
 
 
 
 
 
 
 
 
 
 
 

Colour and Colorimetry 
Multidisciplinary Contributions 

 
Vol. XVII A 

 
 

Edited by Andrea Siniscalco 
 
 
 
 
 
 

 
 

www.gruppodelcolore.org 
 

Regular Member 
AIC Association Internationale de la Couleur 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



XVII Color Conference, Florence 2022  

 
Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVII A ISBN 978-88-99513-18-4 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVII A  
Edited by Andrea Siniscalco 
Published by Gruppo del Colore - Associazione Italiana Colore 
Research Culture And Science Books series (RCASB), ISSN: 2785-115X 
 
ISBN 978-88-99513-18-4 
DOI: 10.23738/RCASB.006 
 
© Copyright 2022 by Gruppo del Colore – Associazione Italiana Colore 
Piazza C. Caneva, 4 
20154 Milano 
C.F. 97619430156 
P.IVA: 09003610962 
www.gruppodelcolore.it 
e-mail: segreteria@gruppodelcolore.org 
 
Translation rights, electronic storage, reproduction 
and total or partial adaptation with any means reserved for all countries. 
 
Published in the month of December 2022 

  



XVII Color Conference, Florence 2022  

 
Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVII A ISBN 978-88-99513-18-4 

 

 

 
Colour and Colorimetry. Multidisciplinary Contributions 
Vol. XVII A  
 
Proceedings of the 17th Color Conference. 
 
Meeting in collaboration with: 
Associação Portuguesa da Cor (PT) 
Centre Français de la Couleur (FR) 
Colour Group (GB)  
Forum Farge (NO) 
Suomen väriyhdistys SVY (FI) 
Swedish Colour Centre Foundation (SE) 
 
“Nello Carrara” Institute of Applied Physics of the IFAC-CNR National Research Council 
12-13 September 2022 
 
 
Chair 
 
Andrea Siniscalco, Politecnico di Milano, IT 
 
 

 Programme Committee 
 
Fabrizio Apollonio, Università di Bologna, IT 
Gianluca Guarini, Politecnico di Milano, IT 
Marcello Picollo, IFAC-CNR, IT 

 
 
Organizing Secretariat 
 
Albana Muco, Gruppo del Colore - Associazione Italiana Colore 



XVII Color Conference, Florence 2022   4 
 

Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVII A ISBN 978-88-99513-18-4 

Scientific Committee - Peer review 
 
 

 
 
 
 
 
 
 
 

  

Nuno Alão | Lisbon School of Architecture, PT 
Kine Angelo | Norwegian University of Science and 
Technology, NO 
Fabrizio Apollonio | Università di Bologna, IT 
John Barbur | City University London, UK 
Laura Bellia | Università di Napoli Federico II, IT 
Berit Bergstrom | Swedish Colour Centre 
Foundation, SE 
Janet Best | Natific, GB 
Marco Bevilacqua | Università di Pisa, IT 
Carlo Bianchini | Sapienza Università di Roma, IT 
Cristian Bonanomi | Konica Minolta Sensing Europe 
B.V., EU 
Valérie Bonnardel | University of Winchester, GB 
José Luis Caivano | Universidad de Buenos Aires, AR 
Patrick Callet | École Centrale Paris, FR 
Cristina Maria Caramelo Gomes | Universidade 
Lusiada de Lisboa, PT 
Antonella Casoli | Università di Parma, IT 
Céline Caumon | Université Toulouse2, FR 
Filippo Cherubini | IFAC-CNR, IT 
Vien Cheung | University of Leeds, UK 
Emanuela Chiavoni | Sapienza Università di Roma, IT 
Verónica Conte | University of Lisbon, PT  
Paula Csillag | ESPM University, BR 
Osvaldo Da Pos | Università di Padova, IT 
Maria Joäo Duräo | Universidade de Lisboa, PT 
Reiner Eschbach | NTNU, NO 
Maria Linda Falcidieno | Università di Genova, IT 
Christine Fernandez-Maloigne | University of 
Poitiers, FR 
Davide Gadia | Università di Milano, IT 
Margarida Gamito | University of Lisbon, PT 
Martinia Glogar | University of Zagreb, HR 
Yulia A. Griber | Smolensk State University, RU 
Jon Hardeberg | Norwegian University of Science 
and Technology, NO 
Francisco Imai | Apple Inc., US 
Maria João Durão | Universidade de Lisboa, PT 
Agata Kwiatkowska-Lubańska | Academy of Fine 
Arts, Kraków, PL 
Mette L’Orange | University of Bergen, NO 
 
