants to adjust natural objects away from their typical color towards grey and found that participants went further than grayscale, adapting the image towards the complementary color (a yellow banana was adapted to slightly bluish). Hansen and colleagues refer to the importance of this effect in maintaining color constancy for objects despite changes in illumination. Thus, the appearance of object color is not only dependent on reflective properties but also on cognitive interpretation.

Top-down processes are acknowledged as playing an important role in perceptive illusions [START_REF] Carbon | Understanding human perception by human-made illusions[END_REF]. A famous one is that of the young-old woman illusion shown in Figure 6 (right), an example of the fact that we perceive what we expect. The illusion demonstrates how important top-down processes are, if not in early visual processing, at least at a cognitive level of processing. If we have been previously exposed to semantic information regarding an old woman, we will likely perceive the image as that, and if we have been exposed to an image of a younger woman, this will have the opposite effect on our perception. Such top-down processes aid in making coherence in the environment and creating heuristics that permit us to save energy in the complexity of the visual environment [START_REF] Willis | First Impressions: Making Up Your Mind After a 100-Ms Exposure to a Face[END_REF]. However, this means our perception is also susceptible of being subject to error. If such heuristics work in most situations, relying on the greater picture, and on interpreting only certain semantic cues, can also entail that the observer misses out on important details that would have permitted a correct interpretation [START_REF] Carbon | Understanding human perception by human-made illusions[END_REF]. [START_REF] Biederman | On the semantics of a glance at a scene[END_REF] has demonstrated how semantic information influences perception based on one single fixation on a scene. He showed participants a scene in which a hydrant was positioned in a non-logical place (in one example positioned on top of a mail-box, as shown in Figure 7, right), for a very short period of 150ms followed by a mask. Participants were then asked to sketch the scene. They rearranged the objects in the scene to correspond to the logical organization by basing themselves on semantic information: their knowledge of such a scene, instead of basing themselves on their previous visual perception. Another such example of mistaken interpretation due to topdown processes on perception, at a more online level, is the dress illusion, that can be perceived either as white and gold or blue and black (Lafer-Sousa & Conway, 2017, see Figure 7, left). It appears that participants must either interpret the dress being in cool lighting or under warm lighting. Participants that perceived the dress as white/gold reported the background illumination to be cool, as if in shadow, while those who perceived it blue and black reported the background light as warmer. Furthermore, this was confirmed by subsequent cuing of the two different illuminants upon presentation of the dress: participants who had been cued for a warm illuminant saw the dress as blue and black and those who had been cued for a cool illuminant as white and gold. Artists have used visual illusions in order to create effects that could not always have been rendered by other methods. One classic example is simulation of depth on a twodimensional plane, for which knowledge of various rules of visual perception must be acquired (Brooks, 2017). This can first be observed with the use of occlusion in prehistoric paintings, and the use of shading to create a sense of shadow and lighting aswell as curvature by Greek artists in the fifth century BC. In Lascaux, prehistoric mural paintings show the artists put themselves in the position of observers situated several meters from the oeuvre and used the forms already in the stone to help give depth to their drawings (Valladas et al., 2001). The chiaroscuro technique (see Figure 8) first used by Renaissance painters, with the opposition of dark and light hues created an even more impressive sense of depth (Brooks, 2017). Concerning color, research by Mounier et al. showed that medieval painters in some circumstances created an illusion of prestigious materials such as gold by using varnished tin leaves as an alternative to a much more expensive material (Mounier, Daniel & Bechtel, 2009). Another illusion, shown in Figure 9, has been observed in various medieval paintings in southwestern France in which a pigment consisting of carbon and calcite, associated with a flat reflectance spectrum, and thus logically seen as grey, has been considered blue by a large number of observers [START_REF] Delord | Illusory blue from gray medieval mural paintings: color naming, color categorization and Stroop effect[END_REF]. This may be due to various contextual effects such as complementary color effects by which a grey seems to take the complementary color of the color next to it (a grey surrounded by yellow will seem slightly blue, and surrounded by red, will seem slightly green). It may also be due to a memory color effect due to the association with the prototypically blue objects the pigment depicts: the sky, or the virgin's mantle. This illusion was probably deliberately created by the artists as an alternative for real blue pigments (Lapis Lazuli from Afghanistan or Arenite from Germany), extremely expensive at that period. 

I.3. OBJECTIVES OF THE PRESENT RESEARCH

Color categories are defined by constraints from perceptive color space, but also by linguistic conventions (Jraissati & Douven, 2017). The conceptual aspect of color described by amongst others Whorf (1956Whorf ( (2007 ed.) ed.)) and [START_REF] Rosch | Natural Categories[END_REF][START_REF] Rosch | Cognition and categorization[END_REF], influences our perception of color in the environment, either directly by the effect of the color names (Whorf, 1956;Gilbert et al., 2007;Lupyan, 2012), or by the association of the percept with various objects of certain prototypical colors (Goldstone, 1994;[START_REF] Witzel | Memory Color[END_REF]. This association of color concepts with other concepts in memory means color conveys not just semantic information from other objects but possibly also emotional information, due to associative learning, on an ontogenetic scale [START_REF] Palmer | An ecological valence theory of human color preference[END_REF].

However, many studies interested in color and in its association with emotion fail to control one or the other of the aspects correctly (Kaya & Epps, 2000). Finally, interpretation of the visual environment and use of various semantic cues to reconstruct color coherence despite constant changes in illumination [START_REF] Hansen | Memory modulates color appearance[END_REF], sometimes incurs errors [START_REF] Carbon | Understanding human perception by human-made illusions[END_REF]. These color illusions have sometimes been used by artists to simulate the visual environment in their work (Valladas et al., 2006;Mounier et al., 2009).

The present thesis attempts to bring further evidence to the conceptual nature of color through three main axes that will subsequently each consist of an article.

The first study described in this work, following the steps of Sturges and Whitfield (1995), These three studies are centered on the fact that the perceptive stimulus provided by the early visual system is deeply complexified by cognitive processes for color categorization.

investigated
Indeed, the aim of this work was to bring further knowledge to the characteristics of color categories, especially concerning the pertinence of restricting color research to specific categories such as basic colors or unique colors. This research gives more insight into the cognitive quality of color and the importance of considering the interaction between color concepts and color percepts when approaching such questions as ambiguous color, color emotions, color-object associations, and simply color labeling.

II. EXPERIMENTS II. 1. CONCEPTUAL ORGANIZATION OF BASIC COLOR TERMS AND THEIR RELATION TO FOCAL COLORS

Abstract :

Basic color terms (BCTs) have been mapped to perceptual color spaces in various languages by asking participants to choose the best perceptual exemplar for each color term. Certain areas of perceptual color space were considered focal, best exemplars for a given basic color term when a high consensus was found amongst participants concerning the association of the color term to specific perceptual coordinates. The objective of this study was to map a conceptual color space organizing French basic color terms between each other, using a direct task without relying on perception but on color words. We aimed to investigate how this organization compared to organization between corresponding focal colors in perceptive color space, especially whether organization of BCTs and their corresponding focal colors decreases for unique colors relative to non-unique colors (other colors based on mixes of the first). We asked participants to give subjective proximities between each of the eleven basic color terms in the French language using a visual analogical scale from 0 (close) to 100 (far). Results showed that organization of color concepts was more similar to that of the focal colors concerning unique colors as compared to non-unique colors. Basic colors beyond unique colors likely rely on cultural consensus.

Key words : basic color terms, color cognition, color space, color concepts, language STATE OF THE ART The characteristics of the visual system are such that when it picks light up, the proceeding perceptive space can be described in three dimensions: hue, saturation, and luminance.

However, though an almost infinite number of hues can be discriminated, only a small number of categories are used to label them. Basic color terms have been identified as the fundamental color categories used in various languages, either partially or in their totality 1 .

Perceptive and linguistic color spaces can be illustrated by various existing models 2-3 .

Cognitive color space has been defined by Derefelt and colleagues as the internal categorical representations of colors including color names 4 . We will refer to this form of color space as conceptual color space. The objective of the present study was to constitute a conceptual color space using a scale measuring subjective proximity between color terms, and investigate whether color concepts in this space were organized following the same factors as the focal colors in perceptive color space. The aim was also to investigate whether unique and non-unique colors differed in terms of organizing factors at a conceptual level. Participants were asked to give subjective proximities between each of the eleven basic color names in the French language.

Two levels of color organization have been defined and modelized. At a first level, color can be organized based on the three perceptive aspects: hue, saturation and lightness. At a following linguistic, or categorical level, it is possible to illustrate color categories based on how the various linguistic categories are organized between each other in their partitioning of perceptive color space. This aspect has been largely discussed in anthropological and cultural psychology research 1,5-9 . Finally, at a cognitive level of organization, it is of interest to know whether color concepts are still organized based on knowledge of perceptive partitioning, or do other more semantic or cultural factors play a role in their organization. Color terms that can be considered basic vary following culture 5-9,11-13 . For English and various other European languages, eleven can be defined; these are red, green, blue, yellow, white, black, grey, brown, purple, orange and pink. The use of basic color terms appears based on a particular order in the history of each culture. This order follows a fixed hierarchy over all cultures in which if a given culture uses a word for green, for example, then it will obligatorily use one for red because this category appears first in the hierarchy.

This order may be due to low level factors (unique colors appears first) as well as to cultural negotiation, in which members of a given culture come to a consensus on which terms are used 1,14 .

The debate on why color categories exist further than the dark-light, red-green, and blueyellow oppositions that can be attributed to precocious mechanisms of color vision is still ongoing 14-22 . Indeed, most languages provide a categorization that distinguishes at least between light and dark and the four colors that correspond to the unique hues blue, green, yellow, and red 14-22 . It can be noticed that the four opposing hues blue-yellow and redgreen and the opposing of luminance with white-black appear amongst basic color terms.

Furthermore, the choice of a best exemplar for a given one of the four hue categories actually corresponds reasonably well to the focal color for that tonality, that is, pure, with absolutely no adjunction of any other hue 18 . A study using a verbal interference task 19 also showed that the categories for the four unique hues were more salient, resting on perceptive mechanisms, whereas others, such as orange, rested only on linguistic mechanisms. Subjects were asked to classify colored cards while repeating phrases presented via audition, with no comprehension, preventing them from referring to linguistic color terms, and forcing them to use only perceptive mechanisms. In this task, any language derived categories disappeared, while perceptive mechanisms were preserved 19 . These four perceptive, phenomenologically pure hues (i.e., blue, green, yellow, and red) differ from other hues such as orange, brown, pink... 19 , as they exist before any notion of linguistic categorization comes into play 19-21 . Furthermore, even if variation exists in finding a fitting perceptive exemplar for a color category, some hues cannot be conceived without the idea of them being mixes of other hues, and others cannot be considered at all as mixes, but rather must be considered "pure" hues. According to Bimler 22 , this is due to an innate disposition shared by humans, and this has been subsequently confirmed by neurological research 21 . This implies that these areas of perceptive color space may be more susceptible to categorical differentiation and naming than the other areas.

A question often raised in research in perception is the level at which top-down influences from cognitive processes such as knowledge of prototypical colors of objects influence what color is perceived 23-24 . It is interesting to question how category knowledge of colors may actually influence the color that is seen. Such a possibility has been suggested recently by Gary Lupyan 25-26 , with a feedback model that can explain how once a color is categorized say, as red, feedback from the category then reinforces perception of red. This is particularly relevant to color because there are almost an infinite amount of color discriminations that can be made, yet colors are sorted into a finite amount of categories.

Categorical perception defines how differing stimuli covering various categories are easier to discriminate when they cross the boundary between categories than when they differ but belong to the same category. As seen above, category boundaries vary depending on the language 11-13 . It was thus found that in English, in Bantu and in Berinmo, color categories were not the same, and effects of categorical perception were observed 13 . Members of one category in a language were perceived as more similar to other members of the category, even if they straddled areas of perceptive color space that were considered another category by other languages.

Most studies that attempted to find how color terms map onto the perceptive color space 27- 28 were based on presentation of color patches which participants were asked to name, providing the consensual and highest frequency labels for each part of perceptive color ), after which one participant was removed.

MATERIALS

Fifty-five pairs of French color names were used (e.g., red-blue), representing every one of the 55 possible combinations made between the 11 basic color terms (yellow, blue, red, green, black, white, grey, pink, orange, brown, violet ; Berlin & Kay 1 ).

PROCEDURE

This protocol was run individually with E-prime software 31 and comprised 55 trials presented in a different random order for each participant. The sequence of events for a trial was the following: the pair of color terms was presented in the upper part of the screen in black writing on a white background, and a Visual Analogue Scale (VAS) was presented below in the center. Participants answered on a non-graduated 10-centimeters line by directing the mouse appropriately toward the left if the two terms were considered close or toward the right if the two terms were considered far. The response was then a percentage of proximity ranging from 0 (close) to 100 (far). Two versions of the questionnaire were made by counterbalancing the side of the 2 items in the pair (e.g., red-blue vs. blue-red),

and presented alternatively every two participants.

RESULTS

Fifty-five proximity ratios on a scale from 0 (close) to 100 (far) were obtained for each participant, and served as dependent variable for the totality of statistical analyses. First, several ANOVAs were run in order to compare proximity ratios, to see which colors were considered significantly close or far from each other and which ones were considered on average closer or further from all other colors in the subjective organization. Then, a correlation analysis was conducted comparing the resulting matrix of color proximities with that of CIE L*a*b color proximities. Finally, multidimensional scaling was done on the proximity matrix so as to bring out the general organization between all of the basic color terms and the main factors explaining this organization.

COMPARISON OF PROXIMITY RATIOS FOR EACH BASIC COLOR

Mean proximity ratio for each basic color term is shown in Figure 10. An ANOVA was run on the mean result with the basic color term (yellow, blue, red, green, black, white, grey, pink, orange, brown, violet) as a within-subject factor and the proximity ratio as dependent variable. There was a significant effect of the basic color term on mean proximity ratio, F(10,780)=21.8, p< .001. Post-Hoc comparisons between each color were done using Bonferonni procedure. Central value of the proximity ratio can be identified in the graph by the bold line at 50. Ratios above 50, in other words closer to 100 than to 0, show the colors are considered further on average to other colors, while ratios under 50 show the colors are considered closer. Mean proximity ratio for white (63) was significantly higher than all other colors (p< .001), except from black (60, N.S.) and green (61, N.S.), meaning white was on average considered further away from all other colors. Black was considered significantly further away only from red, purple, yellow, pink and orange (p< .001). Green was also considered far from most colors, with a mean proximity ratio of 61, significantly higher than all colors (p< .05), except from black, brown and white (N.S.). Mean proximity ratio for blue (56), was more central, differing significantly from red, yellow, purple, at one end (p< .05) and from green and white at the other end (p< .05). Mean proximity ratio for grey was relatively central (56), and only differed significantly from yellow, red, and purple on the lower extremity (p< .05) and white and green at the higher (p<.05). Red and yellow shared low proximity ratios (respectively 50 and 51), significantly different from all colors (p< .05) save from purple, pink and orange (p=N.S.).

ANALYSES FOR EACH BASIC COLOR TERM

First, six ANOVAs were run independently on each unique color (black, white, red, green, blue and yellow) with the comparison color term (the 10 other colors) as a within-subject factor, and proximity ratio as the dependent variable. Figure 11 shows mean proximity ratio for each of the 6 unique basic colors, and for each of the 10 comparison colors.

For target color red, a significant effect of the comparison color was observed, F(9,702)=69.47, p<.001. Colors closest to red were pink [START_REF] Claidière | A color sorting task reveals the limits of the universalist/relativist dichotomy: Color categories can be both language specific and perceptual[END_REF] and orange [START_REF] Kuehni | Focal color variability and unique hue stimulus variability[END_REF]. These colors had a mean proximity rating significantly lower than all the other colors (p<.05).

The furthest colors to red were green and grey (74), that differed significantly from all colors, except from white (72), black (65) and blue (66, p=N.S.). Yellow (43) could be considered relatively close to red, but was significantly higher than pink and orange (p<.001) and significantly lower than black and blue (p<.001).

