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The Concept of Cesia (Visual Appear-
ance other than color): Antecedents,
Development, and Applications

Jose Luis Caivano

Abstract

Cesia is the name given to the visual perception of different spatial distributions of light. It
encompass sensations of transparency, opaque appearance, translucency, matte appearance, gloss, mir-
rorlike appearance, etc., in addition to sensations of lightness and darkness (which are the direct link be-
tween cesia and color). Cesia and color are complementary to each other. In short terms, we could define
color as the visual perception of the different spectral distributions of light. A parallelism can be noted
in both definitions: spectral properties of light, in one case, spatial distribution of light, in the other.

While color sensations span from red/green and blue/yellow oppositions (in terms of hue), from

grays to vivid or saturated colors (in terms of chromaticity or saturation), and from light to dark (in terms
of lightness), cesia sensations span from transparent to opaque (in terms of the perceived permeability
to light), from diffuse to regular or clear (in terms of perceived diffusivity), and also from light to dark
(in terms of darkness, as we call the variable that cesia shares with color). Hence, all the appearances
included in color and cesia combined can be defined by five dimensions: the classical three color varia-
bles plus permeability and diffusivity. There are, thus, five kind of scales that can be developed. We may
think in the CIELAB color space (or any other 3D color space) being expanded with the additional di-
mensions of permeability and diffusivity; or either in the CIE chromaticity diagram (or any color circle)
being expanded with the dimensions of lightness, permeability and diffusivity. Any color may appear
as a transparent layer or volume, which can vary between crystal clear and translucent or turbid media.
Colors may also appear as opaque surfaces, either with matte or glossy finish, which can even reach a
mirrorlike appearance (with maximum gloss). And all these appearances may occur at different levels of
darkness.
The presentation will make a basic chronological survey of antecedents of the concept, with biblio-
graphical references to authors who have dealt with these aspects of visual appearance before the name
“cesia” was proposed to designate them. After that, a brief review of the developments that started after
the adoption of that term will follow. Here, a recent proposal for the amplification of the concept of cesia
will be explained, which is intended to include also primary sources of light. We originally considered
that cesia was only applied to secondary sources of light, those that absorb, reflect or transmit light
coming from primary sources. But a recent doctoral thesis by an author who have greatly contributed
to the development of cesia, has made the point that some primary sources (extended ones) can also be
perceived in particular cesias. And finally, some applications or uses of the concept by different authors
will be shown in different fields: visual arts, architecture, design (graphics, textiles, fashion), sensory
evaluation of food, etc.
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THE CONCEPT OF CESIA
(VISUAL APPEARANCE OTHER THAN COLOR):
ANTECEDENTS, DEVELOPMENT AND APPLICATIONS

José Luis Caivano
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ABSTRACT

Cesia is the name given to the visual perception of different spatial distributions of light. It
encompass sensations of transparency, translucency, opaque and matte appearance, gloss,
mirrorlike appearance, etc., in addition to sensations of lightness or darkness. Cesia and color are
complementary to each other. We could define color as the visual perception of the different
spectral distributions of light. A parallelism can be noted in both definitions: spectral properties
of light, in one case, spatial distribution of light, in the other. While color sensations span from
red/green and blue/yellow oppositions (in terms of hue), from grays to vivid or saturated colors
(in terms of chromaticity or saturation), and from dark to light (in terms of /ightness), cesia
sensations span from opaque to transparent (in terms of the perceived permeability to light), from
regular or clear to diffuse (in terms of perceived diffusivity), and from light to dark (in terms of
darkness, as we call the variable that cesia shares with color). Hence, all the appearances included
in color and cesia combined can be defined by five dimensions: the classical three color variables
plus permeability and diffusivity. We may think in any 3D color space being expanded with the
additional dimensions of permeability and diffusivity. Any color may appear as a transparent
layer or volume, which can vary between crystal clear and translucent or turbid media. Colors
may also appear as opaque surfaces, either with matte or glossy finish, which can even reach a
mirrorlike appearance (with maximum gloss). And all these appearances may occur at different
levels of darkness. This paper presents a basic chronological survey of antecedents of the concept,
with bibliographical references to authors who have dealt with these aspects of visual appearance
before the name cesia was proposed. Then, a review of developments after the adoption of that
term follows, including a recent proposal for the amplification of the concept of cesia, which is
intended to include primary sources of light. Also, some applications or uses of the concept by
different authors are mentioned in various fields: visual arts, architecture, graphic, textile and
fashion design, sensory evaluation of food, etc.