 

Guy Lecerf | Université Toulouse2, FR 
Simone  Liberini | Freelance professional, IT 
Carla Lobo | LIDA, School of Arts and Design, 
Polytechnic of Leiria 
Maria Dulce Loução | Universidade Tecnica de  
Lisboa, PT 
Veronica Marchiafava | Associazione Italiana Colore, IT 
Anna Marotta | Politecnico di Torino IT 
Luisa M. Martinez | UNIDCOM-IADE, Universidade 
Europeia, Lisboa, Portugal 
Manuel Melgosa | Universidad de Granada, ES 
Mario S. Ming Kong | CHAM – FCSH, Universidade 
NOVA de Lisboa | FAUL, Lisbon School of 
Architecture, Lisbon, PT 
Lia Maria Papa | Università di Napoli Federico II, IT 
Laurence Pauliac | Historienne de l'Art et de 
l'Architecture, Paris, FR 
Giulia Pellegri | Università di Genova, IT 
Joäo Pernäo | Universidade de Lisboa, PT 
Alice Plutino | Università degli Studi di Milano, IT 
Marcello Picollo | IFAC-CNR, IT 
Fernanda Prestileo | CNR-ISAC-Sezione di Roma, IT 
Barbara Radaelli-Muuronen | Helsinki Art Museum, FI 
Alessandro Rizzi | Università di Milano, IT 
Maurizio Rossi | Politecnico di Milano, IT 
Michele Russo | Sapienza Università di Roma, IT 
Joana Perry Saes | CIAUD-Faculdade de Arquitectura 
de Lisboa, Universidade de Lisboa, PT 
Paolo Salonia | ITABC-CNR, IT 
Miguel Sanches | Instituto Politécnico de Tomar, PT 
Gabriele Simone | Renesas Electronics Europe GmbH, DE 
Andrea Siniscalco | Politecnico di Milano, IT 
Gennaro Spada | Università di Napoli Federico II, IT 
Roberta Spallone | Politecnico di Torino, IT 
Ferenc Szabó | LightingLab Laboratory, HU 
Elza Tantcheva | Colour Group, GB 
Justyna Tarajko-Kowalska | Cracow University of 
Technology, PL 
Mari Uusküla | Tallinn University, EE 
Francesca Valan | Studio Valan, IT  
Eva Maria Valero Benito | University of Granada, ES 
Ralf Weber | Technische Universität Dresden, DE 



XVII Color Conference, Florence 2022   5 
 

Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVII A ISBN 978-88-99513-18-4 

Organizers 
 
 

 

 

 

 
                                   

 
 

Sponsor 
 

 
 
 

          
 
   
 

With the patronage of 
 
AIAr - Associazione Italiana di Archeometria 

AIDI - Associazione Italiana di Illuminazione 

IGIIC - Gruppo Italiano International Institute for Conservation 

AIC - International Colour Association 

SID - Italian Design Society 

SIOF - Italian Society for Optics and Photonics 
 
 
 
 
 
 
 
 
 
 
 

  



XVII Color Conference, Florence 2022   6 
 

Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVII A ISBN 978-88-99513-18-4 

Index 
 
 
1. Color and Measurement/Instrumentation _________________________________________________10 
 
Evaluation of color alterations due to Ag-functionalized nanocrystalline cellulose on Whatman and 
Amalfi paper…………………………………………………………………………………………………..11 
Laura Bellia, Francesca Fragliasso, Claudia Graiff, Mariagioia Petratretti, Antonino Pollio, Marianna 
Potenza 
 
