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Abstract

:

Light and color are ubiquitous environmental factors which have an influence on the human being. Hence, light and color issues have to be considered especially significant in human-computer interaction (HCI) and fundamental in affective computing. Affective computing is an interdisciplinary research field which aims to integrate issues dealing with emotions and computers. As a consequence, it seems important to provide an updated review on the significance of light and color in affective computing. With this purpose, the relationship between HCI/affective computing and the emotions affected by light and color are introduced in first place. So far, there is a considerable number of studies and experiments that offer empirical results on the topic. In addition, the color models generally used in affective computing are briefly described. The review on the usage of color and light in affective computing includes a detailed study of the characteristics of methods and the most recent research trends. The paper is complemented with the study of the importance of light and color from demographic, gender and cultural perspectives.
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1. Introduction


Affective computing is an essential part of current human-computer interaction (HCI). This area of research provides important issues which include automated human affective behavior recognition. This type of recognition is provided by means of the capture and analysis of implicit information about the user, such as vocal and facial changes, alterations of body movements and gestures, and so on. Recognition of affective behavior is a part of affective interaction where a computer approaches the emotion, mood, attitude and personal preferences of the person [1,2]. Adding the ability of emotional intelligence to computers makes them more coherent to the humans who interact with them. Light and color are omnipresent environmental factors which influence the human being. Thereby they are key factors for affective interaction.



This paper introduces and surveys some recent advances described in the research literature dedicated to the nature of the relationship between humans and both light and color factors. It examines the state of the art in the area of the study of light and color. Information about light and color perception and preference is taken from different fields, which include affective computing, design, human-computer interaction, psychology, and medicine, among others. We review and analyze new findings and draw conclusions regarding the relation of color and light with emotion.



This paper is organized as follows. Section 2 introduces affective computing and its relation with emotions, and reviews the emotional states that are affected by light and color. Section 3 describes the most outstanding color models used in affective computing. Section 4 provides a detailed review of light and color management in the area of HCI. Then, the importance of light and color as affective factors including demographic, gender, and cultural issues is discussed. Later, an overview of the characteristics of the methods and recent research studies is introduced. Section 5 concludes with a summary and a discussion of some of the challenges that researchers are addressing in this field.




2. Affective Computing and Emotions


2.1. Affective Computers in Relation to Emotions


The notion that emotional states affect human rational thinking is at the core of affective computing. Affective computing is an interdisciplinary research field which makes efforts to integrate issues dealing with emotions and computers [3]. According to Picard, affective computing “relates to, arises from, or deliberately influences emotions”. Emotions provide the power to regulate and control unconsciously many aspects of everyday life [4]. That is why the intelligent management and regulation of emotions is beneficial for everybody, in such environments as home and workplace.



Emotions include complex patterns of changes caused by feelings, cognitive processes and behavioral reactions. They are triggered in response to perceived stimuli and are personally significant [5]. Various theories and models on how the brain experiences an emotional stimulus have been proposed [4,6]. As noted by Brave and Nass [7], there is consensus among the theorists of emotion up to now. There exists two contrary opinions on the nature of emotion. Evolutionary theorists believe that emotions are innate as an environmentally conditioned heritage from our ancestors (see [8,9,10]), while, on the other hand, many experts in affections assert that emotion is mainly a social phenomenon [11,12]. And there are defenders of “basic emotions”. These authors argue that there exist universal emotions shared by all humans, independently of their cultural backgrounds [13]. Damasio [14] suggests two different mechanisms that produce emotions, which are called primary and secondary emotions. A primary emotion is automatic and is generated as a momentary reflective reaction to a stimulus. A secondary emotion is more logical, and the brain interprets and sends signals to produce it. Picard [3] presents a computerized mechanism based on Damasio’s model of primary and secondary emotions, suggesting that emotional states are accessible from both the inference and decision making levels.



Many scientific findings confirm that humans treat computers (and mass media in general) in the same way that they behave towards human colleagues, being polite or feeling angry or irritated [15]. Thus, a computer response in an appropriate tone, corresponding to a person’s emotional state, has more possibilities of being positively accepted than a mere technical response. The principal ambition of affective computing consists in trying to “humanize” computers by making them emotionally coherent to the humans who interact with them. Indeed, Picard notes that the primary goals of affective computing are to enable computers to recognize, express, “have” emotion, and finally, be able to demonstrate emotional intelligence [3,16].



