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Aggressive incidents in public areas, such as in streets with lots of bars, lead to great personal 

and societal costs. Recently, the use of ambient light has been proposed as a subtle and 

unobtrusive intervention to de-escalate potentially aggressive situations. Light could function 

as an affective context cue, namely, as a sensory stimulus that elicits affective meaning and 

thereby impacts cognitive appraisals of a situation (Blascovich & Mendes, 2000). Ambient 

light as affective context cue could have the potential to defuse escalation, as literature 

convincingly suggests context may influence components of aggressive behavior (e.g., 

Anderson & Bushman, 2002; Anderson, Deuser & DeNeve, 1995; Bartholow, Anderson, 

Carnagey & Benjamin, 2005; Berkowitz & LePage, 1967; Blascovich & Tomaka, 1996; 

Carlson, Marcus-Newhall, & Miller, 1990; Donnerstein & Wilson,1976; Geen & O’Neal, 

1969; Kimpton, Corcoran, & Wickes, 2017; Krahe & Bieneck, 2012; Kuo & Sullivan, 2001; 

Macintyre & Homel, 1997; Page & Moss, 1976; G.W. Russell, 1983).  

Via which pathways might these context cues influence aggressive behavior? One 

suggested pathway is through associations between context cues and emotions. Several 

social-cognitive frameworks on aggression propose that associations with cues available in 

the context can trigger cognitive and affective processes related to aggressive behavior (e.g., 

the Cognitive-Neo Associationist model of Berkowitz, 1989; 1990; the General Aggression 

Model of Anderson & Bushman, 2002). More specifically, context cues such as a weapon 

might activate (emotional) concepts related to aggression (Berkowitz & LePage, 1967). 

Based on these social-cognitive models, we might expect that context cues such as light can 

influence components of aggressive behavior by activating (emotional) concepts related to 

aggression or calmness. To evaluate the possibility of these associative pathways, we first 

need to define what concepts and (cross-modal) associations are. 

What are concepts? 
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Concepts can be defined as mental representations that reflect knowledge and 

experience about the world (Carlston, 2010; Jackendoff, 1983; G. L. Murphy, 2004). 

Concepts can consist of general attributes (e.g., positive-negative), specific exemplars, and 

individual features (Greenwald et al., 2002; Smith & Medin, 1981). Feature-based theories 

(e.g., Rosch & Mervis, 1975; Tversky, 1977) propose that the meaning of concepts can be 

represented as a collection of features. In short, the extent to which concepts are perceived as 

similar depends on the number of matching and mismatching features (Tversky, 1977, for an 

overview of theories of concepts and similarity calculation see G. L. Murphy, 2002, Chapter 

3). On the other hand, it is also proposed that the meaning of concepts can be represented as 

points in a multidimensional space (e.g., Kruschke, 1992; Nosofsky, 1986; Osgood, Suci, & 

Tannenbaum, 1957), where the distance between points reflects the relation between 

concepts. More specifically, similarity between concepts decreases exponentially as a 

function of the distance (Shepard, 1987), in such a way that concepts are perceived as more 

similar, when they are closer rather than distant in the multidimensional space (see Smith & 

Medin, 1981, Chapters 4 and 5 for a detailed description of the featural and dimensional 

approach).  

In the present thesis, we focus on a multidimensional approach. Central to this 

multidimensional approach to conceptual space is the idea of polar opposition: Concepts can 

be expressed in terms of more or less of multiple underlying bipolar dimensions in a multi-

dimensional space (e.g., good-bad, active-passive, see Kruschke, 1992; Osgood et al., 1957). 

An impressive number of theories in cognitive psychology and linguistics support the idea 

that polar opposition is a crucial part of conceptual thought (e.g., Banks, Clark, & Lucy, 

1975; Greenwald et al., 2002; Holmes & Lourenco, 2011; Kornblum & Lee, 1995; Kruschke, 

1992; Osgood & Richards, 1973; Paradis & Willners, 2011; Proctor & Cho, 2006; Proctor & 

Xiong, 2015; P. Walker, 2016). One way in which associations between concepts emerge is 
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when both are attributed ‘more’ or ‘less’ of a bipolar dimension (e.g., Osgood et al., 1957; 

Spence, 2011). 

Concepts can be more concrete and more abstract, and this distinction is gradual 

rather than dichotomous (e.g., Wiemer-Hastings & Xu, 2005). Concrete concepts can be 

represented as physical entities (e.g., an apple, or a red colored patch), whereas abstract 

concepts are “entities that are neither purely physical nor spatially constrained” (Barsalou & 

Wiemer-Hastings, 2005, p. 129). Concrete concepts are more likely to have perceptual 

features such as size or shape, whereas abstract concepts mainly consist of introspective 

features such as experiences. For example, the concept anger has no physical perceptual 

attributes, but people do have experience with how it feels to be angry (Barsalou & Wiemer-

Hastings, 2005). In the present thesis, we will focus on the concrete concepts brightness and 

color and the abstract affective concept aggression. We will investigate whether and how 

associations between aggression, brightness, and color might emerge. To gain more insight 

into the potential answers to these questions, we will first need to discuss how concepts in 

general become associated, but more importantly, based on which dimensions concrete 

perceptual concepts such as brightness can become associated with abstract affective 

concepts such as aggression.  