For green, a significant effect of the associated other color was observed, F(9,702)=33.64, p<.001. Colors closest to green were blue [START_REF] Stoughton | Neural basis for unique hues[END_REF] and yellow [START_REF] Jraissati | Does optimal partitioning of color space account for universal color categorization? Malo J[END_REF], whose mean proximity ratio was significantly lower than all other colors (p<.001). The furthest color to green was pink (76). Proximity ratio for pink was however not significantly higher than those for black (69), white (72), red (74), orange (70) and purple (64) (p=N.S.).

For blue, a significant effect of the comparison color was observed, F(9,702)=26.29, p<.001. The color purple (26) was closest to blue; mean proximity ratio for purple was significantly lower than for all other colors (p<.001) except than green (34, p=N.S.) and grey (43, p=N.S). The furthest color from blue was orange (76), whose proximity ratio was significantly higher to all colors except from brown (69), pink (66) and red (66), (p<.001).

Yellow (57), was in a central position, significantly higher than grey, purple and green (p<.05), but significantly lower than orange (76, p<.001).

For yellow, a significant effect of the comparison color was observed, F(9,702)=50.87, p<.001. One color could be considered very close to yellow: proximity ratio for orange was 17, and significantly lower than all other colors, p<.001). The furthest color from yellow was black (82), significantly higher than every other color (p<.05) except from purple (p=N.S.). Blue (57) was relatively central, and significantly higher than all colors (p<.05)

save from pink and blue (p=N.S.), and purple and black, from whom it was significantly lower (p<.05). Red (43) and green [START_REF] Jraissati | Does optimal partitioning of color space account for universal color categorization? Malo J[END_REF] were relatively close to yellow, but significantly further than orange (p<.001). Red and green did not significantly differ from white (43)

and brown (42) (p=N.S.), and red did not significantly differ from pink (p=N.S). However, they were significantly closer to yellow than blue (p<.05).

For target color white, a significant effect of the comparison color was observed, F(9,702)=43.45, p<.001. Closest colors to white were grey [START_REF] Witzel | Are red, yellow, green, and blue perceptual categories?[END_REF], yellow (43) and pink (44), with significantly lower proximity ratios than all other colors (p<.01). The furthest color to white was black (86), significantly different from all colors (p<.05) but from brown (79)

and purple (76). Blue (58) had a more central mean proximity ratio to white, significantly closer than red and green (p<.05), yet significantly further than yellow (p<.01). Red (72)

and green (72) were thus considered relatively further to white, however, less so than black (p<.05).

For target color black, a significant effect of the comparison color was observed, F(9,702)=65.42, p<.001. Closest color to black was grey [START_REF] Lupyan | Linguistically modulated perception and cognition: the label feedback hypothesis[END_REF], significantly lower to all other colors but brown (27, p=N.S., p<.05). The furthest color to black was white (86).

Proximity ratio for white was significantly different from all colors (p<.001) but yellow (82), pink (82), and orange (75). Blue (52), was considered relatively closer to black, and differed from all colors but purple (p=N.S.) and red (p=N.S). Proximity ratios for red (65)

and green (69), were central amongst colors, red differed significantly from all other colors except from blue (52), orange (75) and green (69, p=N.S.). Proximity ratios for green (69)

differed significantly from all other colors except from orange (75), red (65) and yellow (82, p=N.S.). Secondly, five ANOVAs were also run on each of the non-unique colors, (orange, pink, purple, brown and grey) with the comparison color term (the 10 other colors) as a withinsubject factor, and the proximity ratio as the dependent variable Figure 12 shows mean proximity ratio for the non-unique colors and each of the ten comparison colors.

For orange, a significant effect of the comparison color was observed, F(9,702)=91.16; p<.001. The closest colors to orange were yellow [START_REF] Miyahara | Focal colors and Unique hues[END_REF] and red [START_REF] Kuehni | Focal color variability and unique hue stimulus variability[END_REF], both colors had proximity ratios significantly lower than all other colors (p<.01), but that did not differ significantly between each other (p=N.S.). The furthest color from orange was blue (76), though blue was not significantly different from black (75), grey (73), green (70) and white (68). For pink, a significant effect of the comparison color was observed, F(9,702)=71.42, p<.001. The closest color to pink was red [START_REF] Claidière | A color sorting task reveals the limits of the universalist/relativist dichotomy: Color categories can be both language specific and perceptual[END_REF], proximity ratio for red was significantly lower than all colors (p<.05) but purple (23, p=N.S.). The furthest color to pink was black (82), with a proximity ratio that was significantly higher than all the other colors (p<.01) but green (76, p=N.S.).

For purple, a significant effect of the comparison color was observed, F(9,702)=47.32, p<.001. The closest color to purple was pink [START_REF] Kubat | Semantic Context Effects on Color Categorization[END_REF], significantly lower than all other colors (p<.01), but blue [START_REF] Forder | Hearing words changes color perception: Facilitation of color discrimination by verbal and visual cues[END_REF] and red (33) (p=N.S.). The furthest color to purple was white (76), with a proximity ratio significantly higher than all colors except from green (64) and yellow (71), (p=N.S.).

For brown, a significant effect of the comparison color was observed F(9,702)=34.65, p<.001. The closest color to brown was black [START_REF] Boynton | Locating basic colors in the OSA Space[END_REF], significantly lower than all colors except from red [START_REF] Jraissati | Does optimal partitioning of color space account for universal color categorization? Malo J[END_REF]. The furthest color from brown was white (79), significantly higher than all other colors (p<.001) but blue (69, p=N.S.).

For grey, a significant effect of the comparison color was observed, F(9,702)=39.57, p<.001. The closest color to grey was black [START_REF] Lupyan | Linguistically modulated perception and cognition: the label feedback hypothesis[END_REF], however, black was significantly lower than all colors (p<.001) except for white (33, p=N.S.). The furthest color from grey was red (74). Proximity ratio for red was significantly higher than all colors except from orange (73), green (62), pink (67) and yellow (69), (p=N.S.).

CORRELATION ANALYSIS

The visual coordinates of the 11 basic color terms were obtained in Sturges & Whitfield (1995) A Spearman correlation between perceptive distances and subjective distances was carried out using the 55 Delta E differences and the 55 VAS differences. Results showed a fairly good correspondence, as r(53)=.47, p<0.001. Further correlations were carried out specifically for the 10 values associated with each basic color.

Significant positive correlations between subjective and objective values were observed for white (r(9)=.92, p<.05), and black (r(9)=.76, p<.05). Tendencies towards positive correlations were observed for green (r(9)=.58, p=.08), for red (r(9)=.61, p=.06, for blue (r(9)=.6, p=.07). No correlations were observed for yellow, and the non-focal colors orange, purple, pink and brown and grey (p=N.S.).

MULTIDIMENSIONAL SCALING

Multidimensional scaling analysis was done on proximity ratio for all of the 11 basic color terms. Results showed a solution best explained by three dimensions, with Stress = .10034, R²=.87027, and can be observed in Figure 13. A split-test analysis was done on the original sample and correlation between the two ultimate samples of N=58 was rs=.963; p<.001, so minimal differences are expected between the two groups. The first dimension (dimension 1) opposed colors based on their quality of warmth.

Indeed, red, orange, pink and yellow and to a lesser extent brown and white at one end oppose "cool" colors black, grey, blue, purple and green. Dimension 2 seems to represent a luminance scale, as white and black were opposed, with brown and purple clustered close to black, and grey and yellow relatively close to white; however, pink appeared in a central position. The third dimension maintains opposition between colors, more particularly pink/purple and brown opposed to yellow/green and white, though positions of the various points may be somewhat skewed by the two other dimensions.

DISCUSSION

We used a direct, color distance scale in order to construct average distances between color concepts, considering them as points in conceptual color space. The task required participants to conceptualize, not perceive, colors, and as such, we hoped to understand what factors they use to deal with colors at a conceptual level.

Overall, these results show that there is an irregularity in the spacing of color concepts between each other. Indeed, certain colors cluster together in conceptual color space, not always with specific links to clustering in perceptive color space. Furthermore, some colors appear regularly in groupings of proximity: when certain colors are a distance away from the target color, generally similar colors are observed to be about the same distance away.

Also, only a few colors seemed to be considered so extremely close to a target color that that proximity was significantly lower than that of other colors.

Our results, in line with those of Shepard and Cooper 29 concerning the fact that color proximities are based on an interaction between perceptive and semantic similarities, bring further evidence to the distinction between unique and non-unique colors. Indeed, there is a good correlation between conceptual and perceptive distances regarding achromatic colors white and black as well as for the unique colors red, green and blue. This could be due to the higher saliency for these unique colors as opposed to the other colors. Indeed, they appear privileged in non-linguistic tasks, for instance may be more linked to universal and statistical properties of light sources and reflective surfaces in the environment as well as in the organization of perceptive color space 32. For yellow however, conceptual and perceptive distances were not correlated in our study, as opposed to the three other unique colors. Witzel & Gegenfurtner 33 have indeed reported specific results concerning yellow, and Stoughton & Conway 34 found that color-responsive neurons reacted strongly to unique red, green and blue, but less so for unique yellow. Furthermore, considering color models, yellow is a subtractive primary while red, green and blue are additive primaries. Thus, further research may need to be undergone considering a different status for yellow amongst unique colors. For the rest of the basic colors, that were non-unique, (grey, orange, pink, purple, brown), proximities between concepts were not correlated to proximities with focals. This can be observed for example for orange that was considered close to brown in the conceptual color space but not as close in the perceptive color space, and the reverse observed for green, closest color to brown in the perceptual color space, but less so in the conceptual color space. Similarly, purple was conceived as further from orange than in the perceptive color space. Finally, grey which is achromatic, and therefore in the center of the perceptive color space, was however not equivalently distant from all the chromatic colors in the conceptual color space; namely, grey was very close to blue and far from orange or red.

It thus seems that for non-unique basic colors, perceptive aspects do not suffice to organize the concepts between each other, and participants rely much more on cultural aspects. For example, some colors are associated with certain social characteristics, such is the case for pink and blue, opposed relative to gender yet closer on a perceptive level, and red for danger and prohibition, opposed to green (Conversely, grey and blue are sometimes conceptually associated, while perceptively no further than other colors). The fact that perceptive aspects are not sufficient is confirmed by the multidimensional scaling, for which the main axis that can be identified is the luminance dimension opposing white and black, and a dimension opposing warm to cool colors.

In general, these results indicate that the organization of colors does not depend solely on perceptive constraints, but on various cultural aspects as well. The origin of unique colors, still debated in the literature 20, 33 has not been answered by this study, however, we have shown that the correspondence between unique hues, color terms and their corresponding

The first study shows that organization of basic colors is most likely dominated by conceptual aspects, and also influenced by cultural factor, especially for non-basic colorss. The following study investigated observers' emotional associations to basic color terms and their corresponding consensual perceptual exemplars thus differentiating conceptualization of color through color word from perception of color, trough color patch. We also extended the study to 22 non-basic colors.

II. 2. EMOTIONAL ASSOCIATIONS TO BASIC AND NON-BASIC COLOR WORDS AND PATCHES

Abstract :

Among the limited number of color terms existing to describe an almost infinite amount of perceived hues, basic and non-basic terms have been distinguished in the literature. The main aim of this study was to clarify to what extent basic and non-basic colors may be linked to dimensional and categorical emotions. In addition, we investigated the difference between color words, relying on color conceptualization and colors, relying on perception.

To do so, emotional and familiarity ratings were collected for 55 young adults on visual analogue scales. More precisely, we constructed a French language database for 33 color words (11 basic and 22 non-basic colors) and the 33 associated color patches, with corresponding mean estimates for negative and positive emotional valences, arousal, and association to basic emotions along with a measure of item familiarity. Results showed a difference between cool and warm colors on emotional valence and arousal, and higher familiarity for basic compared to non-basic colors. Beyond providing quantifiable data for emotional factors that should be useful for use in future research on color emotions and arousal, our results suggest a difference in conceptualization of basic and non-basic colors, paving the way for further research investigating the associations of semantic and emotional concepts to color words in specialized contexts.

Key words : color emotions, emotions,arousal, language, basic colors, non-basic colors,

STATE OF THE ART

The human visual system can distinguish thousands of different hues, yet color words only provide a handful of names with which to categorize these stimuli (Berlin & Kay, 1969).

Furthermore, colors have long been associated with emotional information, and this emotional information may be vehiculated by the color word (i.e., the concept associated with a particular hue). However, several studies have pointed out the need for standardization in color-emotion research (e.g., Kaya & Epps, 2004). Specifically, it remains to clarify to what extent colors may be linked to dimensional and discrete emotions. For this purpose, this study was designed to collect subjective emotional information regarding basic colors and non-basic colors (nuances of the basic colors) presented as words and as patches. We created a list of colors with precisions concerning arousal, negative and positive emotional valence as well as associations with the six basic emotions promoted by Ekman (1992). Characteristics of the different basic colors in the list have been described and compared in the present study, concerning in particular familiarity, arousal and emotional valence.

COLOR TERMS

Since the Greeks, with Empedocles' four elementary colors, there has been an interest in creating color order systems, but the development of a specific color order palette is more recent (Gage, 2013). One of the first standardized color order systems was created by Albert Munsell in the early 20 th century, who proposed a systematic arrangement of colors organized around a sphere with a central axis going from light to dark and using five primary colors: yellow, red, purple, blue, and green (see Cochrane, 2014). However, this standardized color system did not attempt to precisely associate each of the points in perceptive color space with specific color names. This was done later by Kelly andJudd (1955, 1976). They organized the Munsell solid into several levels of precision, with the first level distinguishing the generic color names: white, gray, black, yellow, orange, brown, red, pink, purple, blue, green, olive, and yellow-green. The next levels provided further detailed subcategories. The Munsell system thus now provides colorimetric values for each of the points in an objective color space. However, it is still centered on perceptive aspects, and attribution of color names to the different points in color space is not based on cultural consensus. Indeed, the names have been attributed by the creators of the systems as reference points to facilitate interpretation. The question of attributing culturally consensual color names to points in color space was investigated by Berlin and Kay (1969) who asked participants speaking different languages to name various points in Munsell color space and give best exemplars of each category. They identified eleven basic color terms, defined as monolexemic, frequent and consensual; black, white, red, green and yellow, blue, brown, and finally purple, pink, orange and grey.

In 1976, the World Color Survey (WCS) was started in order to complete and verify Berlin and Kay's findings (see Cook, Kay & Regier, 2005;Kay & Cook, 2015). Twenty-five speakers from 110 different languages were asked to carry out the same task as Berlin and Kay had proposed, presenting 330 different Munsell chips. The data gathered permitted the constitution, along with a large amount of demographic details, of term maps allowing visualization of how the basic terms used in each language mapped onto the twodimensional color space provided by the different Munsell chips.

As [START_REF] Steinvall | English colour terms in context[END_REF], has pointed out, a very small amount of research on color naming has addressed the question of non-basic, or elaborate colors. Nowaczyk (1982), found that people relied above all on basic color terms in their naming and were more correct at naming basic color patches than non-basic color patches. Smith, Furbee, Maynard, Quick and Ross (1995) asked English speaking students to write all the color words they could think of during two minutes, and found higher saliency for all the basic color terms as well as the non-basic term violet, as opposed to all the other colors. Yet the difference between basic and non-basic colors has not been documented a lot, and it seems important to do so, if anything to clarify their respective definitions.

COLORS AND EMOTIONS

Color is imbued with learnt symbolics, aswell as an emotional salience that can affect memorization (Clarke & Costall, 2007, Sherman & Clore, 2009). Functional emotions can be summed up as those fundamentally linked to the adaptation of the organism in response to the environment (i.e., anger, fear, joy, disgust, sadness, surprise; Ekman, (1992). In addition (or sometimes in opposition) to such approaches of categorical basic emotions, dimensional approaches of emotions have been used to define emotions by specific features independently of their category. Following the work of Osgood (1957) and Russel (1980), many researchers (e.g., Bradley & Lang, 1999 in English; Monnier & Syssau, 2013 in French) have characterized emotions on at least two main dimensions: emotional valence (ranging from positive to negative) and arousal (ranging from deactivation, calm, to activation, exciting). Recently, Kron, Pilkiw, Banaei, Goldstein, and Anderson (2015) have argued that critical information might be lost using a bipolar valence scale because it forces individuals to select the dominant information and might not reflect a mixture of positive and negative experiences. They therefore encouraged the use of two unipolar scales to separately measure positive and negative valences.