In most affective HCI approaches, the final goal is either to measure user affect for the sake of doing something useful with it or to influence the user’s emotion [17,18]. The idea of having this closed loop in which human affect plays a key role in the interaction between the human and its technology has been called the affective loop. Affect refers to feeling, emotion, mood, attitude, preferences and personality traits. The affective loop usually consists of a five step process involving different affective abilities of the technology [3]: user affect detection, user affect interpretation, system affective state synthesis, synthetic affective state expression, and user affect influence. So, affective computing deals with emotions, knowing that they have an influence upon our memory, learning abilities, perception, decision making, prioritizing, attention and motivation, among others [19]. For instance, a user might be involved in a constant affective interaction during which wearable computers collect information about his/her emotional state (and then update it regularly) and provide it for affect recognition.



Another important feature of an affective computer is emotional intelligence. As mentioned by Salovey and Mayer [20], emotional intelligence is “a type of social intelligence that involves the ability to monitor one’s own and others’ emotions, to discriminate among them, and to use the information to guide one’s thinking and actions”. Emotional intelligence is an influencing element of human-computer interactions, and its role in human intelligence and interactions is very important. This is why many researchers have dedicated their effort to study the theoretical basis of emotional intelligence and have developed practical applications [20,21,22,23]. Mayer and Geher [21] and Salovey and Mayer [20] introduce theoretic explanations and general materials on emotional intelligence, while Picard et al. [23] reports about a prototype of machine-based emotion recognition. Modeling emotions through integration of emotional intelligence into beliefs of a virtual agent is also presented [22].




2.2. Emotions Studied in Affective Computing


Besides the typical popular beliefs which tend to construct some unsophisticated ideas as “red is stimulating” and “blue is tranquil”, as truly mentioned by O’Connor [24], there is a considerable number of studies which presents empirical results on the topic. Indeed, color is strongly related to emotional states as it will be shown later on. One of the most interesting experiments that proves the hypothesis about the importance of color as a determinant factor in transmitting emotions is [25]. The study consists in carrying out various experiments which show drawings made by psychologically healthy and troubled people, both in chromatic and achromatic condition. The aim is to evaluate the influence of color on the number of right guesses of the participants. Each participant has to indicate which of the two presented pictures has been drawn by a psychologically healthy or unhealthy person. Surprisingly, the number of correct guesses in the case of chromatic drawings is noticeably higher than that of achromatic ones. Another interesting finding is that healthy people use more colors for their drawings than their counterparts. Indeed, psychologically problematic people use a very limited color palette including red, black, and sometimes a few other colors.



In addition, emotional changes in people who stay in colored environments is shown. For example, affect change in painted rooms with different orientations to the window has been investigated [26]. The experiment is aimed at discovering potential relations between emotional changes and the following color groups: warm/cool, strong/light chroma, yellow/pinkish/greenish/bluish. Emotional changes in participants are evaluated through the eight primary Plutchik’s emotions [27]. The author reaches some interesting outcomes, which allow relating color to emotions. In another research, it is shown that staying in rooms painted in bubble-gum pink (Baker-Miller pink) produces a sedation effect [28]. It is also outlined that muscle strength reduces within 2.7 seconds for prison inmates who stay during limited time periods in specially pink painted holding cells.



In a study of color-emotion associations by Kaya and Epps [29] it is revealed that principal hues comprise the highest number of positive emotions. They are followed by intermediate hues and achromatic colors, which induce the decline of positive emotional response. Based on the obtained responses, the green color attains the highest number of positive emotions, followed by yellow, blue, red and purple. Among the intermediate hues the results of the most preferred include blue-green, red-purple, yellow-red and purple-blue. For achromatic colors the most attractive one is white, followed by black and, finally, gray. Another experiment seeking to evaluate the effects of color images on mental stress reduction is [30]. The participants are shown colored photographs of natural scenery. Each image mainly comprises one of five key colors: pink, green, blue, yellow and red. The same series of images, now in black and white, are prepared for the control group. The color images are presented in the following order: pink, green, blue, yellow, and red. After that, biochemical and emotional parameters (salivary chromogranin-A and salivary cortisol) are measured. A multiple mood scale test demonstrates decrease in depression and fatigue and growth of positive factors such as well-being and intimacy.