Simultaneous contrast in screen printed patterns…………………………………………………………..19 
Marijana Tkalec, Martinia Glogar, Ana Sutlović, Frane Šoša 

 
Effects of tinted lenses on chromatic sensitivity: changes in colour vision assessed with the CAD test, a 
preliminary study……………………………………………………………………………………………..27 
Lucia Natali, Alessandro Farini, Elisabetta Baldanzi, John Barbur 
 
2. Color and Digital______________________________________________________________________32 
 
Color consistency in BIM systems and in the visualization of the project in Real Time - An overview of 
possible solutions……………………………………………………………………………………………...33 
Gianluca Guarini, Maurizio Rossi 
 
3. Color and Lighting ____________________________________________________________________41 
 
A possible new method for Forensic Document examination: Plasmonic colors……………………….....42 
Kazim Hilmi Or 
 
Twilight | Spatial Experiments…………………………………………………………………………….....45 
Birgit Schulz 
 
The open issue of color management in circadian interior design between the practice of lighting and 
color design……………………………………………………………………………………………………52 
Maurizio Rossi 
 
Colorimetric analysis and color rendering performance of a small-scale glazing system with thin 
monolithic aerogel in the interspace ………………………………………………………………………...59 
Costanza V. Fiorini, Francesca Merli, Elisa Belloni, Ann M. Anderson, Mary K. Carroll, Cinzia Buratti 
 
4. Color and Physiology __________________________________________________________________70 
 
The gray side of Ishihara bubbles……………………………………………………………………………71 
Reiner Eschbach, Alice Plutino, Luca Armellin, Alessandro Rizzi 
 
Can “blue blocking” eye glasses be clinically really effective?……………………………………………..76 
Kazim Hilmi Or 
 
Online games for colour deficiency data collection…………………………………………………………79 
Luca Armellin, Alice Plutino, Alessandro Rizzi 
 
Loss of colour and flicker sensitivity in subjects at risk of developing diabetes…………………………...87 
Marisa Rodriguez Carmona, Qais Bastaki1, John L Barbur 
 
Subclinical changes detected in diabetes mellitus using high resolution retinal imaging and colour vision 
assessment……………………………………………………………………………………………………..91 
Megan Vaughan, Nicole Tay, Thomas Kane, Angelos Kalitzeos, Nav Singh, Adrian Zheng, Bishwanath Pal, 
Ranjan Rajendram, Konstantinos Balaskas, M. Pilar Martin Gutierrez, Jose Carlo Artiaga, Hanan 
Nussinovitch, Khadra Adan, Marisa Rodriguez-Carmona, John L. Barbur, Michel Michaelides, Emily J. 
Patterson 



XVII Color Conference, Florence 2022   7 
 

Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVII A ISBN 978-88-99513-18-4 

Foveal cone structure in patients with blue cone monochromacy …...…………………………………….94 
Emily Patterson, Angelos Kalitzeos, Thomas Kane, Navjit Singh, Mark Pennesi, Alison Hardcastle, Jay Neitz, 
Maureen Neitz, Michel Michaelides, Joseph Carroll 
 
Changes in the ‘conspicuity’ of coloured objects caused by coloured lenses and / or pre-receptor filters in 
the eye………………………………………………………………………………………………………….95 
John L Barbur, Benjamin EW Evans, Marisa Rodriguez-Carmona, Elisabetta Baldanzi, Regina Comparetto, 
Alessia Fava, Alessandro Farini 
 
A leap in the dark! How understanding horses’ color perception improves their performance and 
welfare in show jumping……………………………………………………………………………………...97 
Francesca Valan, Chiara Scopa 
 
Do color and light affect physiology and psychology in proportional ways?……………………………..105 
Andrea Siniscalco, Alessandro Bortolotti, Maurizio Rossi 
 
The value of colour in clinical diagnostic dilemmas……………………………………………………….111 
Benjamin E W Evans, Gordon Plant, John L Barbur 
 