Keywords: visual appearance, cesia, transparency & opacity, gloss, darkness

INTRODUCTION: DEFINITION OF CESIA

The name cesia has been proposed to account for the aspect of visual appearance that is related
to the perception of different spatial distributions of light. Light that is not absorbed by an object
may be reflected or transmitted either regularly or diffusely. These interactions of light with
matter are perceived as more or less glossy (from a mirror to a matte surface as the two extremes),
more or less transparent, translucent or opalescent, in different levels of darkness (according to
the light-dark axis). It is the same kind of phenomena that other authors have called “geometric
attributes of appearance” or “quality of surfaces”, with attributes such as transparency,
translucency, turbidity, gloss, matte appearance, mirrorlike appearance, etc. The advantage is that
the concept of cesia encompasses all the involved aspects in a single word, and that all cesias
have been arranged in a 3D order system according to three axes of variation: transparent-opaque,
diffuse-regular (or sharp), and light-dark (Figure 1).
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Cesia can also be understood as different modalities of color appearance, in the sense that
any color can be seen on an opaque surface (which is usually the most common situation) with a
greater or lesser degree of gloss, but the same color can also appear in a transparent or translucent
object. In Figure 1b, a yellow color appears on four types of surfaces: matte, mirrored, translucent
and transparent, and all of them are different visual sensations. To account for these variations
we can add two dimensions (permeability and diffusivity) to the three classical variables of color
(hue, saturation, lightness). For this reason, all the appearances included in color and cesia
combined can be defined by five dimensions. There are, thus, five kind of basic scales that can
be developed. We may think in the CIELAB color space (or any other 3D color space) being
expanded with the additional dimensions of permeability and diffusivity; or either in the CIE
chromaticity diagram (or any color circle or triangle) being expanded with the dimensions of
lightness, permeability and diffusivity. Any color may appear as a transparent layer or volume,
which can vary between crystal clear and translucent or turbid media. Colors may also appear as
opaque surfaces, either with matte or glossy finish, which can even reach a mirrorlike appearance
(with maximum gloss). And all these appearances may occur at different levels of darkness.
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Figure 1. a) Basic interactions of light with matter. b) Basic visual sensations of cesia.
¢) Three axes of variation. d) Solid of cesias.

‘W

OPaqUe 56 transmission

Reflected

Transmitted

34
St

a)

AUTHORS WHO HAVE WRITTEN ABOUT SIMILAR PHENOMENA BEFORE 1990

Before the term cesia was invented around the 1980s and an international publication about cesia
appeared in 1991, various authors have been concerned with phenomena similar to those included
in this concept, at least since the beginnings of the 19th century. Probably we could go earlier in
the search of antecedents, but let’s take just the last two centuries.

In 1810 Philipp Otto Runge published his color sphere, the first model that can be regarded
as a modern 3D color order system. But between 1809 and 1810, he wrote a short essay entitled
“On the dual nature of color” (in German, “Von der Doppelheit der Farbe”), not included in his
book of the color sphere. In that essay, Runge considers how color is modified by the material in
which it appears. The “dual nature of color” means the possibility of being transparent or opaque.
He also realizes (as Wittgenstein will do much later) that white cannot be transparent, and
differentiates between blackness (a quality of opaque surfaces) and darkness (which can refer
also to transparent colors). Runge also conceives the possibility of an order system for transparent
colors, besides his color sphere, meant for opaque colors [1]. One century later, in 1911, David
Katz published a monograph entitled The modes of appearance of colors (in German, Die
Erscheinungsweisen der Farben), whose second edition of 1930 (Der Aufbau der Farbwelt) was
translated into English as The world of color in 1935. Katz analyzes the various kinds of
phenomena that always accompany the perception of color. He describes different modes of color
appearance: surface color, which is essentially opaque, film color and volume color, which have
the attribute of transparency, specular colors, perception of luster, etc. [2].