In addition, Lee et al. [31] report about a set of experiments carried out to relate emotional states with colors. The authors put forward the following three hypotheses: emotion-judgment congruence; emotion-target congruence; and emotion-target incongruence. The first hypothesis postulates that people use their current affective state to evaluate a given object. So, people in a happy/sad mood would be inclined to a more positive/negative evaluation of color stimuli (independently of the color tone) than they would if they were in an emotionally neutral state. The second hypothesis, namely “emotion-target congruence”, suggests that the congruence between the emotional state and emotional tone of the target is the dominant of the evaluative judgments. “Happy colors” are preferred by happy people and “sad colors” are preferred by sad people. The third hypothesis, “emotion-target incongruence” states, after the findings, that people spontaneously get or maintain a positive affective state, which means that negative affect may increase preference for the stimuli that make people feel better, and positive affect may decrease preference for stimuli that make people feel worse. Consequently, sad people would approach an emotionally incongruent tone, while happy people would avoid it. The results demonstrate that the first and the third hypotheses are inconsistent and confirm the viability of the “emotion-target congruence” hypothesis (especially for sad people) with the following particularities:

	
Happy people increase their preference for happy colors, and sad people increase preference for sad colors. This preference toward emotion-target congruence appears regardless of one’s initial preference for the colors.



	
When a colored object conveys one’s attitudinal commitment, emotion-target congruence is likely to operate. However, when preference for a colored object is based mostly on utilitarian reasons and hence provides little signals about the individuals’ attitudes, values and beliefs, the emotion-target congruence effect disappears.



	
In case a negative emotion contains a committed attitude and meaning toward a situation (e.g., loss of loved one, break-up, or exposure to some else’s suffering), the emotion-target congruence effect is likely to emerge. Preference for emotion-target congruence tends to be observed for people experiencing negative emotions of loneliness, sadness or regret.



	
When a negative emotion has less committed values and meaning, emotion-target incongruence effects are more likely to emerge. In this case, preference for emotion-incongruent aesthetic stimuli tends to be observed when the emotion is induced by a not-committed negative emotion.



	
Participants who are exposed to sad video and music feel significantly worse than those exposed to happy video and music.



	
Participants’ emotional state does not impact their reporting of color tone on the color categorization task; nor does it influence their categorization speed.








In another experiment, the influence of light and color on psychological mood has been investigated, and the outcomes have demonstrated that emotions are stronger in colored environments [32].





3. Color Models Used in Affective Computing


There are many definitions of the term “color”. The Oxford Dictionary gives us the following one: “The property possessed by an object of producing different sensations on the eye as a result of the way it reflects or emits light”. Another definition says: “One, or any mixture, of the constituents into which light can be separated in a spectrum or rainbow, sometimes including (loosely) black and white”. The description of color can be modified or specified depending on the application or particular reference. Indeed, color is one of the essential components of the perception of the world, and it is one of the fundamental factors of interest for a number of research areas, as it is shown in Figure 1.
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Figure 1. Color as a topic of interest to many research fields. 
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Various attempts to study color have later converted into classification systems. These systems facilitate understanding the complex nature of color. One of the earliest systems is named “The International Commission on Illumination” (or CIE from its French title, Commission Internationale de l’Éclairage) [33] since 1931. Each color is defined with a three primary color basis. It means that each color is measured and described by a set of values (XYZ) which indicate amounts of red, green and blue light. Later, CIE introduced CIELAB and CIELUV, modifications of the CIE system, which suit best for colorant and lighting industries, respectively. Yet, one of the shortages of the CIE system remains to be its inability to define tolerances based on the hue component.