5. Color and Production _________________________________________________________________113 
 
Colour fading of aged knitted materials for swimsuits……………………………………………………114 
Katarina Krstović, Martinia Ira Glogar, Veronika Lovreškov, Vesna Marija Potočić Matković 
 
6. Color and Restoration_________________________________________________________________120 
 
A piece of New Zealand Heritage: Colour Design and Conservation of Grey Lynn Library…………...121 
Julian Rennie1, Alessandro Premier 
 
Colorimetric and spectroscopic analysis of a 19th-century impressionist painting with reflectance 
hyperspectral imaging…………........................................................................................................................129 
Alice Pertica, Andrea Casini, Costanza Cucci, Marcello Picollo, Lorenzo Stefani, Muriel Vervat 
 
Colors in computer heritage: investigation of "Graphite" and "Indigo" Apple iBooks from the 
Deutsches Museum..............................................................................................................................................137 
Eva Mariasole Angelin, Marisa Pamplona 
 
Between West and East: a non-invasive study of colourants on Syriac manuscripts.................................143 
Maurizio Aceto, Angelo Agostino, Maria Labate, François Pacha-Miran 
 
Color = Shape = Space: Sol LeWitt’s Wall Drawing #736 “Rectangles of color”…...................................150 
Renata Pintus 
 
7. Color and Environment _______________________________________________________________151 
 
Colouring in Architecture: problems involving nocturnal representation..................................................152 
Emanuela Chiavoni 
 
Colors in Architecture: Matter and Communication Tool............................................................................160 
Vittoria Umani 
 
Exploring the colors used in renovation of interior space: a survey on post-use of higher educational 
classrooms............................................................................................................................................................168 
Zhang Dongqing, Eletta Naldi, Liu Linding 
 
Experience of place: colour and lighting design methods in the process of inclusive housing projects....176 
Lorrain Caumon, Georges Zissis, Céline Caumon 
 
Eidomatic experimentations on alteration of spatial perception by using colours.....................................184 
Luca Martelli, Laura Carnevali, and Fabio Lanfranchi 



XVII Color Conference, Florence 2022   8 
 

Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVII A ISBN 978-88-99513-18-4 

 
Felting wool dyed with natural dyes.................................................................................................................192 
Ana Sutlović, Martinia Ira Glogar, Vedrana Gašpić 
 
UrbanCroma, Chromatic Methodology, the results of a post-Doctoral research.......................................200 
Margarida Gamito, Fernando Moreira da Silva 
 
Plants out of place? A design-driven investigation of colour and material possibilities within a group of 
“invasive alien plant species” in a Norwegian context. ..................................................................................206 
Siren Elise Wilhelmsen 
 
Colour Composition and Visual Tectonics in Facades; Adapting Colour Teaching to Current 
Architectural Practice.........................................................................................................................................214 
Kine Angelo, Alex Booker 
 
The Face of Molde High Street..........................................................................................................................222 
Mette L´orange, Bent Erik Myrvoll 
 
Colours of a Northern city in past and present - tradition and current practices of facade colour in the 
historical architecture of Trondheim, Norwayt...............................................................................................230 
Mette Bye 
 
On different approaches to Environmental Colour Design...........................................................................238 
Verena M. Schindler 
 
8. Color and Design  ____________________________________________________________________239 
 
Fly in color. A chromatic “model” for the cabin of a commercial aircraft..................................................240 
Germak Claudio, Gabbatore Stefano 
 
Chromatic identity of the urban tile panels: the scenario of Lisbon subway stations. ..............................248 
Cristina Caramelo Gomes, Margarida Gamito 
 
Research on Colour in Industrial Design: Brief History, Overview of Methods and Stories of Successful 
Products................................................................................................................................................................257 
Agata Kwiatkowska-Lubańska 
 
Color Communication in Home Interior Design: and analysis of Architectural Digest covers from the 
1980s, 1990s and 2000s ......................................................................................................................................263 
Rebecka Pires 
 
Color and light in the photography of contemporary architecture. ............................................................270 
Ahmed Motie Daiche, Safa Daich, Mohamed Yacine Saadi 
 