By the middle of the 20th century, Arthur Pope realized that in order to define a color with
accuracy, i.e., giving account for different modes in which a color may appear, more than the
three usual variables (hue, saturation, and lightness) are needed [3]. In his Remarks on color,
published posthumously in 1951, Ludwig Wittgenstein is concerned, among other aspects, with
the different types of white, yellow and golden, gray and silver, “black” mirrors, etc., and affirms
that “opaqueness is not a property of the white color; any more than transparency is a property
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of the green” [4]. In 1953, the Committee on Colorimetry of the Optical Society of America
(OSA) published a book in which visual perception is classified into eleven attributes of modes
of appearance: 1) brightness or lightness, 2) hue, 3) saturation, 4) size, 5) shape, 6) location, 7)
flicker, 8) sparkle, 9) transparency, 10) glossiness, 11) luster [5]. The last three attributes are
included in our concept of cesia. In addition to the perception of color, Sven Hesselgren includes
the perception of shape, illumination, texture and movement, as other visual categories [6]. He
observes that visual sensations such as luster, reflection, and gloss are not perceived as belonging
to the color of an object but as something separate from color [7]. Like Arthur Pope, Ralph Evans
also realized that the three variables normally used to define color are not enough to characterize
color under different modes of appearance. Evans concluded that it would be necessary to define
at least five variables [8].

Richard Hunter proposed a classification of the geometric attributes of visual appearance. He
defined six different types of gloss and developed instruments for the measurement of some of
these phenomena: goniophotometers, diffuse-reflection and specular-reflection meters,
glossmeters, diffuse- and specular-transmission meters, etc. [9, 10]. The American Society for
Testing and Materials (ASTM) has standardized the measurement of various physical aspects
related to visual appearance [11-13]. John Hutchings emphasized the importance of visual
appearance in food, and particularly studied the phenomenon of translucency among other visual
qualities of food [14-16].

THE EMERGENCE OF THE CONCEPT OF CESIA

Sometime before 1980, César Jannello, a professor at the University of Buenos Aires, mainly
influenced by the publications of Pope, Hesselgren, Evans, and the Optical Society of America,
coined the term cesia in order to encompass with a single word the visual appearances elicited
by different spatial distributions of light [17]. I heard for the first time about this in 1980 and
1981, when I was a student of Jannello at the School of Architecture of Buenos Aires University
[18]. A couple of years after my graduation I got a research grant, and between 1987 and 1988 1
decided to investigate more about cesia, particularly trying to develop an order system for the
variation of the involved aspects [19]. After a paper that appeared in Spanish in a journal at my
Faculty in 1990, I published the first article on cesia in Color Research and Application [20].

It was a coincidence that by 1989 Paul Green-Armytage was doing a similar research and
proposed a 3D model to organize what he called “qualities of surfaces” [21]. He did not know
about me and I was also totally ignorant of his work. After reading my article in Color Res. Appl.,
Paul wrote me a letter and we started an interchange of ideas on the subject. Our first personal
meeting was in 1993 in the AIC congress in Budapest, where I also met John Hutchings and
Osvaldo da Pos (who was introduced to me by Paul as “the king of transparency”). In his paper
presented to the AIC 1993 conference, Green-Armytage already mentions the term “cesia”.
Subsequently, he introduced the term “tincture,” borrowed from heraldry, to encompass color,
texture, and cesia [22, 23].