The Munsell color system solves this problem as each color is classified by hue, value, and chroma [34]. Figure 2 illustrates the CIE and Munsell color models. The latter is shown as an orb around whose equator a band of colors runs [35]. Two other variations of the Munsell’s system, namely the HSB/HLS models also use three axes to define a color. In the case of HSB, the axes are hue, saturation and brightness; and for the HLS model they are defined by hue, lightness and saturation.
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Figure 2. CIE and Munsell color models. Left: CIE color model. Right: Munsell color model. 
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The natural color system (NCS) defines a color model which is based on the color opponent concept. It has been published by the Scandinavian Color Institute [36]. Each color is defined by darkness defining the amount of blackness, chroma standing for saturation, and hue determining a percentage value between two of colors red, yellow, green and blue. Lastly, the RGB additive system forms a color by using three components: red, green, and blue. NCS and RGB systems are shown in Figure 3.
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Figure 3. NCS and RGB color models. Left: NCS color model. Right: RGB color model. 






Figure 3. NCS and RGB color models. Left: NCS color model. Right: RGB color model.
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The vast number of studies about the relation between color and emotion apply computer-based tests, although others use paper-based questionnaires. One of the features described in Table 1 is the color model used. They mostly include the RGB, CIE, and Munsell color systems. Moreover, there are some other models such as SCOTDIC PLUS 2000 , which is based on Munsell’s color system and adjusted to textile samples [37,38].




4. Color and Light in Affective Computing


4.1. Human-Computer Interaction and Color


Color, together with other essential visual components such as shape, size, and some others, is a key component in computer interfaces. It plays an important role as an essential component of affective communication between users and computers. HCI is a totally cross-disciplinary field of research in computer science. It was introduced with the idea of enhancing software efficiency, safety and interactivity to make it closer to humans. This way, the goals of HCI meet the affective computing ones as it will be explained later on.



Beale and Peter [39] define more exactly the role of affect and emotion in HCI. They emphasize that computers become more flexible and intelligent in their interaction with users when emotions are added to them. Cyr et al. [40] have undertaken an experiment with the participation of volunteers from Canada, Germany and Japan, being them males and females. It was revealed that the website color setup is a significant determinant for trust and satisfaction. Bonnardel et al. [41] present some findings that prove the importance of color in HCI by analyzing website users’ and designers’ color preferences. The two studies carried out reveal that gray, blue and orange are preferred to green and magenta. All these findings confirm that color in HCI gains a new significance as a challenge for interaction designers.



Currently, the interaction between user and computer is explicit, though it may be performed through voice, gesture and so on, and not only by a graphical user interface [42]. The perspective is to increase traditional explicit HCI with additional abilities to attain an implicit interaction. Computers should be able to perceive and interpret instructions of a user so to include his/her emotions [43]. In other words, implicit HCI implies a certain level of emotional adaptation and recognition leading to emotional intelligence.



One central concept of HCI is usability, which means easy use and usefulness. So, attention paid to the affective component in relation to HCI should be welcome. In this sense, emotional experience has become an important topic in human-technology interaction research and design. For example, in Jokinen [44] a conceptualization of the emotional user experience based on the appraisal theory of emotion is formulated, where the goal congruence of the interaction events and the task-independent individual traits are thought to underly the user’s emotional response. Additionally, color emotion patterns and schemes for design and environment organization are important in this respect.



Moreover, Lim et al. [45] evaluate emotional responses to determine the product qualities of an interactive system, offering the participants to choose between correspondent semantic values. The authors find out that the visual aspect of the product, which includes colors, material feelings, shapes, sound qualities, etc., appear to be the third most important aspect of a product, after interaction and function capabilities. In an experiment, color is one of the components which is changed by a user in order to obtain a desirable, and most mood-corresponding, view of the website interface [46]. The authors insist that the overall style and design may have a dramatic effect on the user. The proper approach towards the design models improve users’ attitude and motivate them as they increase alertness and concentration.




4.2. Color and Light as Affective Factors


Affective communication suggests a constantly updated exchange of emotionally charged information, where a human receives both verbal and nonverbal responses. The latter can be presented in the form of a set of environmental stimuli (at workplace, at home, etc.). As mentioned before, color and light should be mentioned as important stimuli in HCI. Our physical surroundings increase or reduce our stress, which in turn impacts our bodies in multiple ways. The following reports and monographs provide information about the evidences of emotional affects caused by environmental factors.