Despite the large amount of studies on emotions and their links to colors, the colors used were most often not referred to a standardized system or else only words were used to evoke colors with no comment as to what extent color words would give the same response as colors when perceived (see Kaya & Epps, 2004). Numerous studies provide associations between colors and "color-emotions" in the framework of Osgood's semantic differential (1957). These factors vary greatly depending on the study. For example, one study identified six factors: happiness, showiness, forcefulness, warmth, elegance, and calmness (Wright and Rainwater, 1962), and another four: impact, usualness, evaluation, and warmth (Hogg, 1969). Sato and Inoue (2000) identified three main color emotions: warmcool, soft-hard, and clear-greyish. Ou and colleagues (2004), in their study of color emotions for single colors, used ten bipolar color-emotion scales: warm-cool, heavy-light, modern-classical, clean-dirty, active-passive, hard-soft, tense-relaxed, fresh-stale, masculine-feminine, and like-dislike, which they evaluated as a culture and gender independent color-emotion model. These studies provide interesting categorical data regarding emotional concepts associated to each color, evoking for example either sobriety or sadness or both, yet there is no degree of appreciation such as could propose a study on levels of valence and arousal of stimuli. On the whole, it does not seem clear to what extent the color emotion concepts are linked to dimensional (positive, negative, and arousal) or categorical (anger, fear, joy, disgust, sadness, surprise) emotions that can be formulated independently of the color modality. Results are difficultly comparable to those obtained for other stimuli than colors, given that color-emotions are specific to that dimension and their link to basic emotion categories is never underlined.

A number of studies have however attempted to link basic emotions to specific color categories. When asking participants to link basic colors red, green, yellow, blue as well as black and white to specific emotions in terms of Ekman's categories, [START_REF] Terwogt | Colors and Emotions: Preferences and Combinations[END_REF] showed a consistent link between colors and the six basic emotions.

Moller, Elliott and Maier (2009) tested the association between red and negative emotional valence and between green and positive emotional valence while controlling hue and saturation. The results suggested an automatic link between emotional dimensions and color even if only focalizing on two hues. [START_REF] Kaya | Relationship between color and emotion: A study of college students[END_REF] asked college students to freely associate emotions to red, green, yellow, blue and purple, black, white and grey, as well as "intermediate hues" yellow-red, green-yellow, blue-green, purple-blue, and redpurple. They observed more positive responses concerning the five chromatic colors, a little less for the intermediate colors and even less concerning the three achromatic colors. Valdez and Mehrabian (1999) assessed the effects of color on emotions (from pleasurable to unpleasant), arousal and dominance. They found color hues to be linked to emotion, more so than to arousal and dominance. Results indicate that blues, greens and purples were considered pleasurable, while yellows and yellow associated with red and green were considered unpleasant. A review of color preference studies by Crozier (1999), confirms this preference for blue and green and dislike for yellow, with in general, a preference for cool, short wavelength colors as opposed to warm colors.. There has definitely been an effort to establish generalizable links between colors and emotions, yet there are few studies that simultaneously link color names and hues while providing trustworthy information concerning what emotions may be evoked in observers.

THE PRESENT STUDY

To our knowledge, the only detailed color name database that aims to map linguistic labels onto the perceptive color space for the everyday observer is the WCS (Cook, Kay & Regier, 2005). However, this cross-cultural database was designed to provide color names and corresponding perceptive coordinates, and does not allow examining how other dimensions linked to color, such as emotions, may be compared on these modalities.

Besides, as underlined by Kaya & Epps (2004; see also Valdez & Mehrabian, 1994), a number of color-emotion studies do not standardize the color stimuli used. The present study aimed to construct a French language database for 33 color words (11 basic and 22 non-basic colors) and the 33 associated color patches, with corresponding information concerning negative and positive emotional valence (Kron et al., 2015), arousal (Russel, 1980), association to basic emotions (Ekman, 1992) along with a measure of item familiarity (i.e., subjective frequency; Balota, Pilotti, & Cortese, 2001). The use of this latter measure, which traditionally refers to the frequency with which the participant encounters a word in his or her day-to-day life, has been shown to be an important predictor of word identification performance (e.g., Balota et al., 2001;Dorot & Mathey, 2010) and might also be important to consider for color investigation. To summarize, this database will provide new and detailed information on emotional characteristics (positive and negative valence estimates, arousal ratings, discrete emotion associations) and familiarity estimates for 33 color words and their 33 corresponding color patches.

Furthermore, we will run statistical analyses testing associations with positive and negative valences, arousal and discrete emotions for each of the basic and non-basic colors, as well as familiarity. We will examine whether basic colors are distinct from non-basic colors on all these variables, which should provide further information to the debate on were the boundary between basic versus non-basic colors might be situated, if at all. Such information may also permit to further characterize the unique quality of certain colors amongst basic colors (Kuehni, 2001;Miyahara, 2006). More precisely, the following predictions will be tested. Basic color terms being more psychologically salient (they come up first in naming tasks) and consensual (Berlin & Kay, 1969), than their non-basic counterparts, familiarity should be higher for basic as compared to non-basic colors.

Because it has been shown that familiarity ratings of pictures are correlated with the frequency of the word that labels that concept (Snodgrass & Vanderwelt, 1980), we also expect familiarity of color patches to be correlated to that of words. Familiarity should also be higher for words than for patches, because color words refer directly to the relevant concepts, so will be more cognitively salient. Because familiar items are seen as more positive than less familiar items (e.g., Garcia-Marques, Mackie, Claypool & Garcia-Marques, 2004) we assume that basic colors (that should be more familiar than non-basic colors) will have a higher positive emotional valence and lower negative emotional valence. Given that participants reacted emotionally to emotionally laden pictures but not to the corresponding emotional words [START_REF] Winkielman | Influence of Suboptimally and Optimally Presented Affective Pictures and Words on Consumption-Related Behavior[END_REF], we expect our participants to rate patches as more positively laden than words. Finally, arousal for the perception of color should be higher than when color must be imagined, because arousal describes the intensity of the emotional feeling experienced on being exposed to the stimulus. As regards effects of color on emotional valence, based on results from precedent studies (Valdez & Mehrabian, 1994;Crozier, 1999) concerning the difference between "warm" and "cool" colors, we expect warm colors to be considered more arousing than cool ones. Furthermore, warm colors should overall be considered more familiar than cool colors, because most cultures communicate more easily about warm rather than cool colors, maybe because of a higher profusion of warm colors in our natural environment (Gibson et al. 2017).

METHOD PARTICIPANTS

Fifty-nine young adults aged 18 to 36 (M=21,9) participated in the study, after being recruited amongst first-and second-year psychology students of the University of Bordeaux. All were native French speakers with normal or corrected-to-normal vision and no color perception deficiency (verified using the HRR test (Bailey, Neitz, Tait, Neitz, 2004).

MATERIALS

In total, 66 stimuli were selected. First, we used 33 color adjectives: 11 corresponding to each basic color term as defined by Berlin and Kay (1969); yellow, blue, red, green, black, white, grey, brown, orange, pink and purple) and 22 secondary colors designating nuances of these colors (e.g., carmine and scarlet for red ). Due to language properties, objective frequency of the basic color terms was always superior to that of the non-basic nuances in the French lexical database Lexique [START_REF] New | Lexique 2: A new French lexical database[END_REF]. Secondly, the 33 Munsell color patches corresponding to each consensual best exemplar (established by pretesting 20 people beforehand) were also used for each color word (see e.g., Sturges & Whitfield, 1995, Kuehni, 2001). The complete list of word stimuli with their frequencies is presented in the appendix.

PROCEDURE

The participants were tested individually in a quiet room after providing written informed consent. They provided judgements relative to the 33 color words and the 33 color patches, presented in a counterbalanced order. For each stimulus, a visual analogue scale was proposed in order to estimate the force of felt emotion (arousal;Russel, 1980), its proportion of negativity and its proportion of positivity (Kron et al., 2015). Participants also had to indicate the link between each stimulus and the six basic emotions (Ekman, 1992) using a graduated scale going from "not at all" to "very much" (Ric, Alexopoulos, Muller & Aubé, 2013). Subjective frequency was also measured on a similar scale going from "you never see this word" to "you see this word many times a day" (Robert, Dorot, & Mathey, 2012). The experiment was run using E-Prime (Schneider, Eschman & Zuccolotto, 2012). Stimuli were presented one by one, in the centre of the calibrated computer screen in a room lit with a single D65 lamp. The participant responded with a mouse click on the 100-mm visual analogue scale [START_REF] Wewers | A critical review of visual analogue scales in the measurement of clinical phenomena[END_REF]) that was presented below the stimuli on the screen with the corresponding indication mentioned below at each end. Trials were randomized so all participants saw all the stimuli in a different order.

RESULTS

Four dependent variables were considered (familiarity, arousal, and positive as well as negative emotional valence ratings on the visual analogue scale ). For each of these dependent variables separate ANOVAs were carried out, with color basicness (basic/nonbasic), presentation type (word/patch), and color (blue, yellow, red, green, orange, purple, brown, pink, grey, white and black) as within-subject factors. All the measures collected for each stimulus are presented in the appendix.

FAMILIARITY

Familiarity ratings according to presentation format and basicness are presented in Figure 14, and further details are provided for each basic color category in Table 1. There was a significant effect of color basicness on familiarity, F(1,56)=284.4, p<.001,  p 2 =0.8355.

Familiarity was higher for basic colors (70.47) than for non-basic colors (50.94).

There was a significant effect of presentation type on familiarity, F(1,56)=27.75, p<.001,  p 2 =0.3313. Familiarity was higher for presentation of the color word (63.78) than for presentation of the color patch (57.64).

A significant interaction was observed between presentation and color basicness, There was a significant interaction between presentation and color basicness, Individual basic color categories, shown in Table 2, gave rise to differing levels of arousal:

F
F
the most arousing colors were orange (75.39), red (75.04) and yellow (74.25). These colors did not differ significantly in their level of arousal (p>0.10 for the three pairwise comparisons), yet differed significantly from all other colors (pink : 45.79, blue: 41.58, green: 36.26, purple: 36.20, brown: 31.61, black: 29.53, white: 23.43 and grey: 22.88, p=<.001 for all pairwise comparisons). The least arousing colors were grey, white, black and brown. No significant difference was observed between these colors (p>.10 for all pairwise comparisons). However, black did not differ from the more central green and purple (p>.10 for both pairwise comparisons) and brown did not differ from green and purple (p>. 10), yet a difference with blue tended towards significance (p=.054). Mean positive valence ratings for each experimental condition are shown in Figure 16, and mean negative valence ratings for each experimental condition are shown in Figure 17.

Tables 3 and4 provide further details for each of these dependent variables, for each individual basic color category. There was a significant effect of basicness on positive valence, F [START_REF] Berlin | Basic color terms : their universality and evolution[END_REF]56) Presentation as a word was considered as more positive that presentation as a patch (64.18 versus 60.32), and less negative (28.99 versus 33.86).

No significant interaction effect was observed between presentation and basicness.

Colors most associated with a positive emotional valence were blue (75.97), white (71.09), purple (70.72) and red (65.06). These colors did not differ significantly between each other (ps>.10 for all pairwise comparisons), though blue and red tended towards significant difference (p=.097). Amongst the remaining colors, no particular grouping was substantially non-associated with a positive emotional valence, as no significant difference was observed between them (p>.05 for all pairwise comparisons), and all means were above 50. Association with negative valence was fairly low for all colors, as all judgments were under 50. Colors least associated with a negative emotional valence, were, consistent with those associated with the positive emotional valence, blue (20.02), purple (20.86) and white (22.45). No significant difference was observed between these three colors (p>.10 for all pairwise comparisons). Pink (29.74) did not differ significantly from these three colors (p>.10 for all pairwise comparisons), however this was also the case for pink and all the other colors, as pink was only significantly lower than orange (41.73, p<.05). Orange was the color most associated with a negative valence, along with brown (37.86), black (36.27), grey (35.37), yellow (34.71), red (34.71) and green (32.62,)(p>.10 for all pairwise comparisons). 25 31,09 20,25 29,17 23,74 63,62 53,96 36,37 Mean 75,04 36,26 74,25 41,58 29,53 23,43 22,88 36,20 75,39 45,79 31,61 Table 3 Positive valence ratings for each basic color depending on color type (basic/non-basic) and presentation (patch/word) [START_REF] Witzel | Are red, yellow, green, and blue perceptual categories?[END_REF]69 17,30 33,70 18,23 37,39 29,41 38,79 23,70 46,17 22,15 46,93 Word 29,53 25,53 32,70 11,65 38,61 21,85 38,18 21,78 36,19 27,55 31,68 Non-basic Patch 35,91 47,13 42,57 31,39 37,86 21,25 33,27 22,68 49,06 32,39 44,08 Word 39,71 40,54 29,86 18,80 31,24 17,30 31,25 15,30 35,50 36,88 26,35 Mean 34,71 32,62 34,71 20,02 36,27 22,45 35,37 20,86 41,73 29,74 37,[START_REF] Forder | Hearing words changes color perception: Facilitation of color discrimination by verbal and visual cues[END_REF] significantly higher than grey and white (22.87, p<.001; 23.43, p<.01). Green did not stand out as particularly associated with a positive emotional valence as compared to other colors (60.08), nor with a negative emotional valence (32.62). Yet the mean above 50 suggests that green was overall more positive than negative. However, green was the highest color associated with disgust (44.24).

YELLOW

Yellow was highly arousing (74.25) and did not stand out on the scale of positive emotional valence (60.08) or negative emotional valence (34.71), as compared with other colors, even if a mean above 50 shows yellow was overall more positive than negative.

Yellow was the color most highly associated with joy (71.93) as well as surprise (57.31).

Yellow was the color least associated with sadness (7.54), and was also poorly associated with disgust (11.6) and fear (9.58).

BLUE

Blue was not an arousing color, but central on the scale (40.58). However, blue stood highest on the positive valence scale (75.97), and lowest on the negative valence scale (20.02). Blue was second only to yellow in association with joy (65.76), and very poorly associated with anger (8.87), disgust (8.56) and fear (13.68).

BLACK

Black was low on the arousal scale (29.53), and was also relatively central on the positive valence scale (56.65), however, on the negative scale, it was not the most negatively associated color, but third in the list (36.27), after brown (37.26) and orange (41.73). Black was the color least associated with joy (14.8), and most associated with sadness (60.8).

Black was also the color most highly associated with fear (49.03). Finally, black was relatively associated with disgust (35.29).

WHITE

White was low on the arousal scale (23.43). White was associated with a positive emotional valence (71.09), and was not significantly lower on the scale than the most highly associated color, blue (75.97, p=N.S.). Consistent with this, white was also low on the negative emotional valence scale (22.45, p=N.S. with blue and purple). White was the color least associated with anger (7.89), and was very poorly associated with disgust (9.93) and fear (11.62), yet appeared more central as compared to other colors concerning joy (49.41), surprise (27.21) and sadness (25.15).

GREY

Grey was the least arousing color, lowest on the scale (22.88). Grey was relatively central on the positive emotional valence scale (55.89), but was third lowest in the list after orange (53.36) and brown (52.74). Grey did not stand out on the negative emotional valence scale (35.37). Grey was very poorly associated with joy (17.01), and did not differ significantly from black on this scale (14.8). Grey, like black, was also highly associated with sadness (56.64) and poorly associated with surprise (17.78).

PURPLE

Purple was central on the arousal scale in relation to other colors (36.20), significantly lower than the top colors orange, red and yellow (p<.001), and significantly higher than the low colors grey (22.87, p<.001) and white (23.43, p<.001). Purple was highly associated with a positive emotional valence (70.72). This color was the second least associated with a negative emotional valence (20.86), after blue (20.02, p=N.S.). Purple was poorly associated with anger (11.76), disgust (13.98) and fear (13.61), but did not stand out as associated to any particular emotion, means being under 50 for sadness (24.37) and surprise (34.9).

ORANGE

Orange was highly arousing (75.39), and was not low on the positive valence scale (53.36).

However, only brown (52.74) had a lower association with positive valence than orange.