How do concepts become associated? 

Aristotle proposed in de sensu and de memoria that all elements of the mind - 

sensations and ideas - are organized by associations (Ross & Putt, 1906). Similarly, more 

recent models of concept representation suggest that concepts are related through associative 

links in an associative or knowledge network (see for example Anderson & Bower, 1974; 

Carlston, 1994; Carlston & Smith, 1996; Collins & Loftus, 1975; Collins & Quillian, 1969; 

Fiske & Taylor, 1991; Wyer & Carlston, 1994). A concept can become activated if it is 

thought about or if it is perceptually present (Smith & Queller, 2001). Once a concept is 
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activated, it can activate other associated concepts (e.g., Anderson & Bower, 1974). 

Associations differ in strength, and the stronger the association, the more strongly one 

concept can activate another (e.g., Collins & Loftus, 1975). Concepts, hence, can become 

activated to a different degree (see Anderson, 1983 for a quantitative model of spreading 

activation).  

Concepts can become associated based on their similarity in meaning (i.e., synonyms, 

see for example M. L. Murphy, 2003, p. 13), or based on frequent co-occurrence (e.g., bread 

and butter, see for example Meyer & Schvaneveldt, 1971; Neely, 1991). In addition, 

extremely dissimilar concepts can become associated (i.e., bipolar concepts, see for example 

M. L. Murphy, 2003). As an important example, free association tasks show that bipolar 

concepts such as black and white are strongly associated (e.g., Jenkins, 1970; Paradis & 

Willners, 2011). When indicating the first association people think of, most people mention 

white when they see the word black (Jenkins, 1970). Bipolar concepts play an important role 

in activating salient dimensions that structure knowledge networks (see Greenwald et al., 

2002).  

In the present thesis, we are interested in associations between concrete concepts (e.g., 

brightness), and abstract affective concepts (e.g., aggression), which we refer to as cross-

modal associations. Cross-modal associations can also emerge between stimuli of two 

sensory modalities, and thus between two concrete concepts. Spence (2011, p. 973) defines 

cross-modal associations (or, more specific, cross-modal correspondences, see Spence, 2011, 

p. 972, for an evaluation about terminology used in the literature) as a compatibility effect 

between stimuli of different sensory modalities. Importantly, associations emerge between 

polarized stimulus dimensions, and thus between stimuli which are both attributed the ‘more’ 

or the ‘less’ of the dimension. For example, people tend to match brighter visual stimuli with 

louder auditory stimuli, and dimmer stimuli with softer stimuli (e.g., Marks, 1987). In 
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addition to associations between sound and brightness, cross-modal associations have 

repeatedly been shown between stimuli of various sensory modalities, such as color and odor 

(Dematté, Sanabria, & Spence, 2006), sound and taste (Guetta & Loui, 2017), and shape and 

color (Albertazzi et al., 2013).  

In his tutorial review, Spence (2011) proposes the existence of three types of cross-

modal associations between two sensory modalities. The first type of cross-modal association 

proposed by Spence (2011) is structural correspondence. These cross-modal associations are 

based on inherent properties of the brain ((e.g., neural firing) and are therefore not learned 

(Spence et al., 2015). For example, it is suggested that the brain codes stimulus intensity 

similarly across sensory modalities (Spence, 2011). Based on this similarity, cross-modal 

associations can emerge (e.g., between bright light and loud sounds). The second type of 

cross-modal associations is statistical correspondence. These associations reflect the tendency 

of our brain to adopt correlations between stimuli attributes existing in the world, and thus 

reflect learned associations (Spence, 2011). For example, there is a natural correlation 

between the size of an object and the highness of a pitch tone (Spence, 2011). Lastly, Spence 

proposes the existence of semantically mediated correspondences. These are associations 

between attributes of sensory stimuli based on common linguistic terms. An example of such 

an association is between elevation and pitch. ‘High’ and ‘low’ are used to describe levels of 

variation in elevation, and pitch, and based on these linguistic similarities, associations 

between two sensory modalities can emerge (see also Martino & Marks, 1999). These 

associations are context-dependent, in such a way that they are relative rather than absolute. 

In other words, whether a pitch tone is high or low depends on the pitch tone it is compared 

with (Spence, 2011). Importantly, Spence emphasizes these three categories of cross-modal 

associations are not exhaustive, and thus that other type of cross-modal associations might 

exist.  
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In addition to the three categories as proposed by Spence (2011), it is suggested that 

cross-modal associations between two sensory modalities can also emerge based on 

conceptual, connotative dimensions (e.g., Melara & Marks, 1990; L. Walker & P. Walker, 

2016; L. Walker et al., 2012; L. Walker, P. Walker, & Francis, 2012; P. Walker, 2016). 