As it has been frequently reported in research, environmental factors include visual stimuli (e.g., color, light, video and animations), audio stimuli (e.g., noise, sound and music) and these environmental factors are graphically shown in Figure 4. Indeed, human emotions are influenced by many factors of different nature, not only by environment ones. But still this influence is constant and permanent.
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Figure 4. Environmental factors in affective computing. 
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Color and light perception affects our emotions and feelings, and this impact has been examined considerably with respect to color/mood associations [26,29,30], color meaning [24,47], color preference [38,48], and color perception by particular demographic groups and psychologically healthy/unhealthy persons [25,49,50].



4.2.1. Influence of Light in Affective Computing


Light is another main environmental factor that influences a user. Its affective impact has been widely researched and reported [51]. Exposure to bright light and luminance distribution contributes to affect our mood, and that is why it can be used to improve emotional states. Regulation of biochemical and hormonal rhythms are amongst the positive effects of the light on a human. For instance, light is used to calm seasonal affective disorders [52], vitamin D secretion, etc. The following findings inform about some further aspects of light perception. A significantly negative association between illuminance during daytime and Hamilton depression rating scale scores has been described [53]. On the contrary, no significant association between illumination in daytime and young mania rating scale has been found. The authors conclude that light can ameliorate low mood in healthy people.



Dumont and Beaulieu [54] have studied non-visual effects of light. They have carried out several experiments aimed at evaluating light exposure and illustrating how these concepts play a role in real-life situations. Their paper discusses the clinical relevance of light exposure in natural environments for mood, sleep and circadian disorders. Grandner et al. [55] reveals strong associations between exposure to light and quality of life as well as social and emotional functioning. Bauer et al. [51] discuss the time-course and durability of antidepressant effects of bright light in winter on depressive patients. Light exposures appear to cause higher clinical ratings of hypomanic symptoms in patients. Terman et al. [52] report about the results of light therapy combined with high-density negative air ionization. Both appear to act as specific antidepressants in patients with seasonal affective disorder. Meanwhile, Tuunainen et al. [56] evaluate the clinical effects of light therapy for non-seasonal depression. They confirm a moderate efficacy of light therapy, especially when administered in the morning.




4.2.2. Influence of Color in Affective Computing


Color is always present in our visual environment. Humans live consonant with their color choices that usually correspond to their internal rational and irrational feelings. Color preferences can be individual, collective and universal. Personal preferences correspond to the person’s character as well as his/her moods and emotions. The evidences of color influence upon emotions have been discussed in a number of publications. Here we introduce some of the most relevant.



Gussakovsky et al. [57] show that plants are sensitive to the color of the light under which they are grown. The effect is maximal for red-enriched illumination. Elliot et al. [58] demonstrate that a brief exposure to red prior to a test unconsciously enhances the performance of the participants. Moreover, a link between red and avoidance motivation is discovered. The authors suggest that the red color influences behavior considerably; and care must be taken when using it in performance and achievement contexts. Some authors indicate antimicrobial and insecticide properties of blue color and light, reminding the tradition of painting houses and doors in blue in southern countries in order to get rid of insects [51]. In this context, it is worth mentioning an experiment which aimed to examine the possibility of enhancing antibody concentration and alleviate stress response in broilers. The experiment concludes in exposing broilers to white, red, green and blue light [59]. The results suggest that the combination of green and blue monochromatic light improves the broilers’ immune function.
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Table 1. Color in visual affect recognition.
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Reference

	
Emotion(s)

	
Color Description Model and Color Sample






	
Ou et al. [60]

	
Semantic scales warm/cool, heavy/light, active/passive, and like/dislike

	
Two-color model, CIELAB; 190 color pairs




	
Gao et al. [38]

	
12 emotion variables (word pairs)

	
Munsell color system, SCOTDIC PLUS 2000 system; 214 color samples




	
Hanada [61]

	
Semantic word pairs “bright-dark” (activity factor), “like-dislike” (evaluation factor) and “strong-weak” (potency factor)