Consistently with this, orange was the color most highly associated with a negative emotional valence (41.73), yet green, red, yellow, grey, black and brown did not significantly differ from orange (p=N.S.). Orange was highly associated with joy (61.63), and surprise (53.27) and poorly associated with sadness (9.18), fear (13.4) and disgust (16.08).

PINK Pink was relatively central on the arousal scale, and was significantly lower than the highly arousing colors red, orange, and yellow (p<.01 for all pairwise comparisons) while not significantly different from other central colors such as blue (41.58, p=N.S), green (36.26, p=.09) and purple (36.2, p=.084). As such, pink was seen as significantly more arousing than the remaining colors (p<.001). Pink had an association with a positive emotional valence of 63.15, significantly lower than blue (75.97, p<.05), but not significantly different from any of the other colors in the list (p=N.S). In the same way, pink was only significantly less associated with a negative emotional valence than orange (41.73 versus 29.74, p<.05). This color was very poorly associated with anger (15.01), disgust (14.87), sadness (10.94), and most of all, fear, for which it was the lowest associated color (9.01).

Association of pink with joy was above the mean of 50 (58.94), though this was less than yellow (71.92), blue (65.76) and orange (61.63).

BROWN

Brown was very low on the scale of arousal (31.61) and was not significantly higher than the least arousing colors in the list, black (29.53, p=N.S.), white (23.43, p=N.S.) and grey (22.87, p=N.S.). Brown was the color least associated with a positive emotional valence (52.74), though it was only significantly lower than the four top colors blue, white, purple and red (p<.05). Brown was not significantly different from orange on association to negative emotional valence (respectively 37. 26 and 41.73, p=N.S.). Brown was the second color most associated with disgust (42.64) after green. However, it did not seem particularly associated with any other emotion, and was particularly poorly associated with joy (26.48), anger (20.5), surprise (17.4), and fear (16.59).

DISCUSSION

This study provided emotional information linked to 33 words and the 33 corresponding consensual best color exemplars, with an emphasis on basic color categories. Research in color and emotion has often lacked standardization (Kaya & Epps, 2004), and has mostly concerned basic, as opposed to non-basic colors. In this study, though the results center around basic colors, an effort has been made to provide information for two non-basic nuances of each basic color, contributing to the debate on a potential boundary between basic and non-basic colors. This study looked at categorical emotions and dimensional emotional valence associated with various basic and non-basic colors presented as words and as patches. Visual analogue scales for familiarity, arousal and emotional valence permitted obtention of quantifiable data concerning these variables for each basic color category and further descriptions were attempted to link each basic color category to the six basic emotions described by Ekman (1992).

The present research does not allow any affirmation to be made concerning differences between basic and non-basic colors as regards emotion. It is the basic color category that drives the emotional association and the fact of the color being basic (e.g. red) or non-basic (e.g. a nuance such as carmine), does not change this. Similarly, presentation as word or as patch does not influence this. The main difference concerning presentation regarded arousal, for which, consistent with our hypothesis, arousal for words was higher than for patches, however, the effect depended on whether the stimuli were basic or non-basic colors. Perhaps due to their higher familiarity, linked to an easier conceptualization of what the corresponding hue was, basic color words were more arousing than non-basic color words. However, the opposite effect was observed for color patches. In line with previous studies on arousal of colors (Crozier, 1999, Valdez & Mehrabian, 1999, Moller et al., 2009), our results confirm an effect of warmth on arousal, given that orange and yellow were highest on the arousal scale and grey, black, white and brown were lowest. Basic colors were seen as more positive and less negative than non-basic colors. This could also be due to an easier conceptualization of basic colors as opposed to non-basic colors.

Overall, our results confirm previous findings that associated colors to different emotions, using various different methods [START_REF] Terwogt | Colors and Emotions: Preferences and Combinations[END_REF], Valdez & Mehrabian, 1999, Kaya & Epps, 2004). Such was the case for emotional information associated with each basic color category, as shown by our result positioning blue as the most highly rated color on positive emotional valence. Indeed, [START_REF] Kaya | Relationship between color and emotion: A study of college students[END_REF], had found blue to be, along with green, positive and relaxing. Our results were more mitigated for green, perhaps due to a high connotation with disgust in certain contexts. [START_REF] Terwogt | Colors and Emotions: Preferences and Combinations[END_REF] also found that the favorite adult color was blue, followed by green and red, and the least preferred were yellow, white and black. Our results went in the same direction, with black associated to sadness and fear, and fairly low on the positive valence scale. Moller et al (2009) established an automatic link between emotional dimensions and color for red and green: red was associated with negative words and green with positives ones. Their results are interesting in that they showcase the importance of context in the reaction to color; red and green being the only proposed color categories, participants would anchor their reactions to one or the other category based on the best semantic associations. Our results, by giving the possibility to participants to give two valence ratings (see Kron et al., 2015), one positive, and one negative, show how color can carry both emotional information, perhaps depending on the context. Interestingly, the associations with Ekman's basic categories are consistent with this latter explanation: red is associated to positive joy, but also to anger, which can be seen as negative.

Contrary to our hypothesis that patches would be more positively laden than words, our results showed the opposite, with presentation as a word more positive and less negative than presentation as patches. This was true for both basic and non-basic colors. This result does not seem consistent with that obtained by Winkkielman and Gogolushko (2018) who showed that participants reacted above all to emotional pictures as opposed to words.

Nevertheless, this discrepancy between our data and those from Winkkielman and Gogolushko might be attributed to differences in the non-verbal stimuli used in the two studies (i.e., respectively, color patches and emotional pictures). Interestingly, this may suggest a difference in how color images are processed, compared to object pictures, the latter probably conveying more semantic information.

Concerning familiarity, basic colors were expected to be more familiar than non-basic colors, and this is indeed the case, as judged familiarity was significantly higher for basic rather than non-basic colors. This effect was even more pronounced for words as opposed to color patches. This could be due to the fact that a handful of basic color terms are used frequently in the language, while there is a higher variability in the amount of hues that are seen. Furthermore, the large amount of hues is compressed into a limited number of color categories. However, no specific effect of warmth was found on familiarity as was observed by Gibson et al. (2017). In fact, orange and yellow were amongst colors lowest on the familiarity scale. The most familiar colors were in fact the achromatic colors grey, black and white. Following Gibson's interpretation of an easier cultural communication concerning colors with a high profusion in the environment, this could be attributed to the high profusion of these achromatic colors in the day to day environment of the respondents (today, most computers, phones, and various other objects are achromatic).

To conclude, our research overall confirms previous findings on the association of specific colors to specific emotions. Differences in basic versus non-basic colors were observed above-all on arousal and familiarity. Our research provides measures of dimensional valence and associations to categorical emotions for all eleven basic colors and two associated non-basic colors, thus providing a database of information for 33 basic and nonbasic colors. We hope this can constitute a useful tool for researchers interested in the relationships between colors and emotions, especially those investigating differences between considering color as a concept and as a percept. Indeed, the availability of such color-related information (with ten emotional and familiarity indicators for both color patches and color names) makes it possible to investigate such relationships with offline and also online measures of color processing or word processing. Further research considering other languages, other cultures, and effects of usage on color conceptualization may be of interest. Use of color lexicons and concept/percept as well as associations with emotions may vary based on these factors and even in a single culture, certain areas of professional or occupational expertise can rely on usage of specific arrays of colors or differing lexicons, adapted to specialized contexts.

Following the two preceding studies investigating more conceptual aspects, a third study, applied to the Arts and Sciences field, used an experimental method to test the interaction between perceptive and psycholinguistic factors on color categorization with two ambiguous colors (yellowish and reddish ochers) and a non-ambiguous color (greys) likely to induce an illusory color. Color background was varied to evaluate the influence of perceptive color contrast on color categorization and a Stroop task was used to evaluate automatic association to color word, namely color-word interference.

II. 3. PERCEPTIVE AND PSYCHOLINGUISTIC INFLUENCES IN COLOR CATEGORIZATION OF AMBIGUOUS COLORS : AN ATTEMPT IN ARTS AND SCIENCES TO ACCOUNT FOR A MEDIEVAL ILLUSION

Abstract :

This study experimentally investigated a medieval color illusion in which a grey color was likely to be perceived as blue. Two direct tasks requiring naming and matching to Munsell patches were proposed on the original paintings to evaluate the illusion. Results showed that greys were names "blue" by almost half of participants and that matching was deviated towards blue areas of L*a*b space , evidencing the illusion. An indirect Stroop task was also used in which hues from the paintings (15 greys, 15 yellowish and 15 reddish pigments) were associated to a limited set of basic color terms (blue, grey, yellow, red and a control xxxx). Background color was varied between yellow and white to investigate a color contrast modulation of the illusion. Results showed an interference effect in all conditions, whether the grey was associated to the congruent word grey or blue, and whether the observers was first exposed to the paintings or not. Moreover, a modulation due to background color contrast was observed on modifying the interference effects of incongruent color words and not specifically on facilitating the blue illusion. Results are interpreted in light of anchoring of color concepts: even outside of the pictorial context, a cue such as a color word could serve as an anchoring point for perception at an automatic level of response. Once a cue such as a color word is activated in association with a hue, it biases color perception towards the prototype of the color in question.

Key-words: color perception, color illusion, color concept, color name, stroop task, blue, grey

STATE OF THE ART

The fact that color corresponds to a cognitive reconstruction of the visual environment based on a certain number of heuristics means that it sometimes fails to correctly reproduce the visual environment. Kitaoka (2012), has classified several color illusions based on their different mechanisms of action. A notable color illusion is the color contrast effect first described by Eugene Chevreul in the nineteenth century. Even when reflective properties of a colored area remain the same, their perception may vary drastically based on surrounding colors. Thus, grey will appear yellow on a blue background. Similarly, color constancy refers to the fact that colors may appear to be the same even when illumination changes. This has been notably shown in association with the memory color effect [START_REF] Witzel | Memory Color[END_REF], whereby an object with a prototypical color, such as a banana, will appear yellow even through huge variations in illuminations. Several studies have looked at memory color effects and shown that objects that have a prototypical color, such as a banana or a tomato, are more easily identified in a congruent rather than incongruent condition (Bramao, Reis, Petersson, & Faísca 2011). Furthermore, using object-stroop tasks in which a prototypically colored object is presented in a congruent (e.g. red) or incongruent (e.g. purple) color, the true color is recognized more easily in the congruent condition (Naor-Raz, Tarr & Kersten, 2003). Finally, concerning situations in which colors are ambiguous, on a boundary between two color categories (e.g. blue and green), association of the color to a color-diagnostic object biased the appearance towards the diagnostic color of that object (Kubat, Mirman, Roy, 2009, Hurlbert & Ling, 2007, Mitterer & de Ruiter, 2008).

The experimental study of such illusions used in Art participates as much in the comprehension of Art history as to color perception in general [START_REF] Conway | A tour of contemporary color vision research[END_REF]. Long before they were experimentally studied, there is evidence of use of illusions by artists from as early as prehistoric cave paintings (Valladas et al. 2001), the artists appearing to have used the forms in the stone to give depth to their drawings, making it look as though they were seen from a point far behind the painter. In the Renaissance, artists have used the chiaroscuro technique, opposing light and dark hues to give impressions of depth (Brooks, 2017). Furthermore, it has been shown that medieval painters created illusions of prestigious materials, notably gold, by using varnished tin instead (Mounier, Daniel & Bechtel, 2009).

Another illusion has been observed in various medieval paintings in southwestern France in which a pigment consisting of carbon and calcite, associated with a flat reflectance spectrum, and thus logically seen as grey, has been considered blue by a large number of observers (Daniel & Mounier, 2015). This may be due to various contextual factors such as complementary color effects by which a grey seems to take the complementary color of the color next to it (a grey surrounded by yellow will seem slightly blue, and surrounded by red, will seem slightly green). It may also be due to a memory color effect due to the association with the prototypically blue objects the pigment depicts: the sky, or the virgin's mantle. This illusion was probably deliberately created by the artists as an alternative for real blue pigments (Lapis Lazuli from Afghanistan or Arenite from Germany), extremely expensive at that period.

For the purpose of the present research, samples of this grey pigment have been taken from various mural paintings from southwestern France and their perception, categorization and naming were assessed in two direct tasks (naming and matching) and in an indirect colorword interference task with manipulation of background color contrast (weak :

Experiment 1 or high : Experiment 2). evaluate the ability to inhibit cognitive interference (Stroop, 1935). Subjects are shown words written in various ink colors and asked to give the color of the ink as fast as possible while making the least errors. There are generally three conditions (McLeod, 1991): the congruent condition (i.e. word RED written in red ink; the incongruent condition (i.e. word RED written in blue ink) and generally some form of neutral condition (color words written in black and a list of symbols or lines with the different ink colors). Because reading is an automatic process in a normal reader adult, the participant is thus obliged to inhibit the automated response in the incongruent condition, in order to correctly give the ink color. This entails longer response times and more errors in the incongruent condition than the neutral one and shorter response times and less errors in the congruent condition than in the neutral one and the incongruent condition (MacLeod, 1991;Scarpina and Tagini, 2017).

Because the focus in this task was usually set on word processing rather than on color categorization, perceptive factors have rarely been manipulated in the Stroop task, with two exceptions reported by MacLeod (1991), that varied the hues of the ink to be named by the participants. Greater interference and faster naming were observed for achromatic hue patches as opposed to chromatic ones (Dyer, 1971) and verbal interference in a Strooplike task was enhanced when the colors to choose from were dissimilar (e.g. orange, green, purple) as compared to similar (e.g. red, orange, yellow) (Flowers and Dutch, 1976).

MacLeod states that variations in number, saturation and similarity on the color dimension could be carried out in order to offer further understanding on how participants associate a color term to a given hue and how this affects the Stroop effect. To our knowledge, since MacLeod's review on the Stroop task, no study has attempted to manipulate the intensity and saturation of the hue associated to the color word.

Such a manipulation was in fact done in the present study: the ink color in the Stroop task was varied, with a presentation of various reddish, yellowish, and grey hues sampled from the medieval paintings described previously. This will provide information on how participants categorize ambiguous colors on an automatic level in association with a limited number of provided congruent and incongruent labels. The participants had thus to choose either from red, yellow and grey as labels or from red, yellow and blue as labels, that is from the three supraordinate basic color terms of the samples, whether they presented the blue illusion or not (as participants were divided into a "Blue" or a "Grey" group depending on the response they made in the first naming task in the painting) . The main hypothesis is that facing the ambiguity of the perceived hue and the small number of categories to choose from, participants will anchor the hue to the most resembling category label. Indeed, learning a specific color-word association is critical in generating the Stroop effect (Gul & Humphreys, 2015). The adapted Stroop task will also help answer the question of how automatic the illusory categorization was made either in the direction of blue or grey. In the Stroop task, the grey pigment will thus be presented out of context, as the ink color of the word stimuli: (color word "blue" or "grey" depending on the group for the congruent condition and "yellow" and "red" for the incongruent conditions) whereas for the yellowish and reddish pigments, there was only one congruent word ("yellow" and "red", respectively) and two incongruent words : "red" and "grey or blue" and "yellow" and "grey or blue"). Assuming the anchoring hypothesis is correct, a congruency effect will thus be expected when the colorimetrically grey pigment is associated with the "grey" category in the grey group but also with the "blue" category in the blue group, and an incongruency effect when the pigment is associated with "yellow" and "red" categories.

We also introduced a complementary yellow color for the background screen to experimentally reproduce the color context found in the medieval paintings and to evaluate the effect of perceptive contrast on the magnitude of the stroop interference effect. As background color plays a modulatory role in the false-blue illusion, a larger interference effect should be observed for grey (false-blue) ink associated with BLUE category on a yellow background screen, as compared with on a white background screen.

METHOD 1. PARTICIPANTS

Forty-four students between the ages of 18 and 36 participated in the study in the context of validation of a course module. All were students in first or second year of psychology except for some voluntary participants, of a more advanced level (Bac+3-4) or from other disciplines. Their normal color vision was verified using the HRR test (Bailey, Neitz, Tait, Neitz, 2004).