Sensory stimuli can be recoded into abstract dimensions (Melara & Marks, 1990, p. 492), 

called “dimensions of connotative meaning” (L. Walker & P. Walker, 2012, p. 1186), that 

revolve around the sensory modalities (e.g., a ‘brightness’ connotative dimension). 

Importantly, these bipolar conceptual dimensions can become aligned, and therefore stimuli 

of different sensory modalities which are correspondingly positioned along dimensions can 

become associated (i.e., “crosstalk”, see for example L. Walker & P. Walker, 2016, p. 138). 

For example, based on the position along their conceptual dimensions, a bright stimulus (as 

compared to a dark stimulus) can become associated with a high pitch (as compared to a low 

pitch). Next to these dimensions based on sensory modalities, cross-modal associations might 

emerge based on affective conceptual dimensions such as valence (see Spence, 2011, p. 973; 

Marks, 1996, p. 393). Based on these conceptual dimensions, cross-modal associations 

between concrete concepts such as brightness and abstract affective concepts such as 

aggression might emerge (e.g., Collier, 1996; Osgood et al., 1957).  

Affective dimensions of meaning 

Inspired by the synesthesia phenomenon, Osgood and colleagues (1957, p. 21) 

proposed that, in general, stimuli from different modalities such as visual and emotional 

modalities, might have “shared significances or meanings”. According to Osgood and 

colleagues, this shared meaning of stimuli from different modalities is represented by a 

limited set of dimensions. More specifically, the research by Osgood et al. (1957) revealed 

that people can structure concepts along (at least) three main dimensions, namely the 

evaluation dimension (i.e., valence; goodness, pleasantness, or beauty), the activity 
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dimension (e.g., quickness, agitation, or warmth) and potency dimension (e.g., strength, 

roughness, or weight). The three dimensions each span a continuum from less to more (e.g., 

immoral to moral, Osgood & Richards, 1973). Osgood and colleagues (1957, p. 72) propose 

that the meaning of concepts can vary multi-dimensionally. In other words, the variance 

along one dimension can be independent of the variation along another dimension. Therefore, 

concepts might be for example judged as good and strong (e.g., hero), but also as good and 

weak (e.g., pacifist).  

Osgood (1969, p. 196) proposes that the valence, activity, and potency dimensions 

measure the affective component of meaning. In other words, the dimensions as measured 

with the semantic differential, capture a “gut” reaction towards concepts. In the semantic 

differential, participants are forced to judge a range of concepts on bipolar scales such as hot-

cold and fair-unfair. For few concepts these scales will literally be applicable (e.g., fire), but 

for many concepts, these scales are metaphorically used (e.g., anger). Thus, the affective 

dimensions of meaning are not suitable to capture absolute features of concepts (e.g., a cat 

has whiskers and meows, see for example G. L. Murphy, 2004, p. 515), but they are very 

suitable to measure affective components of a concept (e.g., a cat is perceived as stronger 

than a mouse).  

Affective meaning and emotion 

In the emotion literature, we see theoretical work that focuses on dimensions similar 

to the valence, activity, and potency dimensions (i.e., the pleasantness, arousal, and 

dominance dimensions, see for example Larsen, Norris, McGraw, Hawkley, & Cacioppo, 

2009; Russell & Mehrabian, 1977), and concepts which might focus more on affective 

meaning. To discuss similarities and differences between these theoretical approaches, we 

will first present definitions of the concept of emotion used in the literature, and discuss the 

distinction between discrete and dimensional theories on emotions.  



 Chapter 1 – General introduction 

9 
 

When considering emotion literature, the concepts affect, feeling, and emotion are 

important to define. Affect is often referred to as a general feeling in terms of valence 

(Baumeister, Vohs, DeWall, & Zhang, 2007; Dael, Sierro, & Mohr, 2013; Zajonc, 1980). 

Feelings are referred to as a part of an emotion, consisting of the “subjective emotional 

experience component of emotion” (Scherer, 2005, p. 699). Although the exact definition of 

emotion is debated amongst emotion theorists, in very general, emotions can be defined as 

“brief psychological and physiological responses that are subjectively experienced as feelings 

and that prepare a person for action.” (Gilovich, Keltner, & Nisbett, 2006, p. 475). Emotions 

exist of several components, such as a cognitive component, a feeling component, a 

motivational component, a somatic component, and a motor component (although not all 

theorists agree on whether all these specific components are necessary or sufficient, see 

Moors, 2009). Several theories aim to describe how an emotion emerges (for reviews see 

Harmon-Jones, Harmon-Jones, & Summerell, 2017; Moors, 2009). For example, appraisal 

theories of emotions propose that cognitive processes determine whether a stimulus or event 

will evoke an emotion or not (Moors, 2009; Moors, Ellsworth, Scherer, & Frijda, 2013; 

Roseman & Smith, 2001; Scherer, 2005). Not the stimulus itself, but the appraisal of a 

stimulus as being goal relevant will trigger an emotion. For example, hearing a strange sound 

in your house does not necessarily evoke an emotional response. It will only evoke an 

emotional response when that sound is being appraised as relevant for one’s goal of safety, as 

the sound might indicate a robber is in your house (Moors, 2009). In addition, it is proposed 

that an emotion might arise when a stimulus is appraised simply as positive or negative, 

without being linked to a person’s goals (i.e., in case of aesthetic emotions, see Scherer, 

2005).  