The Colours of Sustainability: how materials CMF Design can guide sustainable perceptions and 
behaviours............................................................................................................................................................277 
Sossini Lia, Santi Romina, Del Curto Barbara 
 
Chromatic Vocabulary: the color design research according to Gianfranco Ferré...................................285 
Valentina Cognini, Federica Vacca 
 
9. Color and Culture  ___________________________________________________________________294 
 
Colour Harmony in Design and Architecture: theory, practice, education.................................................295 
Larissa Noury 
 
The “Pink Mask Affair”: Why did Italian police refuse to wear pink FFP2 masks?................................298 
Kévin Bideaux 
 
Grey Zones: On Photography & Progress.......................................................................................................306 
Hannah A. Matangos 



XVII Color Conference, Florence 2022   9 
 

Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVII A ISBN 978-88-99513-18-4 

 
Reversal film transparencies and their colours: examining the medium of an era....................................310 
Nicholas Lourantos 
 
Serial and geopoetic architecture of the territory, indexed color at the service of enhancing a vernacular 
heritage.................................................................................................................................................................320 
Xavière Ollier 
 
Quantifying color in culture:color trends in Italy (1960 to 2020) through album covers..........................328 
Marcello Di Gregorio, Martin Bellander 
 
Book of Patterns - an ongoing project..............................................................................................................336 
Birgit Schulz, Judith Augustinovič, Nayari Castillo-Rutz 
 
Colours and Daguerréotypes: how to forget colours? «La couleur y est traduite avec tant de vérité qu’on 
oublie son absence».............................................................................................................................................342 
Annie-Dominique Denhez 
 
Compound words with colour terms in Albanian...........................................................................................351 
Albana Muco 
 
10. Color and Education  ________________________________________________________________352 
 
When a student asks: Was ist Black auf Deutsch?..........................................................................................353 
Anna Piotti  
 
A New Paradigm for the Definition and Universe of Static Colors and Dynamic Colors..........................362 
Rui Pessoa Vaz de Figueiredo Vasquese, António José Macedo Coutinho da Cruz Rodrigues, Diamantino S. 
Abreu  
 
11. Color and Communication/Marketing __________________________________________________371 
 
The psychological association between product’s color and consumer’s color preference in 
marketing.............................................................................................................................................................372 
Alessandro Bortolotti, Loreta Cannito, Stefano Anzani, Riccardo Palumbo  
 
Cultural-aesthetic parameters of color in advertising communications......................................................380 
Svitlana Pryshchenko 
 
Go Somewhere Glossies: Experiential Color in Magazine Design................................................................386 
Jada Schumacher 
 
12. SPECIAL SESSION: Color for beauty, cosmetic and hairstyle  _____________________________394 
 
Mineral pigments in make-up products: classification, formulation and sensorial properties.................395 
Hélène de Clermont-Gallerande  
 
Assessment of base color influence on the chromatic appearance of hair colorants..................................403 
Simone Liberini, Roberta Suardi, Alessandro Rizzi, Giannantonio Negretti 
 
Hair-dye experience at home using a customer journey map........................................................................410 
Sumin Park , Boram Kim, Hyun Choi, Moonha Kim, Hyeon-Jeong Suk 
 
The color changes of face after a makeup for Shanghai Women..................................................................417 
Boram Kim, Juhyun Lee, Sungmi Park, Hyeon-Jeong Suk 
 
Course of Color Technician in the Cosmetic Industry...................................................................................423 
Daniele Fusari, Michele Scisci 

 



XVII Color Conference, Florence 2022   105 
 

Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVII A ISBN 978-88-99513-18-4 

Do color and light affect physiology and psychology in proportional ways? 
Andrea Siniscalco 1, Alessandro Bortolotti 2,3 and Maurizio Rossi 1 

1 Department of Design, Politecnico di Milano; maurizio.rossi@polimi.it; andrea.siniscalco@polimi.it 
2 Department of Neuroscience, Imaging and Clinical Sciences, University Gabriele d’Annunzio Chieti-

Pescara; alessandro.bortolotti@unich.it; 
3 Center for Advanced Studies and Technology (CAST), University “G. D’Annunzio” of Chieti-Pescara. 