MATERIAL AND PROCEDURE

The experiment took place in an experimental box. Participants were placed around 50cm from a computer screen for which the scanning frequency was 60 Hertz with a resolution of 1360x1024 pixels. Luminance of the Philips screen associated with the ATI Readon HD colorimetric properties of the samples taken from the paintings were measured using a portable Minolta 2600 D spectrophotometer, in the following conditions: D65 lighting, 10°, measures in SCE and SCI (specular reflexion included or not) and without contribution of UV with a diameter of 3mm for the measured zone, as on the mural paintings. Colorimetric and luminance characteristics of the computer were controlled with a LUT. Samples were reproduced on the screen according to the LUT transformation and colorimetric properties of the sample were verified once again. Naming and matching of colors on the medieval paintings did not necessitate temporal control, and was done by simple presentation on a Microsoft Powerpoint. For naming, three experimental scenes were selected, and for each one of them, three target hues: the false-blue grey and two control hues: one ochre (yellowish) and one brick (reddish). One first scene containing no objects was first presented as training, followed by the three experimental scenes, remaining on the screen for three questions specifying one of the three target zones in the image. The participant was asked to give orally, as spontaneously as possible, the name of the color of the zone. For the matching task, the 3-slide sequence was shown again and the participant was asked this time to pair the specified area with the best corresponding square on the Munsell plate.

Twenty-two participants amongst those having carried-out the naming and matching tasks were then asked to carry out a Stroop task with the grey associated with BLUE word, and twenty-two with grey associated with GREY word. Participants were attributed to each group based on their previous naming task : participants having denominated the grey "blue" at least once were asked to carry out the Stroop task with grey associated to BLUE word as the congruent condition, and participants having denominated the grey as "grey"

or "black" were asked to carry out the Stroop task with grey associated to GREY word in the congruent condition. Each group was divided by two so that one half carried out the Stroop task on a yellowish background (La*b*: 81. 33, 8.8, 50. 84), and the other half on a white background. There were thus four groups of eleven participants.

The Stroop task was programmed using Matlab version 7.2 (R2006a), associated with the image processing toolbox, as well as signal processing and Psychotoolbox. A fixation cross was displayed in the centre of the screen for 500ms. This was followed by the target stimulus during 200ms. The participant was asked to categorize the ink color as fast and precisely as possible between three alternatives differing depending on the group: blue, yellow or red for the BLUE group and grey, yellow, or red for the GREY group, by pressing the corresponding key on the key pad (b,j,r or g, j r). Ink color was ambiguous, with variations of 15 grey (false-blue) inks, 15 samples of yellowish ink and 15 samples of reddish ink, samples drawn from the medieval paintings. The congruent condition for each ink was GREY or BLUE word for the grey inks, YELLOW word for the yellowish inks and RED word for the reddish inks. Congruent conditions were repeated once to equalize congruent and incongruent trials. There were 30 congruent trials and 30 incongruent trials (association of grey with RED or YELLOW, for example). Trials were shown randomly.

RESULTS

Results for the direct tasks, naming and matching, are presented followed by those for the indirect, Stroop task.

NAMING AND MATCHING

Naming varied for the two control hues (yellowish: yellow, beige, gold, cream, blonde, skin; reddish: orange, red, brown, ochre, rust, bronze, brick, maroon, copper, etc…) and slightly less for the false-blue (grey, blue, marine blue, blue-grey, grey-blue, light blue, slate, black). Namings were grouped into main categories for the purpose of analysis, as

shown in Figure 19. Concerning reddish and yellowish hues, the chosen categories corresponded in large part to the colorimetric characteristics of the spectra: red/orange/brown for the reddish and yellow/beige/gold for the yellowish. For the grey hue, around a third of participants considered the specified detail to be blue in each paintings, thus manifesting sensitivity to the illusion. A total of 43% of participants seemed sensitive to the illusory blue at least once. Choice of categories also varied for each hue: for the yellowish control hue, "beige" was often used when the object was a face, and for grey, the virgin's mantle was seen as "blue" more than when the specified zone was the background. A last analysis attempted to evaluate the link between the two direct responses given by participants, comparing distributions of matchings for the "blue" group (i.e. those participants who at least once qualified the grey as blue in the spontaneous naming task) to matchings formulated by the "grey" group (participants that never manifested the illusion, always having correctly denominated the areas grey or black). Even if both groups did show a deviation towards blue, the deviation was twice as large for the blue group than for the grey group, as is shown in Figure 22.

STROOP TASK

Two repeated measures analysis of variance were carried out on percentages of error (% error) and on correct response time (CRT) with group (blue or grey) and background color (white or yellow) as two between-subject factors and word (blue/grey, yellow, red) and ink color (grey, yellowish, reddish) as two within-subject factors :. Two-by-two mean comparisons were then specified using Bonferroni.

There was a significant main effect of the word type on CRT, F(2,80)=9.715, p<.001,  p 2 =.095 with longer CRTs for red (757ms), than for yellow (724ms, p<.05) but not blue/grey (734ms, p=N.S.), and on % error, F(2,80)=9.715, p<.001,  p 2 =.195, with a higher % error for red (16%) than for blue/grey (13%, p<.01), and for yellow (12%, p<.001).

There was also a significant main effect of ink on CRTs, F(2,80)=21.064, p<.001,  p 2 =.345; grey (675ms) gave rise to faster CRTs than reddish (767ms, p<.001) and yellowish (772ms, p<.001). There was a significant main effect of ink on % error, F(1,40)=63.412, p<.001,  p 2 =.613: % error was significantly lower for grey (4%) than for red (11%, p<.001) itself significantly higher than for yellow (26%, p<.001), that is, a performance close to chance.

Main effect of background was observed on % error, F(1 ;40)=60.642, p<.001,  p 2 =.602. % error was much lower on a white background than on a yellow background (6% versus 21%). 24). Indeed, for each ink color, mean CRT was significantly faster for the congruent condition than the two incongruent conditions (between whom no significant differences were observed). For grey ink, the mean CRT of 589ms observed for the blue/grey word was significantly lower than that for yellow word (809ms, p<.001) and red word (804ms, p<.001). For yellowish ink, the mean CRT of 669ms observed for the yellow word was significantly lower than that for blue/grey word (702ms, p<.001) and for the red word (800ms, p<.001). Finally, for reddish ink, the mean CRT of 698ms observed for the red word was significantly lower than for the blue/grey word (734ms, p<.001) and for the yellow word (837ms). On % error, interference effects were only partly observed. For grey ink, no significant difference was observed between words (Blue/grey: 2%, yellow: 5% and red: 6%, p=N.S.). For yellowish ink, precision for red was bad (34%, significantly higher than precision for yellow; p<.001).

There was a significant interaction between ink and background color, shown in Figure 25, F(2,80)=10.547, p<.001,  p 2 =.208 on CRT and on % error, F(1,40)=41.666, p<.001,  p 2 =.510. On a yellow background; yellowish and reddish gave rise to significantly higher CRT than grey ink (883 and 774 versus 630, ps<.001 for both pairwise comparisons), while this was not the case on a white background (741 and 761 versus 720, ps=N.S.). % error was significantly higher for yellowish than grey and red inks on a yellow background (43% versus 4% and 16%, p<.001), and reddish also gave rise to significantly higher % error than grey (16% versus 4%, p<.001). This was not the case on a white background where none of the inks were significantly higher than the other (reddish : 6, yellowish: 9% and grey: 4%, ps=N.S.). 

SHORT DISCUSSION

The results in this first experiment showed the blue illusion was obtained for a consequent number of observers. Direct naming results showed that all the hues were ambiguous as a large number of color words were used to characterize the color. Concerning the grey pigment, of interest here, 43% of participants named, at least once over three paintings, the hue "blue" even though it was colorimetrically grey, in fact a dimly yellowish grey, probably due to mix in the sample between the actual pigments in the painting and the beige support wall for these mural paintings. The illusory perception of blue went further than simple verbal categorization, because even when given the choice in a matching task, participants biased their matching towards the blue areas of color space, when more central values, close to measured objective values would have been expected (as was the case for the control hues yellowish and reddish). One interesting aspect is that the bias towards blue of matchings varied depending on the prototypicality of the object represented, as deviation towards blue was higher when grey was used to represent the two virgin mantles than for the painting's background. Thus, our result showing that a different basic color label, namely blue; could be associated with an objective basic color, namely grey, at least for some people, extend previous color category effects showing that a hue could be deviated toward a prototype (Golstone, 1994;[START_REF] Witzel | Memory Color[END_REF].

Secondly, the Stroop task aimed to evaluate the automaticity of the blue illusion, associating the grey pigment to a BLUE or GREY word label, and out of pictorial context.

A typical Stroop interference effect was observed for each of the ink colors studied here, that is for atypical reddish and yellowish colors, as well as for the typical grey ink. In fact, the interference effect did not significantly differ in the two observers group, that is whether the grey ink was associated to the word GREY or BLUE in the congruent condition. This means participants continued to associate the grey ink to the category they had given it before, even outside the context of the paintings, and that this association was robust enough to be efficient in an automatic task.

However, results concerning the background manipulation between yellow and white failed to show a modulation of Stroop effect, specifically by color contrast. Indeed, the Stroop effect did not significantly vary according to background. Nevertheless, the performance of categorization globally decreased for yellowish and reddish inks on the yellow relative to white background, independently of group. This showed that the yellow background color disrupts the categorization of the two ochre inks, and especially the yellowish one, but it had no beneficial effect on the grey ink.

However, participants had first carried out a contextual task that had influenced their association of the grey with either the corresponding GREY label or the illusory BLUE label. The question remains whether the only word context in the stroop task suffices to create the illusion. Furthermore, the yellow contrast in this experiment was not strong (i.e. saturation was low). A second Stroop task was thus carried out with a higher saturated yellow background while attributing participants randomly to a BLUE or GREY category, in order to evaluate whether anchoring of the hue to an arbitrary given category could influence word-hue associations at an automatic level of response. Moreover, in this second Stroop task, a control condition (XXXX) was added to distinguish between facilitation and inhibition in the whole Stroop interference effect. We again wished to evaluate the effect of simultaneous contrast induced by the background color on participants' associations, specifically, the effect of simultaneous contrast on the facilitation induced by association of grey to BLUE or GREY word.

Experiment 2: Blue illusion in the absence of painting context : Stroop color-word interference

For experiment 2, the Stroop task was replicated with an enhanced manipulation of the color of the background screen on which the colored words were presented. The objective was to induce a simultaneous contrast to test the hypothesis that the interference effect of BLUE associated to the ambiguous grey could be modulated by a yellow background. This time, the yellow chosen for the background was much stronger than in the previous experiment. Furthermore, in order to evaluate the anchoring of responses to a category label in the absence of painting context, the two previous direct tasks on paintings were removed. Hence, participants performed the stroop task only, and were attributed randomly to a group associating the pigment to the word BLUE or GREY, irrespective of the capacity the participant has to present the illusion or not . We expected to replicate the results from experiment 1, specifically, thanks to the inclusion of a control condition, we expected to dissociate the interference effect with a facilitation (shorter CRT and less % error for both BLUE and GREY congruent words associated to the grey ink, as compared to the XXXX control condition) and an inhibition (shorter CRT and less % error for XXXX associated to the grey ink, as compared to the two incongruent words YELLOW and RED). If perceptive and psycholinguistic factors interact, both facilitation and inhibition effect should be enhanced by the yellow background as compared to the white background, specifically for the BLUE group. A hundred and twelve new participants were recruited amongst psychology students from the University of Bordeaux. Seventy-two validated a teaching unit, in exchange, and 40 were strictly voluntary. Normal color vision was verified with the HRR test (Bailey, Neitz, Tait, Neitz, 2004), and all participants were kept for the study. The participants were randomly attributed in four groups of 28 participants each.

MATERIALS AND PROCEDURE

The experiment again took place in an experimental box in the same conditions as Participants were attributed to a GREY or BLUE group randomly, with 56 participants per group. Thus, inside each of these groups, half the participants completed the Stroop task on a yellow background, the other half on a white background.

In the Stroop task, the participants had to categorize as rapidly and precisely as possible the color of the ink used, between three alternatives that varied depending on the group: blue, yellow or red for the BLUE group, and grey, yellow or red for the GREY group. Ink colors were the same as in the previous experiment : 15 ambiguous hues of grey, yellow and red, which will be named "grey", "yellowish" and "reddish". Congruent conditions were repeated once to equalize congruent and incongruent trials : there were 30 congruent trials (ex. : with the word BLUE (or GREY depending on group) for grey ink), 30 incongruent trials (ex. : with the word YELLOW or RED for grey ink), and 30 neutral trials were also presented (ex. : grey ink associated with XXXX). These 90 trials were presented randomly within an experimental block. During each trial; a fixation cross appeared in the center of the screen for 500ms, followed by target presentation during 200ms.

A significant main effect of group was also observed on % error, F [START_REF] Berlin | Basic color terms : their universality and evolution[END_REF]103) ** ** ink, there was only a tendency towards a facilitation effect, word BLUE/GREY (602ms), shorter than XXXX (646ms, p=0.05), and tow inhibition effect with word RED and YELLOW, with CRT for both significantly higher than for XXXX (p.<001). For yellowish ink, there was no significant facilitation as the CRT for the word YELLOW (669ms) that was not significantly different from the control condition (702ms, p=N.S.), but the words BLUE/GREY and RED did produce a significant inhibition (p<.001). Finally, for reddish ink, there was both a significant facilitation as CRT was shorter for RED (674ms) relative to control condition XXXX (729ms, p<.01), and two significant inhibition effects due to both BLUE/GREY and YELLOW (817ms and 788ms, p<.001). The interaction between ink color and color word was also significant on % error; (see Figure 28, right) F(6,618)=29.52, p<.001,  p 2 =.223. Concerning grey ink, % error was only significantly higher for the incongruent RED (6%,) than for BLUE/GREY (2%, p<.05), and tend to be higher than for the XXXX condition (3%, p=.07) for yellowish ink, % error for YELLOW (16%) was significantly lower than for BLUE/GREY (21%, p<.001), and RED (27% ,p<.001) but not the control XXXX (18%, p=N.S.), and finally for reddish ink, RED (7%)

gave rise to lower % error than BLUE/GREY ( 11%, p<.001), than YELLOW (10%, p<.01) and XXXX (10%, p<.05). 

***

There was also a significant interaction between word, ink color, and background color on CRT, F(6;618)=2,2; p<0,05,  p 2 =.021, and on % error, F(6;618)=2,2; p<0,05,  p 2 =.021 (see Figure 29).

In fact, as shown in the two bottom graphs on % error, the strong degradation of performance for the yellowish ink relative to both grey and reddish inks by the yellow background relative to white background was more pronounced for the incongruent word RED than for the other incongruent word (blue/grey), which means that the inhibition for word RED slightly increased on the yellow background. This was also observed on CRT for yellowish ink, as the inhibition found for the word BLUE/GREY relative to XXXX on a white background disappeared on the yellow background whereas the inhibition found for the world RED for yellowish ink on the white background slightly decreased on the yellow background. Moreover, CRT analyses for the grey ink showed that the facilitation effect disappeared on the yellow background relative to the white background: the decrease in CRT on the yellow background relative to white background found for the grey ink when associated with incongruent words YELLOW and RED and with XXXX disappeared for the congruent BLUE/GREY. On the contrary, for the reddish ink, the decrease in CRT found for the control condition for the yellow background relative to the white background disappeared for both congruent and incongruent words, producing a transformation of facilitation in inhibition on the two backgrounds. In the present study, the influence of the strong yellow background mainly affected the response to the yellowish ink, making it more difficult to categorize the yellow ochres as yellow due to contrast with the background, instead of facilitating the categorization of the grey ink as blue, as was expected. In fact, the global interaction between background color and ink color was mainly based on a strong difficulty with the yellowish ink, not on the grey ink, and was independent of the observer group. This specific difficulty with yellowish ink was probably due to the fact that the yellowish ochres already appeared more tinged with red on a yellow background than on a white background, including a color contrast rather that color assimilation as one could have expected, and thus responses were biased toward the RED category, as specific analysis of error has shown. Hence, the strong yellow background in this experiment had such an adverse effect on the responses to yellowish ink that it yields that yellowish condition particularly difficult to interpret due to random responses.