One way to organize theories on emotions is to make a distinction between discrete 

theories and dimensional theories (e.g., Harmon-Jones et al., 2017; Scherer et al., 2013). In 
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general, discrete emotional theories postulate that each emotion is linked to a unique neural 

signature that is developed by evolutionary processes (i.e., basic emotions, see Ekman, 1992). 

The experience of emotions can be categorized into mutually exclusive categories (e.g., anger 

or fear) based on specific features such as facial expressions or pattern, automatic nervous 

system activity, or action tendencies (e.g., Ekman, 1992; Izard, 2011). In contrast, 

dimensional theories challenge the idea of emotions as natural kinds, and propose that 

fundamental dimensions such as pleasure and arousal underlie the experience of an emotion 

(e.g., Feldman-Barrett, 1998; Russell & Feldman-Barrett, 1999; Russell & Mehrabian, 1977). 

For example, Russell (2003) proposes that the experience of specific emotions such as anger 

is a result of the categorization of core affect into emotion categories. Core affect is the 

combination of the pleasure and arousal dimension (see Figure 1.1 for an illustration of the 

dimensions of core affect).  

 

Figure 1.1. Illustration of core affect, the combination of the dimensions pleasure and 

arousal. Adapted from Russell, 2003, ‘Core affect and the psychological construction of 

emotion’, Psychological Review, 110, p. 148.  
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Not surprisingly, the valence, activity, and potency dimension of Osgood and 

colleagues (1957) have strong similarities with fundamental dimensions of emotions. Already 

in 1896, Wundt proposed that feelings can be expressed by means of three dimensions, 

namely, pleasantness-unpleasantness, tension-relief, and excitement-quiet. More recently, 

Russell and Mehrabian (1977), proposed the existence of three factors for the descriptions of 

emotional responses, the pleasure-displeasure dimension, the arousal dimension, and the 

dominance dimension. Based on these dimensions, the widely-used self-assessment manikin 

for measuring emotional responses was developed (Bradley & Lang, 1994). The pleasantness, 

arousal, and dominance dimension, and especially the pleasantness and arousal dimension, 

have repeatedly been used to measure emotional responses (e.g., Bradley, Greenwald, Petry, 

& Lang, 1992; Briki & Hue, 2016; Collier, 1996; Feldman-Barrett & Russell, 1998; Russell, 

Weiss, & Mendelsohn, 1989; Valdez & Mehrabian, 1994; Wilms & Oberfeld, 2017). 

In the present thesis, we will not focus on emotional experiences (e.g., “I feel angry 

when I see this color”), but on cross-modal associations between concrete and abstract 

affective concepts (e.g., “I associate this color with anger”). We operationalize abstract 

affective concepts as semantic stimuli, consisting of discrete emotional terms such as ‘anger’, 

dimensional terms such as ‘positivity’, but also as emotion-related terms such as ‘aggressive’. 

Although we do not aim to measure emotional responses, the distinction between discrete and 

dimensional emotion theories provides an insight in how emotional terms can be structured. 

More specifically, although the dimensional and discrete approach propose different 

processes of the causation and experience of emotions, they can be combined to structure 

semantic emotion terms (Scherer, Fontaine, Sacharin, & Soriano, 2013). In other words, 

discrete semantic emotional terms such as anger can be placed in a multi-dimensional space 

consisting of fundamental dimensions. For example the Geneva Emotion Wheel (GEW, see 

Scherer 2005; Scherer et al., 2013) structures emotional concepts based on the pleasantness 
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and dominance dimension. See Figure 1.2 for an illustration of the Geneva Emotion Wheel. 

In this line, Russell and Mehrabian (1977, Study 2) showed that discrete semantic emotional 

terms can be differentiated by the pleasure, arousal, and dominance dimension.  

 

Figure 1.2. An illustration of the Genova Emotion Wheel version 3.0 (see Scherer, 2005; 

Scherer et al., 2013). Retrieved from https://www.affective-sciences.org/gew/.  