Corresponding author: andrea.siniscalco@polimi.it 

 

Abstract 

The application of the studies on light and color for the wellness of human beings is relatively 
recent. For decades, the design field’s primary concern has been to ensure an optimal level of 
illuminance for workers, passers-by, or tourists, paying attention, where possible, to energy saving. 
This fact is even odder when we consider that light and color have been studied since the fifth 
century AD. Even if the emotional impact of light and color on emotions has never been a mystery, 
the studies on their interaction with the human circadian rhythms found no relevant, productive 
application since the early 90s. This is another reason to emphasize the differences between 
physiology and psychology when humans interact with light and color. The relationship between 
these stimuli and human physiology has been carefully investigated. As a result, many discoveries 
have been made, like the existence of specific structures in the retina called ipRGCs (Intrinsecaly 
Photoreceptive Retinal Ganglion Cells) have been identified, containing a photosensitive protein 
called melanopsin, capable of carrying out the phenomenon of phototransduction (such as the other 
photoreceptors, cones and rods). The difference is that the electrical impulse created by these cells 
follows a different path from that of vision and is conveyed through the retina-hypothalamus tract, 
where it will affect the pineal gland by suppressing melatonin. This hormone is essential in the 
regulation of the human circadian cycle. These notions highlight a fundamental aspect: the 
influence of light and color on human physiology does not follow the exact mechanisms of the one 
of vision. Instead, and as far as we know, the emotional reaction results from the brain elaboration 
after a lighting stimulus is conveyed through the visual system channels. This difference is also 
evident in human sensitivity to the different wavelengths of light (various colors). For example, in 
the spectral sensitivity curve (which colors we see better), the maximum response coincides with 
555 nm (yellow-green). In contrast, in the sensitivity curve concerning the circadian cycle, i.e. 
which wavelength affects the most, the maximum sensitivity corresponds to 460 nm (blue). In a 
nutshell, the differences between these two mechanisms are reflected in human beings’ perception 
of color. For example, it is not uncommon for an individual to associate the term “activating” with 
warm and bright colors such as yellow and red, while, physiologically speaking, activating colors 
are at the opposite end of the spectrum (blue). The doubt arising from these observations is that a 
complex system like the one of human perception does not possess some form of convergence 
between these two mechanisms. In this paper, we will discuss the early stages of research that aims 
to understand if it’s possible to find a proportion between the emotions and moods aroused by 
colors and their influence on our physiology. 

Keywords: Light, Color, Physiology, Psychology, Design, Behavior. 
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Introduction 

Much is known about the perception of light and how it is transformed through a physiological 
pathway into a mental representation of color. To date, all knowledge of this perceptual process has 
been investigated, as is often the case in neuroscience, through studies on patients with a pathology 
related to this specific aspect. A recent work comprehensively analyzes and reviews everything we 
know today about this process (Bosten, 2022), showing not only the differences related to patients 
with some color perception deficit but also possible differences between healthy individuals. The 
description of an elaborate scene or object will most likely be different from that of another person 
who is describing exactly the same scenario, varying not only in physical characteristics related to 
shape and color but possibly also in emotional responses and feelings triggered by it. Specifically, 
variability at all levels of the color vision process creates diversity in color perception, from 
discrimination to color matching and subjective experience, so each individual lives in a unique 
perceptual world (Helm and Tucker, 1962). Biology might suggest that healthy humans with the 
same anatomy react in a relatable way to certain stimuli. Still, the complexity of the interactions 
between psychological and physiological aspects of perception shows that this is not always true. 