However, the yellow background color nevertheless induced a modification of the colorword interference effects for the two others inks, as the shorter categorization of the grey ink that the yellow background produced relative to the neutral white background was observed for incongruent words and for the control XXXX but not when a congruent word was used, as if the facilitation created by the single congruent word was so strong that the perceptive facilitation could not add a supplementary benefit. Namely, the yellow background color produced a perceptive benefit for grey ink except when associated with the congruent word (either BLUE or GREY depending on the group), possibly because the perceptive benefit was not as strong to compete with the powerful benefit of the context created by the congruent word. . For the reddish ink, the same mechanism should operate, but due to the higher color proximities between the response to give "red" and yellow than between response "grey" or "blue" and yellow (Flowers and Dutch, 1976), the yellow background decreased the response time in the control condition only.. Therefore, the modulation of the interference effect (both facilitation and inhibition) by the perceptive color background suggests an asymmetry between the perceptive and the conceptual influences. When no concept are activated (in the XXX condition) or when a different concept was evoked (incongruent word, far from the background color), the perceptive benefit of the background occurred, but when a congruent concept was associated with the response, the perceptive influence disappears.

DISCUSSION AND CONCLUSION

Samples of an illusory blue yet spectrally flat pigment present in various Medieval murals were submitted to naming and matching then used as color stimuli in a Stroop task associating it to grey or to blue. Matching was deviated towards blue in L*a*b color space, and naming was "blue" for half of the observers. This is evidence that the grey in the Murals is manifestly an illusory blue, and could have been a deliberate effort from the artists to recreate a real blue. The fact that the objects depicted seem bluer when blue is their prototypical color goes in this direction, but it may also be due to simultaneous contrast from the yellowish pigments surrounding the grey (Daniel & Mounier, 2015).

Following this, the Stroop tasks aimed to test semantic (due to the association of color words) and perceptive (simultaneous contrast) effects on the presence of this illusion. Very few studies have varied ink color in the Stroop task (see MacLeod, 1991), but in the present study we presented our color stimuli in varying shades, due to the fact that we had chosen fifteen occurrences of grey (false-blue), reddish and yellowish to be associated with the blue, grey, red and yellow color words in the task. Being samples from the murals, our color stimuli were more ambiguous than in most Stroop tasks, as they tend to present ink colors more prototypical of the available color categories. Therefore, our study presented participants with either a true grey, an ambiguous yellow and an ambiguous red. We also manipulated the background color of the stimuli presented between yellow and white, to test whether the ambiguous grey would appear bluer due to simultaneous contrast effects.

From the first Stroop task, the results showed that participants anchor their response to the most resembling category label (the grey goes with grey when grey, red, and yellow are proposed, and with blue, when blue, red and yellow are proposed), correctly categorizing the ink faster in the congruent than in the incongruent condition. This result shows therefore the illusion is relatively robust, taking place even outside the context of the paintings, but it is not clear to what extent this is due to the previous association serving as a cue or to anchoring to the actual available words in the stroop task because of grey going better with the blue category than with the red or yellow. A second Stroop task was carried out, again manipulating background color but somewhat more strongly, and a control condition was integrated into the stimuli to distinguish between facilitation and inhibition within the interference effect. Furthermore, participants were attributed randomly to a blue or grey group. Our second Stroop task replicated the results of the first, with an interference effect for association of BLUE and of GREY to the grey ink, even though participants had been attributed randomly to the groups. This result therefore goes in favor of the possibility of anchoring of the grey to the most resembling of the available color categories, thus grey for the grey group and blue for the blue group. Indeed, there was a facilitatory effect of association of one or the other of categories with the grey as opposed to the control no word condition, and an inhibitory effect comparing the control condition to association with the words red or yellow. Furthermore, the modulation of color word interference by perceptive contrast suggests dissociation between a strong top-down effect due to the label, and a weaker bottom-up effect due to color-contrast. as it seems that the interaction between perceptive and conceptual effects favors the concepts rather than the percepts within the competition..

Overall, these results indicate a semantic influence anchoring perception of ambiguous hues to specific basic color categories, as interference effect observed here for yellowish and reddish hues are identical to the classic interference effect found for basic hues.

Indeed, in light of Lupyan's theory of online anchoring of color categories (Lupyan, 2012), once some form of cue has activated a color label, the perceived hue will warp to resemble it. In the case of an ambiguous hue, such as the yellowish and reddish hues investigated here, a color word may have warped the perceived color. Furthermore, an even more important anchoring effect is found here, as the grey hue could be indifferently associated to a GREY or BLUE word label, that is, two different non-ambiguous basic color terms.

Indeed the central position of the grey color in the spectra could favor such plasticity. The question of how the hue, ambiguous or not, is anchored to a color category opens the question of whether objects with specific color properties may also give way to such an effect or is the effect limited to labeling with a color word. Indeed, the memory color effect discussed by Gegenfurtner and Witzel (2016), could in the case of an object Stroop task done with ambiguous colors and also the grey color, create a similar effect. Moreover, using more conceptual knowledge such as objects associated to colors, as opposed to color words, could even allow further examination of how much semantic information is necessary for such warping to take place in the Stroop task.

In terms of the Arts and Science dimension, these results provide further evidence of the use of illusions by painters, long before scientific knowledge of how these illusions came about was developed. It seems indeed possible that artists used principles of anchoring of the percept to a color concept, in addition to contrast effects, to their advantage. This could be particularly easy for grey, due to its central position in the spectra and in this particular context is in line with artists' apparent confusion between blue and mixings of white and black reported by Ristoro d'Arezzo in the thirteenth century (see [START_REF] Gage | Color and culture: Practice and meaning from antiquity to abstraction[END_REF].

The main objective of this thesis was to bring new evidence on the influence of perceptive and psycholinguistic factors on color cognition. This work was developed along three main axes. The first study investigated the conceptual organizations of basic colors, with a comparison of the subjective conceptual organization of basic color terms to the organization of the corresponding consensual color exemplars in perceptual color space.

Overall, the results show that there is an irregularity in the spacing of color concepts between each other and bring further evidence to the distinction between unique and nonunique colors. The second study extended beyond basic color terms and investigated participants' associations of basic but also non-basic colors to emotions. Results from this study permitted the construction of a database containing subjective ratings of positivity, negativity and arousal for 11 basic and 22 non-basic color words and patches as well as associations to the more specific basic emotional categories. Finally, a third study investigated a medieval illusion in which an achromatic, spectrally flat pigment, gave way to perception of an illusory blue in almost half of observers. A Stroop task was adapted to test the automaticity of labeling ambiguous hues with a limited number of color terms and the interaction between perceptive and psycholinguistic factors.

The two first studies in this work insist on the conceptual nature of color, whether in terms of semantics, with the cognitive color space, or in terms of emotions, with a focalization on color-emotion associations. The first study showed how conceptual color space varied as compared to perceptive color space, depending on the unicity of the color. Our results

show how a distinction between unique and non-unique colors is most likely pertinent, in line with research on partitioning of color space (Jraissati & Douven, 2017) as well as with research demonstrating that color categories in infants actually follows La*b* color oppositions (Skelton, Catchpole, Abbott, Bosten & Frankin, 2017). Optimal partitioning of color space is based on perceptual factors, with a clustering around unique colors black and white and red, green, blue, yellow, while the other colors are more due to linguistic conventions and thus more conceptual in nature. Moreover, further research into the true distinctions between non-unique basic color terms as opposed to non-basic color terms may be of interest [START_REF] Casson | Russett, Rose, and Raspberry: The Development of English Secondary Color Terms[END_REF], Mollon & Jordan, 1997). Indeed, the basic color term model of color categorization may need to be nuanced [START_REF] Haynie | Phylogenetic approach to the evolution of color term systems[END_REF]. Still focalizing on the conceptual nature of color, the second study in this thesis also investigated people's familiarity with and emotional associations to basic colors and nonbasic colors. Our results showed that basic colors were more familiar than non-basic colors, particularly concerning color words, that arousal was higher for basic colors presented as words than as patches, and that basic colors were considered more positive and less negative than non-basic colors. Familiarity for basic colors was even higher for color words than color patches, which could be due to a large amount of hues existing to choose from, while there are only a limited amount of basic color categories. Concerning emotions and arousal for different colors, our results are in line with most studies focalizing on colors and emotions, particularly a preference of cool colors blue, green, purple and a dislike for yellow and achromatic colors, as well as a higher arousal for "warmer" colors as opposed to "cool" colors (Crozier, 1999). Both these two first studies suggest that a differentiation between basic and non-basic colors may be particularly relevant when studying color language. In other words, conceptual processes are particularly important for non-unique or non-basic colors, permitting to deal with color on a more semantic level, such as associations to emotions or other concepts. In line with the importance of taking into account both the perceptual and semantic aspects of colors, the database in Study 2 provides emotional information for the 11 basic color terms and their corresponding focal exemplars. The database also provides information for 22 non-basic colors. It is meant to be of use for further research concerning emotional associations to perceived colors and color concepts, in other words, for both the perceptive and linguistic aspects of color. Recently, [START_REF] Fugate | What Color Is Your Anger? Assessing Color-Emotion Matchings in English Speakers[END_REF] have indeed put forward that emotions may be linked to colors partly because we use language in dealing them. These authors insisted on the importance of cross-cultural and linguistic studies of color-emotions in future research on other languages and cultures. To go further, investigating other usages such as levels of expertise implicating various color lexicons could be of interest.

Other usages such as levels of expertise implicating various color lexicons could be of interest. Indeed, lexicons and emotional associations made towards different color stimuli whether color words or color percepts could vary based on such contextual factors.

The last study presented in this thesis shows the importance of color categories in color cognition. Our results show anchoring of perception to basic color terms for ambiguous hues and extend the possibility of this association to a non-ambiguous color, namely grey, that could even been associated to a different basic color term, blue. Indeed, the same interference effect has been found for grey associated to the congruent word grey or blue.

This opens the question of the influence of color cueing on perceiving hues and can be explained by online anchoring of color categories, as developed by Lupyan (2012). Once a color category has been activated and associated to a specific hue, perception of this hue will then be warped towards the prototypical exemplar of this category. In the context of the Medieval paintings that was the applied aspect of this work, this implies that once observers have associated the grey pigment to the blue concept, this gives rise to a blue bias of their matchings to Munsell patches and corresponding coordinates in perceptive color space. It has indeed been shown that artists have long taken advantage of various topdown effects in order to simulate the visual environment. It seems artists may have proceeded in a similar way here, taking advantage of a phenomenon of anchoring possibly enhanced by a blurring between the definition of blue and that of grey demonstrated by Ristoro d'Arezzo's statement that light and dark create blue [START_REF] Gage | Color and culture: Practice and meaning from antiquity to abstraction[END_REF], as well as by the relative proximity of blue and grey concepts in Study 1.

To conclude, this thesis has shown how important the conceptual aspect of color is to color categorization and to color processing. The results are in line with a recent review by Witzel (2018), that argues that effects of color categories act at the cognitive level of color processing and that it may be important to go beyond basic color terms in the study of color categorization. It is hoped that this work helps in specifying the characteristics of color categories, more precisely the importance of considering the interaction between color concepts and color percepts when studying ambiguous colors, emotions or other concepts linked to colors, or else simply color language. On the whole, these results

suggest that the perceptual stimulus provided by the visual system on low-levels of processing is complexified by a large amount of semantic processes before giving way to the actual phenomenological dimension of color. Future research may want to consider conceptual organization of color in different languages not just in various cultures, but also in one single culture but depending on usages that may vary depending on such factors as expertise (e.g. geologists use various color terms for types of stone, graphic artists have precise names for varying nuances).

Figure 20 :

 20 Figure 20 : Munsell matchings (bubble plot) and objective values (small circles) measured on the paintings, in a*b* coordinates, for the three hues. The white square shown on the color legend indicates the area of color space shown in the graph, because of the abscissa changes. ________________________________ 108 Figure 21 : Munsell matchings in a*b* coordinates for the three false-blue greys in the study. _________ 109 Figure 22 : Munsell matchings in a*b* coordinates for the BLUE group (left) and GREY group (right). ___ 109 Figure 23 : Interaction between group and color word on % error. Mean % error with SE are shown on the yaxis as a function of Group (on the x-axis) and of word (see legend in color in the body of the graph). Green lines indicate the significant 2 by 2 comparisons using a Bonferroni Holm correction _________________ 111 Figure 24: Interaction effect between ink color and word. Mean CRT (left graph) and mean % error (right graph) with SE are shown on the y-axis as a function of Color ink (on the x-axis) and of word (see legend in color in the body of the graph). Green lines indicate the significant 2 by 2 comparisons using a Bonferroni Holm correction. ________________________________________________________________________ 111 Figure 25: Interaction effect between background color and ink color. Mean CRT (left graph) and mean % error (right graph) with SE are shown on the y-axis as a function of Background Color (on the x-axis) and of color ink (see legend in color in the body of the graph). Green lines indicate the significant 2 by 2 comparisons using a Bonferroni Holm correction. _____________________________________________ 113 Figure 26: Interaction between Background Color and Color ink on CRT and on % error. Mean CRT (left graph) % error (right graph) with SE are shown on the y-axis as a function of Background Color (on the xaxis) and of Color Ink (see legend in color in the body of the graph). Green lines indicate the significant 2 by 2 comparisons using a Bonferroni Holm correction. _____________________________________________ 119 Figure 27: Interaction between Background Color, Group and Word on CRT. Mean CRT with SE are shown on the y-axis as a function of Background Color and Group (on the x-axis) and of Color Ink (see legend in color in the body of the graph). Green lines indicate the significant 2 by 2 comparisons using a Bonferroni Holm correction _____________________________________________________________________________ 120 Figure 28: Interaction between Ink Color and Word. Mean CRT (left graph) and mean % error (right graph) with SE are shown on the y-axis as a function of Ink Color (on the x-axis) and of Word (see legend in color in the body of the graph). Green lines indicate the significant 2 by 2 comparisons using a Bonferroni Holm correction. ____________________________________________________________________________ 121 Figure 29: Mean CRT (upper graphs for white background on the left and yellow background on the right) and mean % error (lower graphs) with SE are shown on the y-axis as a function of Color Ink (on the x-axis) and of Word (see legend in color in the body of the graph). Green lines indicate the significant 2 by 2 comparisons using a Bonferroni Holm correction. _____________________________________________ 123

Figure 1 :

 1 Figure 1 : Newton's color wheel (from Isaac Newton, 1704 in Wikimedia Commons).

Figure 2 :

 2 Figure2: A Reflectance spectrum of a surface consisting of two components, one on low wavelengths, the other on long ones (abscissa), and the result of a lighting (ordinate) by daylight (B), with a poor filtering of long wavelengths, or a tungsten lightbulb (C), with a good filtering of low wavelengths (fromPalmer, 2004).

Figure 3 :

 3 Figure 3 : Left, the Munsell color system, with color patches organized based on luminance (Value) along the central axis, chroma along the horizontal axis and hue on the circumference of the sphere. Right, the CIE Chromaticity diagram shows a slice of the sphere in La*b* color space, with color labels positioned at various points (Wikimedia Commons).

Figure 4 .

 4 Figure 4. However, it seems the spectrally opponent neurons do not truly represent red-

Figure 4 :

 4 Figure 4 : The visible spectrum is a result of the summations of different levels of excitation of L, M, S cones and Rods. Post-retinal neurons react to excitations from specific cells only, giving way to the variations in color perception and the existence of opposing colors.

Figure 6 :

 6 Figure 6 : Left: seemingly red strawberries (from Akioshi Kitaoka, 2017) Right: old young woman illusion (Wikimedia Commons).

Figure 7 :

 7 Figure 7: Left, hydrant positioned on top of a mail-box, a non-logical position[START_REF] Biederman | On the semantics of a glance at a scene[END_REF]; Right, the Dress illusion[START_REF] Lafer-Sousa | #TheDress: Categorical perception of an ambiguous color image[END_REF].

Figure 8 :

 8 Figure 8 :The Orrery, by Joseph Wright of Derby, shows use of chiaroscuro to give a strong sense of depth (J.W. of Derby, 1766).