 

In the field of color-emotion associations, a recurring question is to what extent 

associations between color and emotion terms are discrete or dimensional (e.g., Dael et al., 

2016; Gil & Bigot, 2014). In case of discrete associations, researchers propose that specific 

color-emotion associations exist (e.g., between red and anger, see Fetterman, Robinson, & 

Meier, 2012). Dimensional associations indicate that a color can become associated with 

dimensional concepts such as positivity, and therefore a color can become associated with 

multiple emotional terms (e.g., Valdez & Mehrabian, 1996). In Chapter 4, we will explore the 

extent to which associations between dynamic light stimuli and abstract affective concepts 

might be emotion-specific or dimensional. However, the main aim of the present thesis is to 

investigate the extent to which the valence, activity, and potency dimension can be used to 

https://www.affective-sciences.org/gew/
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predict cross-modal associations between abstract affective concepts, color, and brightness, 

and to investigate how contextual features influence these associations.  

Cross-modal associations between aggression, color, and brightness 

In the present thesis, we focus on the question how the concrete concepts brightness 

and color might become cross-modally associated to the abstract affective concept 

aggression. Based on the literature of Osgood and colleagues, we expect that cross-modal 

associations between aggression, brightness, and color might emerge based on the valence, 

activity, or potency dimension, and in particular based on the valence or and activity 

dimension (e.g., Collier, 1996; Russell, 2003). For example, literature shows that aggression, 

as compared to calmness is perceived as an active, but also as a negative concept (Russell & 

Mehrabian, 1977). Brightness compared to darkness on the other hand, is repeatedly shown to 

be associated with positivity (e.g., Adams & Osgood, 1973; Frank & Gilovich, 1988; Lakens 

et al., 2013; Meier, Fetterman, & Robinson, 2015; Valdez & Mehrabian, 1994), but also with 

activity (e.g., Marks, 1978; Mattes et al., 2010). 

Because cross-modal associations between two concepts can emerge when both are 

attributed ‘more’ or ‘less’ of a bipolar dimension (e.g., Collier, 1996; Spence, 2011; Osgood 

et al., 1957), associations between aggression and light may emerge in more than one way. 

When concepts are aligned along the valence dimension, we would expect that aggression 

would not be associated with brightness, but with darkness, as they are both form the ‘less’ of 

the valence dimension. However, when the concepts are aligned along the activity dimension, 

we would expect an association between aggression and brightness to emerge, because they 

both form the ‘more’ of the activity dimension. Hence, cross-modal associations between 

aggression and brightness seem to depend on the salience of either the valence or the activity 

dimension. We expect that the context might play a crucial role in determining which 

dimension becomes salient in a task. In Chapters 2 and 3 we investigate how contextual 
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features might influence cross-modal associations between aggression, brightness, and color. 

Below, we will discuss what the role of the context might be for associations between 

concrete and abstract affective concepts to emerge.  

The role of the context 

Studies in cognitive psychology, social cognition, and linguistics convincingly show 

that task-specific context plays a crucial role when engaging in conceptual thought (e.g., 

Barrett, Wilson-Mendenhall, & Barsalou, 2014; Blair, 2002; Elliot & Maier, 2012; Foroni & 

Mayr, 2005; Frühholz, Trautmann-Lengsfeld, Hermann, 2011; Gawronski, Ye, Rydell, & De 

Houwer, 2014; Mitchell, Nosek, & Banaji, 2003; Paradis & Willners, 2011; Rothermund & 

Wentura, 2001, 2004; Schwarz, 2007; Smith, 1996). Although researchers have repeatedly 

shown that the associative meaning of the same concept can vary across different contexts, it 

has proven difficult to predict when exactly people assign which associative meaning to a 

concept. Incorporating context effects in models of human cognition is one of the major 

future challenges in psychological research (e.g., Mesquita, Feldmann-Barret, & Smith, 

2010).  

Studies suggest that associations between brightness, color, and emotional concepts 

can depend on the context (e.g., Buechner, Maier, Lichtenfeld, & Schwarz, 2014; Elliot, 

2015; Lakens, Semin, & Foroni, 2011). For example, the color red is associated with 

dominance (Mentzel, Schücker, Hagemann, & Strauss, 2017), but also with failure (Moller, 

Maier, & Elliot, 2009). Although context-effects have repeatedly been demonstrated, it 

remains difficult to predict how and which specific context features influence the meaning of 

concepts. In the present thesis, we aim to understand these context-effects by investigating 

the context-dependency of cross-modal associations between aggression and light (Chapters 2 

and 3). Below, we will discuss two models describing how the context could influence the 

activation of associations in general, namely the color-in-context theory (Elliot & Maier, 
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2012; Elliot, 2015) and the associative-propositional evaluation model (Gawronski & 

Bodenhausen, 2006; 2007; 2011).  