In 1992, I started to produce scales of variation of cesia employing spinning disks and mixing
five materials: transparent air, translucent polyester film, opaque polyester film with specular
finish, black matte cardboard, and white matte cardboard. My paper presented to the AIC 1993
conference was precisely about this, and in 1994 I published a more detailed article [24].

DEVELOPMENTS AFTER THE INTRODUCTION OF THE TERM CESIA

In 1996, Leo Oberascher included the concept of cesia in his paper on environmental color design
presented to the AIC Interim Meeting 1996 in Gothenburg, Sweden [25]. In Argentina, artist and
professor Varinnia Jofré, from the University of Cordoba, worked on ceramic tiles with different
cesias and presented her results in the 3rd Argentine Color Conference [26]. Since 1996, with the
help of designer Patricia Doria, we started to produce a prototype of an atlas of cesia made with
pieces of glass, in the Optics Laboratory of the National Institute of Industrial Technology. This
atlas includes 5 plates, each one with a different degree of permeability to light, from opaque
(0% permeability) to transparent (100% permeability). Within each plate a scale of 5 steps in
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darkness and 5 steps in diffusivity (from matte to specular, in different degrees of gloss) are
developed. It was presented in the AIC 1997 conference in Kyoto, Japan [27]. There, Leo
Oberascher also spoke about cesia in his paper on “The role of color in the 21st century” [28].
Other scholars that started to use the concept of cesia, making some developments or
applications in their fields of specialty in the 1990s, have been: Fernanda Garcia Gil, Jests Diaz
Bucero and Justo Romero Torres (University of Granada, Fine Arts), Mabel A. Lopez (University
of Buenos Aires, Communication in Design), Diana Varela (University of Buenos Aires, Textile
Design), Maria M. Avila (University of Cordoba, Architecture), and Monica Billger (Chalmers
University of Technology, Sweden). See their publications in ref. [29], section 1990-1999.

A chronology of publications

Let’s now review what happened after the turn of the millennium:

2000 to 2009: In the first decade of the new millennium, we find the concept spread out in
different fields, taken and amplified by other authors. At the University of Buenos Aires: Rodrigo
Amuchastegui (philosophy), Julieta Garavaglia (graphic design), Paulina Becerra (industrial
design). At the University of Litoral, in Santa Fe: Susana Cariola, Luis Curubetto (architecture).
The concept of cesia is also quoted in the following books or monographic publications: Modern
concepts of color and appearance, by Asim Choudhury (2000), Understanding color, by
Giordano Beretta (2003), 4 framework for the measurement of visual appearance, by the CIE
Technical Committee 1-65 (2006), Figures de la figure: semiotics and general rhetoric (chapter
by Tiziana Migliore, 2008), as well as in articles or papers by Lucia Ronchi (2002), Berit
Bergstrom (2004), B. Roullet et al. (2005). See these publications in ref. [29], section 2000-2009.

Roberto Daniel Lozano, deals extensively with cesia in a paper entitled “A new approach to
appearance characterization”, published in 2006 in Color Res. Appl. [30], and in his paper
presented to the CIE Experts Symposium on Visual Appearance [31]. Nuria Acevedo, Pilar Buera
and others apply the concept to the analysis of food appearance [32]. With the help of Ingrid
Menghi and Nicolas ladisernia, working at the laboratory of Sherwin Williams paint company in
Buenos Aires, we developed a new prototype of atlas of cesias, in this case produced with painted
samples. By mixing three kinds of paints (white enamel, black enamel and transparent varnish)
in three different finishes (matte, satin and glossy), we were able to build scales of cesia with five
steps each, covering the whole ranges from opaque to transparent, bright to dark, and matte to
glossy, making a total of five charts with 25 samples each, i.e., 125 samples. This work was
presented to the AIC 2004 Interim Meeting on Color and Paints, in Porto Alegre, Brazil [33].