Figure 9 :

 9 Figure 9 : Carbon and calcite were possibly used as an alternative to expensive blue pigments in this 15 th century mural of the pieta, from Beynac, France.

  the conceptual organization of colors: namely, to what extent does the conceptual organization of basic color concepts differ, if at all, from the organization in color space of the consensual focal colors associated to each of these concepts. The aim was to underline the main factors explaining the subjective organization of basic color concepts, in particular, whether these factors were still perceptive ones, such as dimensions of color opposition and luminance, or whether other, more cultural factors, could come into play. The second study extended beyond only basic color terms and investigated variations in observer's associations of basic and non-basic colors to emotions, when presented as color words (requiring participants to access the color concept) or color patches (consensual focal colors for each color concept). A database will be constructed containing levels of association of 11 basic and 22 non-basic color words and patches to dimensional emotions[START_REF] Kron | How Are You Feeling? Revisiting the Quantification of Emotional Qualia[END_REF] as well as specifically to the six basic emotional categories(Eckman, 1992). The final study presented in this work started from a medieval illusion showing a situation in which a single color, grey, was associated with two color labels. Using a Stroop task, we tested how automatic the association was, and how both a perceptive factor (color contrast) and psycholinguistic factors (association to congruent and incongruent words) could explain the illusory phenomena..

  Two important models are commonly used to illustrate the expanse of color experiences made available by the human visual system. The objective of CIE La*b*, the present version of which was developed in 1976, by the Commission Internationale de l'Eclairage (CIE), is to illustrate the totality of human color experience using three axes (L: Luminance, a*: red-green axis, b*: blue-yellow axis). Within this model the Delta E 2000 10 color distance formula is used to correctly calculate distance between points in La*b* color space by non-linear calculation. Calculating Delta E 2000 distances between various points in La*b* color space allows their comparison on one same plane. The other essential tool also used in color perception is the Munsell Color System 2 (MCS), which provides a summary of the totality of color discriminations possible to the human visual system, and can be used in naming or matching tasks. Over 400 color chips are organized based on chroma, value and hue, and their equivalents in CIE L*a*b can be calculated.The first linguistic study of color categories, by Berlin and Kay 1 , aimed to understand whether naming of color categories covered the same area of perceptive color space in various cultures. Basic colors are defined as colors having four characteristics; they are monolexemic (not predictable from the meaning of their parts), they are not a nuance of another color term (such as crimson, which is a nuance of red), they are not terms used only in very specialized contexts (such as the words used for characterizing wood, the coats of horses, or specific paints) and they are psychologically salient (coming up first in naming tasks). At a more specific level, a large amount of non-basic colors are used based on various contexts of use (e.g., maroon, cerulean, lime...), and are considered nuances of the more general basic color terms.

  space. Sturges and Whitfield28 showed 20 participants 446 Munsell samples and asked them to name each one of them. They then recorded the samples that were the most consistently named (by the same participant), consensually named (by different participants), focal colors (consensual samples whose naming was more rapid than average, and that could thus be considered "best examples" of that category) and centroids, calculated by averaging Munsell hue, chroma and value for all the responses that used the same color name. Of interest here are the focal colors obtained by Sturges and Whitfield28 , and colors the authors considered were "linked" based on confusability. Focal colors on a two-dimensional representation of Munsell space were overall located in similar areas than those found by Berlin and Kay1,28 . Sturges and Whitfield established which colors were more likely to be confused with each other, in order to discern which of them were more or less close. They proposed a three-dimensional space linking all 55 pairs based on whether participants were likely or not to name a sample one color or the other, for example naming a sample X red or brown. The matrix thus obtained allowed a three-dimensional solid representing all the eleven basic color terms based on how easily they were confused.The research presented above always consisted either in naming of perceptive samples, establishing perceptive proximities in Munsell or L*a*b space, or in positioning color labels in the perceptive color spaces. To our knowledge, only one study investigating how color categories were organized between each other outside of the actual act of perceiving has been carried out29 . Shepard and Cooper 29 compared similarity data for color terms and for their actual perceptive equivalents. For the nine color terms red, orange, gold, yellow, green, turquoise, blue, violet and purple, the authors, prior to the experiment, asked participants with normal color vision to choose a best exemplar for each color term. The color chips chosen for the six basic color terms fell into regions of perceptive color space that were considered to be prototypical exemplars of those colors based on Berlin and Kay's work on color naming 1 . Participants were given cards with pairs of colors either displayed or named upon them. They were asked to organize the shuffled deck until all cards were organized based on the similarity between the two colors on each card. The color proximities thus provided by five groups of participants consisting of 14 participants with normal color vision, and 18 with some form of visual deficiency, were analyzed using multidimensional scaling. Whether colors were presented as terms or as corresponding focal hues, an organization resembling Newton's color circle was observed, this organization was observed also for the color-deficient participants. The horizontal and vertical axes that were identified corresponded to both blue-yellow and red-green color opponency processes. This research gives some insight as to how colors may be organized conceptually and whether this conceptual, cognitive organization is correlated with perceptive organization of color categories. However, Shepard and Cooper 29 focused their study on comparing deficient versus non-deficient color vision, thus questioning a smaller number of normalvision participants than in the present study which focused on generalizing aspects of color conceptualization. Given the small number of normal-vision participants and the use of only a part of basic color terms, it seemed of interest to retest the question with many respondents and using basic color terms, the agreed upon basis of color language and perception in most western European cultures.The aim of the present study was to modelize the conceptual representations of basic colors, by asking participants to evaluate how subjectively close or far each color pairs were to each other, based on color terms only. Subjective values obtained will provide a cognitive color space, based solely on how participants conceive proximities between color concepts. To evaluate how correlated this conceptual color space is to the localizations of focal hues in perceptive color space, each corresponding focal hue in CIE La*b* color space was gathered based on the research of Sturges and Whitfield. Based on previous research, it can be hypothesized that the unique colors green, red and blue, yellow, may be easier to conceptualize and have a higher correlation with perceptive organization, as compared to non-unique basic colors orange, purple, pink and brown. We also aimed to determine whether the proximity between organization for basic color terms and their corresponding focal colors decreased for non-unique colors relative to unique colors.Based on the research of Shepard and Cooper 29 , it can be hypothesized that a cognitive color space representing Newton's classic color circle may be obtained. Analysis of proximities of each color to a target color will inform as to what factors are used by participants to organize color concepts between each other, of particular interest, whether this organization is based on perceptive proximity of linguistic categories, knowledge about color mixing or other cultural aspects. METHOD 1. PARTICIPANTS Participants were 79 voluntary French speaking participants aged between 18 and 65 (M=26), 44 women and 35 men. They were tested for color vision deficits (with the HRR plates, Hardy, Rand & Ritler 30

Figure 10 :

 10 Figure 10 : Mean proximity ratio (y axis) observed for the 11 basic color terms (x axis) with standard error and with the proximity ratio as dependent variable and each basic color as within-subject factors.

Figure 11 :

 11 Figure 11: One graph for each of the 6 unique basic colors shows results observed for the 10 comparison colors (x axis) with the proximity ratio (filled bars) (y axis). Perceptive distance (calculated in CIEL*a*b color space with Delta E 2000, blank bars) was added for comparison and the horizontal thick bar was added to indicate the center of the proximity ratio scale (50).

Figure 12 :

 12 Figure 12 : One graph for each of the 5 non-unique basic colors shows results observed for the 10 comparison colors (x axis) with the proximity ratio (filled bars) (y axis) . Perceptive distance (calculated in CIEL*a*b color space with Delta E 2000, blank bars) was added for comparison and the horizontal thick bar was added to indicate the center of the proximity ratio scale (50).

  which showed the Munsell coordinates of each color, as the best consensual prototypes amongst a population of 20 undergraduates (10 F, 10 M), between ages 18 and 25, and with no formal training in color. We converted Munsell coordinates to L*a*b. Perceptive distances between the 11 L*a*b color coordinates were then obtained using the Delta E CIE 2000 color-difference formula (CIE Technical report, 2001) that provides a number between 0 (close) and 100 (far).

Figure 13 :

 13 Figure 13 : Results from the multidimensional scaling analysis show the three dimensions best explaining organization of the 11 basic color terms between each other. Colors of the points in the figure indicate the actual color term.

Figure 15 :

 15 Figure 15 : Arousal ratings depending on presentation (patch/word) and color type (basic/non-basic)

Figure 16 :Figure 17 :

 1617 Figure 16 : Ratings of positive valence depending on presentation (patch/word) and color type (basic/non-basic)

Experiment 1 :

 1 Determination of the blue illusion : Naming, matching to Munsell, and Stroop color-word interference Two direct tasks were used to evaluate the verbal and perceptive categorization of the pigment in the context of a reproduction of the painting on a computer screen. A naming task aimed to identify what color terms participants associated the pigments with: participants were asked to give the color best labeling specified areas in the pictures. A matching task aimed to establish participants' perception of the hue and coordinates in L*a*b color space, by asking participants to match specified areas on the pictures to Munsell patches. An indirect automatic task was also used to explore categorization of these pigments outside of the context of the actual paintings. The Stroop task allows to

Figure 18 :

 18 Figure 18 : three scenes used in the experiment for the naming and matching(colors not calibrated for printing here) A. A pieta, Beynac, 15th c. (details chosen were cape, buttons, areola) B. a knight (background, armor, face on the right), Belvès, 14th c. C. The Virgin of the Announcement (dress, hair, background), Montferrand du Perigord, 14th c.

Figure 19 :

 19 Figure 19 : Naming percentages for hue (reddish, yellowish or false-blue), and for each detail considered in the scene.

Figure 20 :

 20 Figure 20 : Munsell matchings (bubble plot) and objective values (small circles) measured on the paintings, in a*b* coordinates, for the three hues. The white square shown on the color legend indicates the area of color space shown in the graph, because of the abscissa changes.

Figure 21 :

 21 Figure 21 : Munsell matchings in a*b* coordinates for the three false-blue greys in the study.

Figure 22 :

 22 Figure 22 : Munsell matchings in a*b* coordinates for the BLUE group (left) and GREY group (right).

Figure

  Figure 23 : Interaction between group and color word on % error. Mean % error with SE are shown on the y-axis as a function of Group (on the x-axis) and of word (see legend in color in the body of the graph). Green lines indicate the significant 2 by 2 comparisons using a Bonferroni Holm correction

Figure 25 :

 25 Figure 25: Interaction effect between background color and ink color. Mean CRT (left graph) and mean % error (right graph) with SE are shown on the y-axis as a function of Background Color (on the x-axis) and of color ink (see legend in color in the body of the graph). Green lines indicate the significant 2 by 2 comparisons using a Bonferroni Holm correction.

experiment 1 .

 1 Like in experiment 1, the Stroop task was programmed with Matlab version 7.2 (R2006a), For two groups out of four, the background screen was set at L*a*b 98,48 -11,07 35,95 on Matlab color instructions (yellow) and for the two other groups at L*a*b 100 0 0 (white).

Figure 28 :

 28 Figure 28: Interaction between Ink Color and Word. Mean CRT (left graph) and mean % error (right graph) with SE are shown on the y-axis as a function of Ink Color (on the xaxis) and of Word (see legend in color in the body of the graph). Green lines indicate the significant 2 by 2 comparisons using a Bonferroni Holm correction.

Figure 29 :

 29 Figure 29: Mean CRT (upper graphs for white background on the left and yellow background on the right) and mean % error (lower graphs) with SE are shown on the yaxis as a function of Color Ink (on the x-axis) and of Word (see legend in color in the body of the graph). Green lines indicate the significant 2 by 2 comparisons using a Bonferroni Holm correction.

  

  

  coordinates for the BLUE group(left) and GREY group (right). ___ 109 Figure23: Interaction between group and color word on % error. Mean % error with SE are shown on the yaxis as a function of Group (on the x-axis) and of word (see legend in color in the body of the graph). Green lines indicate the significant 2 by 2 comparisons using a Bonferroni Holm correction _________________ 111 Figure 24: Interaction effect between ink color and word. Mean CRT (left graph) and mean % error (right graph) with SE are shown on the y-axis as a function of Color ink (on the x-axis) and of word (see legend in color in the body of the graph). Green lines indicate the significant 2 by 2 comparisons using a Bonferroni Holm correction. ________________________________________________________________________ 111 Figure 25: Interaction effect between background color and ink color. Mean CRT (left graph) and mean % error (right graph) with SE are shown on the y-axis as a function of Background Color (on the x-axis) and of color ink (see legend in color in the body of the graph). Green lines indicate the significant 2 by 2

	DES COULEURS ET DES MOTS : INFLUENCES RESUME EN FRANÇAIS DE LA THESE
	PERCEPTIVES ET SEMANTIQUES DANS LE TRAITEMENT La couleur est un objet d'étude complexe, dont les définitions varient selon l'approche
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comparisons using a Bonferroni Holm correction. _____________________________________________ 113 Figure 26: Interaction between Background Color and Color ink on CRT and on % error. Mean CRT (left graph) % error (right graph) with SE are shown on the y-axis as a function of Background Color (on the xaxis) and of Color Ink (see legend in color in the body of the graph). Green lines indicate the significant 2 by 2 comparisons using a Bonferroni Holm correction. _____________________________________________ 119 Figure 27: Interaction between Background Color, Group and Word on CRT. Mean CRT with SE are shown on the y-axis as a function of Background Color and Group (on the x-axis) and of Color Ink (see legend in color in the body of the graph). Green lines indicate the significant 2 by 2 comparisons using a Bonferroni Holm correction _____________________________________________________________________________ 120 Figure 28: Interaction between Ink Color and Word. Mean CRT (left graph) and mean % error (right graph) with SE are shown on the y-axis as a function of Ink Color (on the x-axis) and of Word (see legend in color in the body of the graph). Green lines indicate the significant 2 by 2 comparisons using a Bonferroni Holm correction. ____________________________________________________________________________ 121 Figure 29: Mean CRT (upper graphs for white background on the left and yellow background on the right) and mean % error (lower graphs) with SE are shown on the y-axis as a function of Color Ink (on the x-axis) and of Word (see legend in color in the body of the graph). Green lines indicate the significant 2 by 2 comparisons using a Bonferroni Holm correction. _____________________________________________ 123

  et 22 non-basiques (modalité conceptuelle, i.e., nécessitant l'accès au concept de la couleur référée), et sous la forme de 33 patchs de couleurs (modalité perceptive, i.e., représentant les teintes focales consensuelles pour chaque concept). Les

	estimations des participants recueillies sur des échelles de familiarité, de valences
	émotionnelles (positive et négative) et d'arousal ont permis d'obtenir des données
	quantifiables concernant ces variables pour chacune des couleurs basiques, avec des
	descriptions plus détaillées concernant les liens entre chaque couleur basique et les six
	émotions basiques. Pour chaque modalité de présentation (conceptuelle et perceptive),
	et six
	émotions catégorielles basiques (Eckman, 1992) associées à des couleurs basiques et non-

basiques, présentées sous forme de mots et de patchs

de Munsell. 