The aim of the color-in-context theory (Elliot & Maier, 2012; Elliot, 2015) is to 

predict and explain the link between color and affect, cognition, and behavior. Elliot and 

Maier (2012) postulate 6 premises that form the core of the framework. First, color can 

convey meaning, and function as a symbol. That is, color can have psychologically relevant 

associations, and can convey various types of information. Second, perception of color 

influences affect, cognition, and behavior, in the expected direction based on the meaning of 

the color. More specifically, colors with positive associations can evoke an approach-oriented 

response, whereas colors with negative associations can trigger avoidance-oriented processes 

(Elliot & Maier, 2012). Third, color has an automatic effect of psychological functioning, and 

can be seen as an implicit affective cue. Therefore, color can act as a non-conscious prime 

and subtly influence psychological processes. Fourth, the meaning of a color can be derived 

from social learning as well as from biological pathways. In other words, the meaning of 

colors can be learned through for example literature and rituals, but can also be derived from 

roots in biology. If the latter source is expected, similar effects of color should be found on 

primates or human infants (Elliot & Maier, 2012). Fifth, the link between color and meaning 

is bidirectional, in such a way that the meaning of a color might influence the perception of 

that color as well. Sixth, and most important for the present thesis, the meaning of color, and 

therefore the effect of color on psychological functioning, is context specific. Elliot and 

Maier (2012, p. 70) define context as “a set of circumstances that frame a color and determine 

its meaning in integrated fashion.” This context can be very specific, for example the size of a 

surface the color is presented on, but can also be more general, such as an achievement 

context (Elliot & Maier, 2012). 
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Whereas the color-in-context theory focuses on how the meaning of color might vary 

across different contexts, the associative-propositional evaluation model explains how the 

context might influence (attitudinal) evaluations of objects and persons. Gawronski and 

Bodenhausen (2006; 2007; 2011) developed the associative-propositional evaluation model 

to understand dissociations between explicit and implicit evaluations of a target object. 

Central to their model is the notion that implicit and explicit evaluations are the outcome of 

distinct mental processes. Implicit evaluations are the result of associative processes, which 

represent activation of associations in memory. Explicit associations are the outcome of 

propositional processes, which represent the validation of the evaluation implied by activated 

associations. In other words, when encountering an evaluative object or person (e.g., a dark 

alley), associations will be activated (“affective gut reactions”, p. 62, e.g., fear), which will be 

translated into a statement (e.g., I am afraid of dark alleys).  

The activation of associations depends on the context (i.e., the input stimuli) and on 

the pre-existing structure of associations in memory. A limited set of object-related 

associations is activated, and which set is activated depends on the input stimuli. For 

example, encountering an old person in a family setting might activate the stereotypical 

association with ‘sweet’, whereas encountering an old person in a shopping context, the 

stereotypical association ‘slow’ might become activated. Therefore, a similar evaluative 

object might activate different associational patterns, depending on the context in which it is 

encountered.  

Moreover, Gawronski and Bodenhausen propose that the overall valence of the 

activated associative patterns influences the explicit evaluations together with other 

propositional beliefs relevant for the evaluation. If the associative patterns and the 

propositional beliefs are similar, the evaluative judgment will be in line with the associative 

pattern. However, when the first gut reaction and propositional beliefs are different, the 
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evaluative judgment might not be in line with the associative patterns. Therefore, an attitude 

towards an object as measured with implicit measures might be different from the attitude 

towards the same object as measured with explicit measures. See Gawroski and Bodenhausen 

(2006; 2007; 2011) for a detailed description of the propositions and open questions of the 

associative-propositional evaluation model. 

How might the context influence associations between brightness, color, and aggression?  

In the present thesis, an important question is how the task-specific context might 

influence associations between brightness, color, and aggression. Literature shows that cross-

modal associations between stimuli of two sensory modalities might be relative rather than 

absolute (e.g., Brunetti, Indraccolo, Del Gatto, Spence, & Santangelo, 2018; Spence, 2011; P. 

Walker, 2016). More specifically, studies convincingly show that cross-modal associations 

can depend on the opposing stimulus available in the task (e.g., L. Walker & P. Walker, 

2016; P. Walker & L. Walker, 2012; Marks 1987). For example, L. Walker and P. Walker 

(2016) investigated the extent to which cross-modal associations between size and brightness 

were relative. In their study, participants were asked to categorize bright and dark stimuli 

presented on the screen, by pressing a large or a small key. The results showed that a medium 

sized key was associated with a brighter stimulus when it was paired with a bigger key. 

However, the same medium sized key was associated with a darker stimulus when it was 

paired with a smaller key. Hence, associations between brightness and size seem to be 

context-dependent.  

Similarly, and more closely related to the present thesis, Lakens et al. (2012) showed 

that a white stimulus was associated with positivity when it was presented against a black 

background. However, this association did not emerge when white was presented against a 

grey background. Hence, the association between white and positivity only emerged when the 

negativity of black was activated (Lakens et al., 2012). Together, these studies show that 
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cross-modal associations between concrete and abstract affective concepts might crucially 

depend on contextual cues such as the opposing stimuli or background color available in the 

task. We investigate in Chapters 2 and 3 which task-specific factors, including the opposing 

stimuli available in the task, might influence associations between brightness, color, and 

aggression.  