	
2 datasets with different stimuli and scales; 27 color pairs, composed of eight colors (red, blue, green, yellow, orange, cyan, magenta, and violet); luminances and CIE xy color coordinates




	
Lechner et al. [62]

	
Attributes associated with emotional responses

	
Brightness level (light, medium, dark) and nine hues (red; orange; yellow/orange; yellow; green; blue/green; blue; purple; and white/gray/black)




	
Choi et al. [63]

	
Heart rate variability (HRV)

	
Blue, red and white colored fluorescent lights




	
Xin et al. [37]

	
Color emotions described in 12 opponent word pairs

	
SCOTDIC PLUS 2000 system, Munsell color system; 218 color samples




	
Küller et al. [32]

	
12 emotion variables (word pairs)

	
Working environments with no color at all; with neutral colors; with not very vivid color; very colorful and vivid




	
Solli and Lenz [64]

	
Three emotion factors: activity, weight, and heat

	
RGB space; 567 samples




	
Bonnardel et al. [41]

	
Color emotion based on the analysis of color preference questionnaires

	
Self-created color space, where value and chroma are controlled, and hue parameter are changed with a constant physical difference in hue of 20 grades, with addition of black and white, totally 23 home page color schemes









Color’s effect on emotional state can be measured indirectly by means of affective semantic words and word combinations. Table 1 contains references to many studies which are based on this approach. An analysis of this table reveals some common trends in the organization of experiments on color emotion. First, an indirect emotion assessment is widely used. It means that an emotion is evaluated with semantic words. They usually include, but are not limited to, the following pairs: “warm/cold”, “heavy/light”, “like/dislike”, and “soft/hard”.



Not many studies presented in Table 1 use physiological sensors for color-based emotion evaluation. For example, Choi et al. [63] receive information about heart rate variability to detect an emotion. Factor and correlation analysis (e.g., [32,38,60,61,64]) and ANOVA (e.g., [32,41,63]) head the list of the most widely used classification methods for color-based emotion regulation. RGB histograms for measuring statistical properties of color images are calculated in Solli and Lenz [64]. Lechner et al. [62] use decision tree models for classification. Firstly, results are calculated for countries based on brightness level choice. Next, they offer results for mean ranks of associations of hues given a brightness level choice. Besides ANOVA, Bonnardel et al. [41] also performs cluster analysis for website designers to evaluate color preference. With the purpose of studying color emotion, Hanada [61] use factor analysis, and, in the case of failure, independent component analysis with intrinsic statistical properties of data such as kurtosis.



Referring to the number of participants of the tests, some authors conduct experiments on an international level. This is the case of: Ou et al. [60], where 223 participants from 8 countries are interviewed; Gao et al. [38], where the sample includes people from 7 different region groups; and Xin et al. [37], where the sample counts with people from Japan, Thailand, and Hong Kong. The most numerous inquiries mentioned are carried out by Lechner et al. [62] and Küller et al. [32], which count with 2021 subjects from Brazil, Canada, China, France, Germany, India, Italy, Japan, South Korea, Spain, the United Kingdom and the United States, and with 998 persons aged 18 to 65 years from Argentina, Saudi Arabia, Sweden and the UK. Nevertheless, other references report about shorter groups of participants, such as the one which consisted of 36 undergraduate or graduate students [61], 92 adult volunteers [63], and 52 observers in the pilot and 35 in the main study [64].