Plus précisément, les stimuli ont été présentés à chaque participant sous la forme de 33 mots de couleur, dont 11 couleurs basiques nous avons ainsi recueilli les estimations de familiarité, d'arousal, de valences émotionnelles positive et négative, ainsi que d'associations aux six émotions basiques pour 11 couleurs basiques et 22 non basiques. Concernant l'association de couleurs spécifiques aux émotions, les résultats de cette étude confirment ceux des études précédentes réalisées sur le sujet avec différentes méthodes, montrant notamment une préférence pour le bleu et le vert, une aversion pour les couleurs achromatiques, ainsi qu'une influence de la

  pourront constituer un outil utile pour construire un matériel expérimental contrôlé dans de futures recherches portant sur l'étude des couleurs et des émotions.La dernière étude présentée dans ce travail proposait d'étudier expérimentalement une illusion colorée dans laquelle une couleur grise était perçue comme bleue. Cette illusion avait été relevée dans une douzaine de peintures murales médiévales dans lesquelles un contexte coloré ocre pouvait induire un contraste coloré vers le bleu, en même temps que les objets représentés avaient une couleur prototypique bleue(Daniel et Mounier, 2015).Deux tâches directes de dénomination et d'appariement de couleur sur les peintures de la catégorisation des teintes jaunâtres sur le fond jaune, mais pas de facilitation de l'illusion du bleu, ainsi qu'une modification des effets d'interférence des mots de couleur. Ces résultats sont interprétés en termes d'ancrage des catégories colorées(Lupyan, 2012). Une fois qu'un indice tel qu'un mot de couleur a été activé en association avec une teinte, celui-ci biaise la perception de la couleur vers le prototype de la catégorie de couleur en question. La plupart du temps, ces effets sont observés pour des teintes ambigües, et nos résultats vérifient cet effet pour des teintes ambigües et étendent cette possibilité à une teinte non ambigüe, la couleur basique grise, sûrement en raison de

	OF COLORS AND WORDS: PERCEPTUAL AND SEMANTIC I. 1. DEFINING COLOR
	INFLUENCES IN THE COGNITIVE PROCESSING OF COLOR
	I. THEORETICAL FRAMEWORK

Les différences entre couleurs basiques et non-basiques s'observaient sur l'arousal et la familiarité ainsi que sur la valence émotionnelle. Les couleurs basiques avaient une valence émotionnelle plus positive et moins négative que les couleurs non-basiques, et-ce quel que soit le type de présentation. Par ailleurs, la familiarité et l'arousal étaient supérieurs pour les couleurs basiques présentés sous forme de mots, par rapport a une présentation sous forme de patchs. Ces supériorités sur les mots pourraient être liées a une saillance psychologique plus élevée pour les couleurs basiques par rapport aux nonbasiques surtout sur le plan conceptuel, autrement dit, des mots. Au-delà de l'intérêt des analyses réalisées, les différentes mesures émotionnelles et de familiarité recueillies pour chacune des 33 couleurs dans leur forme perceptive (patch) et dans leur forme conceptuelle (mot) ont été proposées. Les résultats montraient que les appariements du gris étaient déviés vers le bleu dans l'espace L*a*b, et que les teintes étaient dénommées "bleu" pour presque la moitié des participants. Ceci démontrait le caractère illusoire de la perception bleue et suggérait que l'utilisation de ce pigment gris bon marché pouvait avoir été un effort délibéré des artistes pour simuler un bleu réel. Une troisième tâche plus indirecte, a été adaptée de la situation de Stroop (McLeod, 1991) dans laquelle des teintes ambigües (15 gris, 15 jaunâtres et 15 rougeâtres extraits des peintures médiévales) ont été associées à des mots de couleur basiques (BLEU ou GRIS, JAUNE ET ROUGE ou un item contrôle XXXXX). Par ailleurs, le fond d'écran était soit blanc soit coloré en jaune pour créer un contraste coloré. Les résultats ont montré un effet d'interférence dans toutes les conditions, les teintes ambigües ou illusoires amenant des effets comparables. Les participants tendaient ainsi à ancrer leurs réponses vers la catégorie la plus ressemblante (le mot JAUNE pour les teintes jaunâtres, le mot ROUGE pour les teintes rougeâtres et indifféremment le mot BLEU ou GRIS pour les teintes grises). Ce résultat démontrait donc que même en dehors du contexte pictural, un indice comme un mot de couleur permet de servir de point d'ancrage pour la perception, à un niveau automatique de réponse. Les résultats montraient également un effet du contraste coloré amené par le fond d'écran, avec une perturbation globale sa position centrale dans le spectre. Il semble ainsi qu'un simple contexte de mot de couleur puisse venir biaiser la catégorisation.

Les trois études réalisées dans cette thèse ont permis de spécifier les caractéristiques des catégories de couleur, plus précisément l'importance de considérer l'interaction entre concepts colorés et percepts colorés lors de l'étude des couleurs ambigües, des émotions ou autres concepts associés aux couleurs, ou simplement du langage coloré. Dans l'ensemble, les données convergent pour suggérer que le traitement du stimulus perceptif fourni par le système visuel précoce est complexifié par de très nombreux processus sémantiques. Il serait intéressant pour des recherches futures de considérer si les organisations conceptuelles des différentes couleurs varient selon les langues, à la fois au sein d'une culture (selon des facteurs tels que l'expertise ou les habitudes langagières) et entre cultures et/ou langues différentes, et a quel point ces organisations conceptuelles viennent influencer la perception de la couleur selon ces groupes.

  Saturation is the purity of the color experience, with more vivid experiences on the outer edge of the color space. Lightness refers to the height of a given color in relation to the central axis, thus grey colors will be around the center, and generally white at the top and black at the bottom. Again, definitions and reference points Over 300 color chips are organized based on chroma, value and hue, and their equivalents in CIE L*a*b can be calculated.

	used in naming or matching tasks.
	defining hue, saturation and lightness may vary depending on the color space, some may
	define points of color in relation to standard references, in terms of photometric qualities,
	or what can be considered primary colors. Color space models vary depending on
	objectives and contexts of use (RGB, YUV, HSL/HSV, CMYK and CIE). CIE color space
	was first created in 1931 (CIE 1931 XYZ), to illustrate the expanse of color experiences
	made available by the human visual system in a perceptually uniform way, representing in
	effect a uniform color space (UCS). The objective of CIE L*a*b is to illustrate the totality
	of human color experience using the three axes (L : Luminance, a* : red-green axis, b* :
	blue-yellow axis). Though CIE L*a*b is uniform, all points in L*a*b color space can still
	not be differentiated from each other by purely linear calculation, due to the fact that the
	human visual system responds preferentially to certain parts of the color space. Indeed, it
	has become more and more evident due to advances in psychological and neuroscientific
	research that mapping colors in a Cartesian space is not a simple task. Scientists have thus
	had to make compromises between symmetry and equal color difference steps. Thus, the
	Commission International de l'éclairage (CIE) created the Delta E color distance formula
	that corrects any uniformities. The last and best working formula is the Delta E 2000 (Luo,
	Cui & Rigg, 2001). Calculating Delta E 2000 distances between various points in L*a*b
	color space permits comparison of these distances on one same plane. An essential tool
	also used in color perception is the Munsell Color System (MCS), improved in the 1940s
	from its original 1905 version. The MCS provides just a summary of the totality of color
	discriminations possible to the human visual system, but is an important tool that can be

Table 2 .

 2 For each individual basic color category, as shown in Table1, it can be observed that the highest colors on the familiarity scale were the achromatic colors, specifically black (80.7) No significant effect of color basicness was observed on arousal of colors, F(1,56)=.224, p=.638,

	(1,56)=104.06, p<.001,  p	2 =0.6501. Indeed, the higher familiarity for basic colors as
	opposed to non-basic colors was more pronounced concerning color words (78.31 versus
	49.25, F(1,56)=246.06; p<.001), than color patches (62.64 versus 52.64, F(1,56)=100.45;
	p<.001).	

and white (74.9). On the next level, brown (69.4) and grey (68.5), differed significantly from black (all ps<.001) but not from white (all ps>.10). They did not differ significantly from each other (p>.10) but nor from colors with a mean closer to 50 (blue=62.

4 and red=61.51, ps>.10)

. Colors with the lowest familiarity were yellow (50.09), orange (45.

[START_REF] Jraissati | Does optimal partitioning of color space account for universal color categorization? Malo J[END_REF] 

and purple (42.16), though yellow did not significantly differ from pink (54.38) or green (55.68), p>.10.

AROUSAL

Arousal ratings according to presentation format and basicness are presented in Figure

15

, and further details are provided for each basic color category in

  [START_REF] Berlin | Basic color terms : their universality and evolution[END_REF]56)=27.016, p>.001,  p 2 =0.3254, that explains why no significant effect of basicness was observed. As such, basic colors were more arousing than non-basic colors when

	participants were dealing with words (45.37 versus 41.19; F(1,56)=10.96; p<.001), and
	non-basic colors were more arousing than basic colors when participants were dealing with
	patches (47.79 versus 44.54; F(1,56)=8.023; p<.05).

Table 1

 1 Familiarity ratings for each basic color depending on color type (basic/non-basic) and presentation (patch/word)

			Colors	
	Color			
	type	Presentation Red	Green Yellow Blue Black White Grey Purple Orange Pink Brown
	Basic			
		Patch	73,82 54,69 42,37	65,72 95,11 91,03 78,69 42,26 36,00	49,04 60,28
		Word	84,07 76,10 69,20	86,43 96,55 95,48 85,74 54,64 63,69	71,61 77,91
	Non-basic			
		Patch	60,87 39,92 40,56	46,04 81,63 71,66 66,22 30,23 38,28	40,86 62,74
		Word	37,54 52,00 48,23	51,55 49,43 41,66 43,57 41,69 43,42	56,00 76,81
		Mean	64,07 55,68 50,09	62,43 80,68 74,96 68,56 42,16 45,35	54,38 69,44

Table 4

 4 Negative valence ratings for each basic color depending on color type (basic/non-basic) and presentation (patch/word)

			Colors	
	Color			
	type	Presentation Red	Green Yellow Blue Black White Grey Purple Orange Pink Brown
	Basic			
		Patch	68,46 74,61 60,66	74,69 58,65 67,06 55,22 65,89 47,95	68,84 46,40
		Word	73,87 73,01 62,08	86,92 60,94 75,38 55,54 70,08 62,06	70,29 54,14
	Non-basic			
		Patch	65,34 42,04 54,07	67,75 52,09 72,09 57,49 69,04 48,81	62,23 47,79
		Word	52,58 50,65 63,49	74,51 54,91 69,82 55,32 77,89 54,62	51,26 62,65
		Mean	65,06 60,08 60,08	75,97 56,65 71,09 55,89 70,72 53,36	63,15 52,74

  There was a significant interaction between word and ink on CRT, F(4,160)=37.835, p<.001,
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	a Bonferroni Holm correction					
	There was no significant main effect of group (blue/grey) on CRT (Blue : 711ms, Grey :
	765ms), F(1,40)=1.826, p=.184, N.S., nor on % error, (Blue: 87%, Grey: 86%;
	F(1,40)=0.410, p=.525, N.S. However, there was a significant interaction between group and
	word on % error only, F(2,80)=4.407, p<05,  p	2 =.099, shown in Figure 26. For the blue
	group, the word YELLOW gave rise to significantly less % error than RED (10% versus
	15%, p<.01) and tendancially less % error than BLUE (10% versus 14%, p=.06) whereas for
	the grey group, word GREY gave rise to significantly less % error than RED (12% versus
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	Figure 24: Interaction effect between ink color and word. Mean CRT (left graph) and mean
	% error (right graph) with SE are shown on the y-axis as a function of Color ink (on the x-
	axis) and of word (see legend in color in the body of the graph). Green lines indicate the
	significant 2 by 2 comparisons using a Bonferroni Holm correction.

  =6.36, p<.05, Figure 27: Interaction between Background Color, Group and Word on CRT. Mean CRT with SE are shown on the y-axis as a function of Background Color and Group (on the xaxis) and of Color Ink (see legend in color in the body of the graph). Green lines indicate the significant 2 by 2 comparisons using a Bonferroni Holm correction

			BLUE/GREY YELLOW RED XXXXX
			850
	 p	2 =.058, with significantly less error for the BLUE group (10%) than the GREY group 800
	750 (12%). This effect was not observed on CRT, F(1,103)<1, p=N.S. 700 (ms)
	600 A significant interaction between ink color and background color, shown in Figure 26, was 650 CRT
	also found on CRT and % error; F(2,206)=12.61, p<.001,  p 550	2 =.109 and F(2,206)=82.14,
			500
	p<.001,  p	2 =.445 respectively. Specific comparisons showed that yellow background (777 Grey group Blue group Grey group Blue group
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	ms and 8%) tend to increase the CRT and the % error relative to white background (707
	ms; p=.09 and 33%; p<.001) whereas it has no significant effect for both grey (694 ms and
	4% vs. 659 ms and 3%, n.s.) or reddish inks (747 ms and 9% vs. 757 ms, and 9%, n.s.).
	850 Results showed a significant interaction between word, group, and background color on Grey Yellowish Redish Grey Yellowish Redish
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	Figure 26: Interaction between Background Color and Color ink on CRT and on % error. gave rise to a significantly higher CRT than the control XXXX condition on the white
	Mean CRT (left graph) % error (right graph) with SE are shown on the y-axis as a function of Background Color (on the x-axis) and of Color Ink (see legend in color in the background, (747ms vs 682ms, p<.01), but not on the yellow background (716ms vs
	body of the graph). Green lines indicate the significant 2 by 2 comparisons using a 691ms, p=N.S.).
	Bonferroni Holm correction.
	A significant interaction between color and word, (classical interference effect) was
	observed on CRT, (see Figure 28, left), F(6,618)=61.88, p<.001,  p	2 =.371. RTs were
	shorter for the congruent words in relation to incongruent, for all inks (grey ink,
	BLUE/GREY 602ms vs YELLOW 717ms; p<.001, and RED 739ms; p<.001,; yellowish
	ink, YELLOW 669ms vs. BLUE/GREY 790ms, p<.001, RED 805ms,p<.001 and, and
	finally reddish ink, RED 674ms vs BLUE/GREY 817ms,vs YELLOW 788m, p<.001).
	However, relations to the control XXXX condition varied depending on ink. Thus, for grey

III. GENERAL DISCUSSION

coordinates in color space are more correlated than for non-unique hues. This implies that the concepts linked to unique hues may therefore be more related to perceptual attributes of those categories, in other words the categories of unique hues are more defined by their colorimetric properties, whereas non-unique hues may be more related to more cultural aspects. These results are also in line with Jraissati and Douven's work on partitioning of the perceptual color space 35 . Indeed, they show that optimal color partitioning seems to follow the six unique hues rather than the eleven basic color terms. Furthermore, the authors attribute the commonalities in lexicons for languages with more color lexicons than the six unique hues to be due to cultural and linguistic interactions. It thus appears of importance to consider for future research whether non-unique basic color concepts truly differ from non-basic colors and how cross-cultural aspects may influence color conceptualizations. Cross-cultural aspects could focus as much on distinguishing how color concepts are organized in various languages as on populations using the same language but with differing usages of color terms, such as experts relying on a particular color lexicon.

DESCRIPTION OF THE EMOTIONAL INFORMATION ASSOCIATED WITH EACH COLOR

Participants were asked to give subjective color-emotion associations for each color stimulus presented and for every one of the basic colors. These results are described concisely per color in the following paragraphs. The level on the arousal scale is given for each color, as well as its association with positive and negative emotional valence, and its relation to each one of the six basic emotions (Eckman, 1992). A Bonferonni procedure comparing each basic color was carried out on all the dependant variables: principal significant differences between colors on the scales were given. Details for each color are presented in Table 2 for arousal, Table 3 for positive valence and Table 4 for negative valence.

RED

Red was rated as highly arousing (75.04). Red can be considered as having a high association with the positive emotional valence, with a mean of 65.06, not significantly lower than that of blue (75.97, p=N.S.). However, red can also be associated with a low negative emotional valence, as the mean for red on the negative emotional valence scale was of 34.71, not significantly lower than orange, the highest color on the scale (41.73, p=N.S.), yet significantly higher than those least associated with a negative valence, blue (20.02, p<.001), purple (20.86, p<.01) and white (22.45, p<.05). Red was highly associated with anger (62.81), fairly associated with surprise (47.53) and was the third color most associated with fear (26.19), after grey (35.39) and black (49.03). However, red was also considered more associated with joy, as the mean association was higher than 50 (58.63), and consistently, was poorly associated with sadness (14.14), and disgust (14.57).

GREEN

Green was central on the arousal scale (36.26), significantly lower than highly arousing colors such as red, orange and yellow (75.39, p<.001; 75.04, p<.001; 74.25, p<.001) and [START_REF] Snodgrass | A standardized set of 260 pictures: Norms for name agreement, image agreement, familiarity, and visual complexity[END_REF] 

Mean color familiarity and emotional ratings (for dimensional and categorical emotions) for 11 basic colors and 22 associated non-basic colors according to the color presentation modality (word, patch).

RESULTS

Two two-way repeated measures ANOVA was done on response time (CRT) and on percentage of error (% error), with Group (BLUE or GREY) and Background screen color (yellow or white) as two between-subject variables and word (BLUE/GREY, YELLOW, RED, XXXX) and ambiguous ink color (grey, yellowish and reddish) as the two withinsubject variables. Four participants for whom mean precision was under the mean minus two SD were excluded.

A significant main effect of word type was found CRT F(3,309)=14.