Cross-modal associations between brightness, color, and abstract affective concepts: a short 

review 

To understand how brightness and colors might be related to the valence and activity 

dimension, we have reviewed (a subset of) studies investigating the effects of color and 

brightness on cognition and emotion. In the recent decade, research to the effects of color and 

brightness on cognition, emotion, and behavior has become increasingly popular (see for 

example Elliot, 2015). These studies include a wide range of dependent measurements, such 

as cognitive performance (e.g., Elliot, Maier, Moller, Friedman, & Meinhardt, 2007; Gnambs, 

Appel, & Batinic, 2010; Maier, Elliot, & Lichtenfeld, 2008; but see also Arthur, Cho, & 

Munoz, 2016; von Castell, Stelzmann, Oberfeld, Welsch, & Hecht, 2017; Steele, 2014, for 

studies not supporting the effect of color on cognitive performance), explicit attitudes (e.g., 

Buechner, Maier, Lichtenfeld, & Elliot, 2014; Pazda, Elliot, & Greitemeyer, 2014; Schwarz 

& Singer, 2013), but also response times on categorization tasks (e.g., Lakens et al., 2012; 

Meier, Robinson, & Clore, 2004; Moller, Maier, & Elliot, 2009).  

Next to the effects of color, also the effects of ambient lighting on cognition, emotion, 

and behavior have been investigated. These studies include the effects of ambient lighting on 

behavioral measurements such as creative output (e.g., Steidle & Werth, 2013), conflict 

resolution (e.g., Kombeiz, Steidle, & Dietl, 2017; Steidle, Hanke, & Werth, 2013), and 

cheating behavior (e.g., Chiou & Cheng, 2013; Zhong, Bohns, & Gino, 2010). In addition, 
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the effect of ambient lighting on evaluations of people has been investigated (e.g., Baron, 

Rea, & Daniels, 1992; Schaller, Park, & Mueller, 2003).  

Attributes of color and brightness stimuli 

Before we proceed to the review of studies on the explicit evaluations of colors, it is 

important to define the relevant attributes of colors. In the field of color-emotion associations, 

the hue, brightness, and saturation are frequently linked to conceptual dimensions such as 

valence and discrete emotional concepts such as joy (e.g., Briki & Hue, 2016; Dael et al., 

2016; Gil & Bigot, 2014; Valdez & Mehrabian, 1994; Wilms & Oberfeld, 2017). The hue of 

a color represents how similar a stimulus is to green, yellow, blue, red, or a combination of 

these two colors. An achromatic color has no hue, whereas a chromatic color can be 

described in terms of its hue (e.g., yellow, orange). Brightness refers to the attribute to which 

a stimulus appears to emit more or less light, and essentially captures the black-white 

dimension of a color. Saturation (or colorfulness) refers to the purity or intensity of a hue 

(Fairchild, 2005).  

In the present thesis, we aim to investigate cross-modal associations people might 

have between the hue, brightness, saturation of a color and abstract affective concepts such as 

aggression (Chapters 2 and 3). We will manipulate the brightness of a color by adjusting the 

amount of white present in the stimulus. We refer to the saturation of a color to the amount of 

grey, where a low saturated color contains more grey than a high saturated color. In the 

experiments reported in this thesis, the hue of the color will be red, blue, green, or purple. 

Colors can be described using various color models. We will describe the color stimuli with 

the use of the CIE xyY model, where the Y represents the brightness of a color (in cd/m2), 

and the x and y represent the chromaticity values of the color and thus indicate the hue. In 

addition, we will describe colors in terms of the red, green, and blue values (i.e., according to 

the standard RGB color space). We assume that the associations we examine are not too 
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dependent upon specific properties of the stimuli. It is not the exact level of brightness, or the 

exact RGB values that activate associations, but the classification of stimuli as red or bright 

that subsequently activates cross-modal associations.    

In addition, next to associations between color and abstract affective concepts, in 

Chapter 2, we will investigate how the physical presentation of a brightness stimulus might 

influence cross-modal associations between brightness and aggression (i.e., brightness 

differences presented on a screen versus brightness differences presented with a light fixture). 

We will make a distinction between illuminance brightness and surface brightness. In the 

present thesis, we will refer to illuminant brightness when brightness stimuli appear as 

“luminous spots in darkness” (e.g., a light fixture that is on, see Marks, 1987, p. 385), 

whereas surface brightness indicate stimuli which appear as dark or light surfaces (e.g., black 

and white presented on a grey background, see Marks, 1987; P. Walker & L. Walker, 2012). 

In Chapter 2, we will more elaborately discuss the difference between illuminant and surface 

brightness in the context of the present thesis.  

Below, we will present a (short review), in which we will direct our attention to 

studies on the associations between colors, brightness, and abstract affective concepts, and to 

studies on the effect of colors and brightness on explicit judgments. For this, we first 

reviewed studies which included explicit evaluations of colors. Second, we reviewed studies 

on associations between color, brightness, and abstract affective concepts measured through 

reaction time paradigms. Last, to understand whether associations between brightness and 

abstract affective concepts might influence explicit judgments, we reviewed studies on the 

effect of color and brightness on explicit judgments of people or objects. In these selected 

studies, various colors were manipulated. For example, the effect of the color yellow on 

perceptions of sportsmanship has been investigated (Chantal & Bernache-Assollant, 2015), as 

well as the extent to which pink and green are associated with positivity (Gil & Le Bigot, 
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2014). However, the majority of studies included the color red and black versus white. 