Affective modulation by means of color may be performed in accordance with the metamodel shown in Figure 5. Here, color influence produces emotional changes, which are reflected in the human face. They can also alter some voice characteristics as well as causing bodily changes [65,66]. In case wearable sensors are used, physiological indicators of changes in emotional state (skin temperature, electrodermal activity, skin impedance, heart beat rate, etc.) can be registered as reported in numerous studies (e.g., [67,68,69]). However, a considerable number of findings indicate that the visual channel is dominant for affective stimuli perception as well as for emotional state “reading” through visually detectable indicators [67,70]. Thus, the combination of the many possible indicators of emotion expression and experience facilitate the identification of the affective status. Figure 5 suggests a possibility of a feedback with the aim of affective regulation by changing color and/or light.
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Figure 5. Metamodel for affective modulation through color. 
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It is important to note that some findings demonstrate that color features like chroma, hue or lightness cause an impact on emotions [25,37,71]. Indeed, it has been proved that the chromatic palette contains emotionally charged information as opposed to the achromatic one [25]. Lightness and chroma (though the degree of its influence is small in some cases) of color appear to dominate on most of the color emotion pairs in the research reported by Xin et al. [37]. Contrary to those two factors, the hue of a color does not affect the emotional state of the participants of the test. Similar results confirming the findings reported by Xin et al. [37] are obtained by Manav [48]. Ou et al. [60] point that older observers show strong preference to colors with higher chroma while younger people prefer achromatic colors.



Moreover, with respect to colors in particular, Manav [48] carries out a series of experiments and concludes that stimulating effects are made by pink and yellow color samples; green elicits the feelings of excitement, relaxation and vividness as well as of boredom and depression; blue is associated with calmness and coldness; red is stated as tiring and depressive, and together with violet they are named as striking colors. The author also finds a positive emotional response to black color for people aged 63 and over. [72] indicates that strong color (especially red) and patterns put the brain into a more excited state and may produce severe changes in the behavior of introverted people or in a bad mood. But, participants feel more positive in the red room than in the blue one, and also they felt more self control in a room painted in gray. In an experiment about color emotion with 98 participants [29], the green color attains the most positive emotions, followed by yellow and blue.





4.3. Cultural and Demographic Aspects of Color and Light Perception


4.3.1. Universality of Cultural Aspects in Color and Light


According to Darwin, gestures are culturally learned but some basic emotions are universal [8]. Ekman and Davidson [10], Ekman et al. [13] widened this theory after discovering universal emotions through conveying experiments with people from different cultures. On the other hand, Wierzbicka [11] argues that emotion analysis should depend on the explanation with very simple concepts that at least come closer both to being universal and to being semantic primitives. Her point is that much of the analysis of emotions conducted by psychologists has been in culture-dependent terms. As pointed out by Russell [73], emotions are categorized differently in different cultures and languages. However, it does not follow that emotion itself is not universal. Moreover, emotion categories are in fact extremely similar across cultures and languages [4].



Contrary to Ekman’s basic emotions, Jack et al. [74] suggest that emotions are different. They performed their research with Western Caucasian and Eastern Asian participants. Indeed, the outcomes of the cluster analysis demonstrate clearly determined groups for Western Caucasians and dissimilarity and overlapping between categories for the Eastern Asian group. These conclusions are also confirmed with the results of the spatiotemporal location of emotional intensity and mutual information analysis. Indeed, the field of emotion theories is rich, but it has become common practice to accept the idea of Ekman’s basic emotions for visual emotion recognition. Next, a non-exhaustive review that focuses on the theme of national and cultural aspects of color perception is offered.



A report focusing on cultural influence on color preference carried out by Sakamoto [75] presents the outcomes of the surveys performed in the Netherlands, Japan, Vietnam and China. Dutch participants prefer blue, green and red, while Japanese participants tend to like pink and pale green and blue. Japanese and Dutch have similar preferences to achromatic colors, especially to black for cell phones and clothes, and white and gray for computers. The color preferences of Chinese participants vary widely and no trend is detected.



Other important and interesting findings on the cultural aspects for color emotion are published in Ou et al. [60]. Eight observer groups, British, Taiwanese, French, German, Spanish, Swedish, Argentinean and Iranian, participate in an experiment to assess color emotion for two-color combinations using semantic scales warm/cool, heavy/light, active/passive, and like/dislike. The participants of the eight observer groups demonstrate similar responses for warm/cool, heavy/light, and active/passive word pairs, proving this way the hypothesis of universality of color emotion.



Gao et al. [38] investigate the differences and similarities between different groups from Hong Kong, Japan, Thailand, Taiwan, Italy, Spain and Sweden regarding color emotion. They evaluate emotions through 12 semantic word pairs. It is a peculiarity of this study on emotion that the authors assess the influence of color components as chroma, lightness and hue. As the previous study, this research confirms the existence of common trends of color emotion, but mentions several differences in responses. Thus, the authors point out the importance of lightness in the judgment of “heavy-light”, and some peculiarities in judgments of other word pairs, influenced by chroma for Swedes, Italians, and Hong Kong subjects. The importance of the hue component is decisive for color temperature perception presented with the “warm-cool” variable.