 

Theoretical background 

The role of light and color is critically important when thinking about the design of indoor and 
outdoor spaces in a society such as ours that is constantly evolving, where productivity and 
sustainability are the basis for innovation. To achieve this goal, it is possible to bring an impact on 
human perception to modulate behavior; in fact, in the field of environmental psychology color 
plays a key role in this process. In the past, many studies on the perception of color and light in 
application mainly investigated the productivity of workers or students during their working hours, 
investigating which among various light sources or color could improve their performances 
(Phipps-Nelson et al., 2003). The attention of researchers also focused on applications of light and 
color for the physiological and psychological well-being of humans or a combination of them (Chen 
et al., 2022). Studies proved how light and color affects both people’s physiological and 
psychological health through modulating parameters such as circadian rhythm, attention levels, and 
mood (Küller et al., 2006; Kakitsuba, 2020; Wang et al., 2020; Papinutto et al., 2020; Zhu et al., 
2019). These studies are of fundamental importance for their application in people living and 
working environments. Still, it is necessary to set stakes and begin to make distinctions between 
some of the processes described. Undoubtedly, color is a very controversial stimulus, and its study 
is far from easy (Bortolotti et al., 2022).  

 

Controversies. 

In general, it is possible to state that color has three main physical characteristics of hue, lightness 
and saturation, each of which can affect our autonomic nervous system in some way and in return, 
create physiological and psychological responses (Al-Ayash et al., 2016; Wilms e Oberfeld, 2018). 
One of the controversies this article emphasizes is the difference between physiological (physical) 
and psychological (emotional) modulation of the perceptual process of light and color. These 
physiological and psychological processes are often, superficially, united as if they were a single 
process, when in fact, they are two distinct processes capable of influencing each other (Cacioppo et 
al., 1993). A first distinction that can be made is that psychological type processes that can be 
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influenced by color can be: memory, attention, and perception (to name a few), while the 
physiological type processes are: breathing, sweating, heart rate, body temperature, wake/sleep 
cycle and others. As mentioned, they can influence each other, and emotions also play an important 
role (Valdez & Mehrabian, 1994). Therefore, comparing psychological effects to more or less 
conscious perception and physiological effects to occurrences (not conscious or not at all) is 
possible. These two processes might have different perceptual processing at the brain level, which 
we will call the “dual pathway” in this paper. These processes compose the perception of objects, 
scenes, and communication through color. 

The emotional impact of light and colors on emotions has never been a mystery (Bortolotti et al., 
2021; Elliot, 2015), although the study of color and brightness still has many controversies, such as 
the correct description of the concept of lightness (Bortolotti et al., 2022). Studies on their 
interaction with human circadian rhythms have not found relevant and productive applications since 
the early 1990s. Still, with the advance of LED and control technologies, lighting design is going in 
this direction (Rossi, 2019). According to the above, it is fair to distinguish between these two 
different types of color and light perception.  

 

Dual pathway  

A child asked to tell where the color will probably answer that color is part of the object. The same 
answer will probably come from many adults. However, color as a concept is “visible” only in 
people internal subjective world; it is humans subjective processing of the different wavelengths of 
light (Helm and Tucker, 1962). Color vision for humans can be described as ”trichromatic” because 
it is based on photoreceptors called “cones” that are sensitive to long wavelengths (L), medium 
wavelengths (M), and short wavelengths (S). However, this distinction may not be sufficient to 
fully explain the perceptual process related to light and the mental creation of color. This arises 
from the fact that this type of processing is very complex and, in some cases, “emotional” 
processing does not occur simultaneously in terms of temporal processing of the stimulus (Gao, and 
Xin 2006).  