2010to 2019: In 2010, the AIC Interim Meeting on Color and Food was held in Mar del Plata
city, Argentina, and five papers dealing with cesia in food or food packaging were presented by
Becerra et al., Castillo and Becerra, Giglio, Lozano, Prause and Cariola (see ref. [29], year 2010).
Also in 2010, Francis Edeline, one of the three authors of Groupe 1, who wrote the famous
Treatise on visual semiotics, devoted a section of an article of his authorship to explain cesia,
pointing out its importance for camouflage purposes [34].

In the AIC Meeting 2011 on Color and Light, in Zurich, I presented a paper on color and
cesia, the interaction of light and color [35], and Green-Armytage described a new model to link
different modes and aspects of appearance, which extends the solid of cesias towards texture, on
one side, and towards the illuminant mode, on the other side [36]. In a similar vein, in 2014
Varinnia Jofré introduced the new hypothesis of luminous cesia, the idea that these kinds of visual
appearances are not limited to secondary sources of light but can be also produced in primary
light sources [37]. Taking examples and applications from the visual arts, she will further develop
and amplify this idea in her doctoral dissertation presented to the University of Cérdoba in 2017,
whose title is Aspects of cesia in the artistic image and deals entirely with the concept of cesia
throughout its six chapters [38]. See Figure 2.

In 2015, 2016 and 2018 Tien-Rein Lee, Vincent Sun and Ming-Kang Lan presented papers
dealing extensively with cesia in the AIC Meetings 2015 (Tokyo) and 2016 (Santiago, Chile), as
well as in the Munsell Centennial Symposium in Boston [39]. In this period, we can also find
mentions and citations in doctoral and master thesis in Spain and Argentina by Raul Parada
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(2016), Maria Lambana (2016), and Carlos Jones (2017). Also, in the book on Visual appearance
and its measurement by Lozano (Argentina, 2015), in the book on Color in industrial design by
Gallardo Frade (Mexico, 2016), as well as in the compendium on color words in the English
language by John Hutchings et al. (United Kingdom, 2019). See these publications in ref. [29].
The first edition of the Encyclopedia of Color Science and Technology, published in 2016 by
Springer, includes an entry on “Appearance” by Caivano and Green-Armytage [40].

2020 to nowadays: In 2021 I published a new article in Color Res. Appl., dealing with the
role of cesia in color mixtures and the consequences on the shape of color order systems [41].
The 2nd edition of Springer’s Encyclopedia of Color Science and Technology, published in 2022,
includes also a new version of the entry on “Appearance” by Caivano and Green-Armytage.
Finally, at the beginning of 2023, with two students of design in Buenos Aires University, we
arranged a website entirely devoted to cesia, featuring a homepage with a definition, a short
introduction and some graphic and photographic material, a chronology with access to more than
120 publications, references to scientific societies, conferences, programs of seminars, calls for
papers in which the concept of cesia is used, videos of recorded lectures, and other materials [42].
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Figure 2. a) Model of cesia in 2D. b) Green-Armytage amplification.
¢) Jofré: glossy-luminous, matte-luminous, and transparent-luminous scales.

CONCLUSION

The notion of cesia has evolved in at least three stages. The initial conception was rather linked
to the nature of the physical stimuli, i.e., the interaction of luminous radiation with matter. Later
we understood that, without leaving the physical stimulus aside, what is important is the visual
sensation produced in the observer, which can vary not only in relation to the materiality of
objects but also with the type of light source, the mode and conditions of lighting and observation
(visual angle, distance, contextual situation, etc.). Finally, proposals for expanding the model of
cesia have appeared with the aim of integrating the different modes of appearance, including not
only the surface mode (typical of opaque objects), the volume and film modes (typical of
transparent objects) but also the illuminant mode (for primary sources). An additional idea is that,
instead of understanding these modes of appearance as situations separate from each other, we
can see them related or linked through gradual transitions or intermediate steps.
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