To sum up, researchers who study emotional differences and color preferences for different regions and cultures come to similar conclusions. In general, there is a strong experimentally proved evidence of universality of color emotion regardless of cultural backgrounds. This is a very important statement, as it provides many opportunities for affective modulation. Thus, a cross-cultural tendency of color research and application in affective computing is crucial for developing emotionally intelligent machines and environments. In this way, particular color differences in color perceptions and preferences have been studied for people from different regions, including Western and Asian countries. Last but not least, cultural backgrounds affect though in a lesser extent emotions related to preferences “like/dislike” or altering more or less general trends. Nevertheless, these locally meaningful peculiarities of color emotion should be taken into account when special versions of affective computing modules are developed.




4.3.2. Universality of Demographic Aspects in Color and Light


There are common trends in color perception shared by those who belong to a particular demographic group. Nevertheless, it is known that color preference changes with age. Colors preferred in infancy like yellow and red change into liking for blue or green [75,76]. Adults give more importance to the green color, which is related to happiness, or, in a lesser extent, to sadness [76].



Children react vividly to colors, which may explain their feelings [49]. In more detail, they show positive reactions to bright colors (e.g., pink, blue and red) and negative with dark colors (e.g., brown, black and gray). Positive emotional reactions of children to bright colors seem to progress and increase with age, especially for girls, whereas boys are more likely to have positive emotional associations with dark colors. Terwogt and Hoeksma [76] research color emotion associations in three age groups: 7-year-old, 11-year-old children, and adults. The preference in the youngest group includes blue, followed by red and yellow colors, which correlate with happiness. Black color is strongly associated with fear and angry. The second group demonstrates associations between feeling of happiness and blue and red color, as well as achromatic colors (black and white), equally associated with fear. Kurt and Osueke [77] study color preference of students aged between 17 and 24. They prefer living in an colorful setting where warm and cool colors should be present.



Two psychophysical experiments study how color emotion responses change with age [60]. The authors detect some points of difference for color preference with respect to chroma (the older like and the younger dislike colors with the high chroma). The greater difference in preference between the two groups is obtained for the emotional “like/dislike” scale, though the results for other semantic scales show similarities in emotional feelings. The authors hypothesize that the difference in color emotion response between the two age groups is limited, except for the achromatic colors, dark colors, and white. Indeed, these are more liked by younger observers than by elders.






5. Conclusions


This paper has introduced a review on the significance of light and color in HCI and affective computing. The importance of the study is related to the fact that light and color are omnipresent environmental factors which influence the human being.



The relation between HCI/affective computing and the emotions affected by light and color have been discussed in detail. Also, the color models generally used in affective computing have been briefly introduced. The review on the usage of color and light in affective computing has included detailed characteristics of the methods and recent research trends. The paper has ended up with a revision of papers related to the importance of light and color from demographic, gender and cultural aspects points of view.



The most outstanding results of the review are commented next. Firstly, color influences emotions irrationally or “mildly”. However, as color is always present in our environments, its influence is constant, like in the cases of painted rooms or colored lighting. It is used in numerous and varied application fields. For example, in case of seasonal affective disorder therapy; for personalized learning systems; as a tool to improving the efficiency of HCI, and so on. On the contrary, light is an active factor in comparison to color, which could be labeled as a more proactive and energetic factor. The combination of both light and color is beneficial for the aims of affective computing.



Although there are common cross-national trends in color perception, the usage of some particular colors for people from specific cultures or regions should be taken with caution. The same precaution should be applied to different demographic groups. For example, children may react in a different way than adults under the exposure to certain colors and color combinations.



Lastly, affective computing could cause significant improvements in HCI, contributing to enhance the usability of interfaces. Indeed, computer acquired emotional intelligence, even in its basic form, facilitates an implicit interaction between humans and machines.
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