Cones (but also rods) are not the only specialized cells that are considered photoreceptors in the 
retina; in fact, it has been shown that light affects a distinct photoreceptor in the eye, a specialized 
type of proteic photopigments that are today known as Intrinsically Photosensitive Retinal Ganglion 
Cells containing melanopsin (ipRGCs) (Hattar et al., 2002), which are most sensitive to 
wavelengths of about 480 nm (Hankins et al., 2008). The discovery of ipRGCs and their spectrum 
of action has focused the industry attention on adding short-wavelength radiation to the light source 
spectrum, even during the daytime. Many discoveries have been made, such as the existence of 
specific structures in the retina called ipRGCs containing a photosensitive protein called 
Melanopsin (Provencio et al., 2000), which can carry out the phototransduction phenomenon (like 
the other photoreceptors, cones and rods). The difference is that the electrical impulse created by 
these cells follows a different pathway from that of vision and is channelled through the retina-
hypothalamus tract, which will affect the pineal gland by suppressing melatonin. This hormone is 
responsible for the insurgence of drowsiness and is essential and the regulation of the human 
circadian cycle. These notions highlight a fundamental point: the influence of light and color on 
human physiology does not exactly follow the mechanisms of vision. This topic is a knot to unravel 
today as little has been done in this regard, especially regarding the overlapping or simultaneous 
execution of these two processes, which, although distinct, may not be mutually exclusive. 
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In this perspective, the literature on color psychology is full of articles where colors are often 
associated with characteristics such as hot, cold, etc. (Elliot, 2015). It is not uncommon for an 
individual to associate the term “activating” with warm, bright colors such as yellow and red, 
whereas, physiologically, activating colors are at the opposite end of the spectrum (blue). 
Furthermore, it is not uncommon for such colors to physiologically activate our heartbeat (Cajochen 
et al., 2005, Thompson et al., 2008), increase body temperature and affect the activity of the 
cerebral cortex (Badia et al., 1991). The doubt arises from these observations that a system as 
complex as human perception does not possess some form of convergence between these two 
mechanisms. 

Discussion 

The world is full of light stimuli that are often taken as objective and universal an emotional or 
physiological response humans feel related to any stimulus, whether it may be an object, a room, 
the scene of a movie, and so on; however, this is a highly deviant concept that stems from the way 
individuals see things and end up in underestimating them, a kind of bias. Studies on perceptual 
dysfunction in patients with perceptual disorders lead researchers to think that this process is not as 
objective as commonly believed but rather subjective, and studies on healthy individuals also 
support this. Therefore, it appears to be of fundamental importance to understand why people react 
to a light stimulus and how it triggers both an emotional and physiological response.  

The idea of this research is to verify if there is a proportion in these two mechanisms: in the first 
moment, through an extensive analysis of the available bibliography and in the second moment, 
through tests on subjects. Going through the articles that describe what has been studied up to the 
present day, it is already clear that the common approaches of these two disciplines (physiology and 
psychology) have different analysis methods. As an example, while physiology generally measures 
the impact of the stimuli on the organism by the concentration of melatonin in the bloodstream or 
saliva or through ECG and EEG, the branch of psychology relies much more on visual tests done on 
subjects, with oral surveys (also eye movement, pupil size); two different approaches that need to 
be cross-referenced in some way, to avoid misinterpretation of the results.  

It will be necessary to find a test approach that allows one to evaluate the two processes coherently, 
minimizing the visual bias that can emerge in the context of the psychological evaluation. To be 
able to obtain results that can be applied in the field of design, it will be desirable to resort to the use 
of mockups of real scenes rather than simple visual stimulation through displays or visors, precisely 
to avoid creating the abstract percept of a color sensation, which may not correspond to its 
application in a real context. 

 

Conclusions 

In this article we have discussed the early stages of research that aims to understand whether it is 
possible to find a proportion between the emotions and moods elicited by colors and their influence 
on our physiology. 

To date, lighting devices that populate homes (smart bulbs or LED strips, perhaps controlled via 
apps) have chromatic routines that intend to influence the emotional state. However, the approach 
of these systems is to mimic the real world, attributing arbitrary definitions that can be more or less 
accepted by users (polar breeze, tropical sunset, winter bonfire, etc.). 
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Other lighting products aimed at achieving the so-called methodologies aimed at implementing the 
principles of human-centric lighting are mostly focused on achieving the well-being of individuals 
by intervening in the physiology (circadian rhythms) and optimizing the photometric performance 
as much as possible (distribution of luminous intensities, glare control), relegating the sphere of 
color once again to a mere aesthetic expedient.  

The possibility that the two perceptual processes are correlated, and the way this happens or, on the 
contrary, that the two paths are mutually exclusive without having any direct interaction leaves 
room for exciting research that can lead to direct feedback in the design of products for the lighting 
that contribute to the well-being of individuals in an even more complete way than existing 
products. 
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