Hence, when discussing these studies, we will focus largely on red and brightness.   

Color associations explicitly measured 

Several studies have investigated associations between colors and emotions by 

explicitly asking participants their (emotional) response to color stimuli (Adams & Osgood, 

1973; Briki & Hue, 2016; Valdez & Mehrabian, 1994; Wilms & Oberfeld, 2017). Closely 

related to the semantic differential of Osgood et al. (1957), Adams and Osgood (1973) 

investigated the cross-cultural affective meaning of colors. In their study, people from 23 

cultures evaluated color words on several scales related to the valence, activity, and potency 

dimension (e.g., hot-cold). The results showed that in general, red and black were perceived 

as strong, whereas yellow, white, and grey were perceived as weak. In addition, white, green, 

and blue were perceived as good, whereas black and grey were perceived as bad.  

Whereas Adams and Osgood (1973) investigated associations with color words, 

Valdez and Mehrabian (1994) investigated associations between colored patches and the 

valence, activity, and potency dimensions. The results showed that brighter colors were 

mostly associated with positive emotions, whereas darker colors were associated with more 

negative emotions. In addition, more saturated colors were mostly associated with emotions 

high in arousal, whereas less saturated colors were associated with emotions lower in arousal. 

Darker colors were perceived to be stronger than brighter colors.  

Wilms and Oberfeld (2017) used a similar method as Valdez and Mehrabian (1994) to 

investigate the effect of hue, saturation, and brightness on affective judgments. In their study, 

participants observed colors (i.e., red, green, blue, and gray) presented by an LED panel, and 

indicated their current emotional state for each color stimulus on a self-assessment manikin 

for arousal and valence. In line with findings of Valdez and Mehrabian (1994), the results 

showed that the level of saturation of the chromatic colors had a strong effect on activity-
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ratings. In addition, brighter colors were perceived as more pleasant than darker colors, but 

the largest difference emerged between chromatic and achromatic colors. More specifically, 

the chromatic hues were evaluated to be more pleasing than gray.  

Based on these explicit evaluation studies, we might conclude that the brightness of 

colors seems to be related to the valence and potency dimension, whereas the saturation of 

colors seems to be mainly related to the activity dimension. These color-emotion associations 

might be similar across cultures (Adams & Osgood, 1973). However, the meaning people 

give to colors might also vary between different cultures (Aslam, 2006). In the present thesis, 

we will not focus on cultural differences, but we aim to investigate how features of a task-

specific context influence associations between aggression, color, and brightness. More 

specifically, in Chapter 2, we investigate how a task-specific context influences associations 

between aggression and the saturation and brightness of color. 

Color associations measured through reaction time paradigms 

In addition to explicit measurement, associations between colors and abstract 

affective concepts are also measured more implicitly. Associations between red and abstract 

affective concepts are repeatedly demonstrated (Fetterman, Robinson, & Meier, 2012; Ho, 

van Doorn, Kawabe, Watanabe, & Spence, 2014; Mentzel, Schücker, Hagemann, & Strauss, 

2017; Moller, Maier, & Elliot, 2009; Pravossoudovitch, Cury, Young, & Elliot, 2015; Young, 

Ambady, Elliot, & Feltman, 2013). Studies suggest the color red is associated with anger 

(Fetterman et al., 2012; Young et al., 2013). For example, Fetterman et al. (2012) showed that 

participants categorized anger-related words into the category anger faster when the font was 

red as compared to blue or grey, whereas the speed of categorization of sad-related, fear-

related, or neutral related words was not affected by font color. Fetterman and colleagues 

proposed that the association between red and anger can be explained best from an emotion-

specific perspective, as the color red facilitated only anger-related words. However, studies 
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suggest that red can be associated with other concepts than anger (e.g., Moller et al., 2009; 

Mentzel et al., 2017; Pravossoudovitch et al., 2015). For example, Moller and colleagues 

(2009) showed that red as compared to green is associated with negativity and failure. In 

addition, red can be associated with danger (Pravossoudovitch et al., 2015), but also with 

dominance (Mentzel et al., 2017), and even with warmth (Ho et al., 2014). To conclude, 

based on these studies, red might be associated with active concepts, but can also be 

associated with negative concepts, dependent on the task-specific context. In Chapter 3, we 

aim to predict the context-dependency of associations with red.  

In addition to associations with the color red, associations with brightness have 

repeatedly been demonstrated through reaction time paradigms. In line with findings of 

Valdez and Mehrabian (1994), studies convincingly suggest a link between brightness and 

valence (i.e., Lakens et al., 2012; Meier, Robinson, & Clore, 2004; Meier, Fetterman, & 

Robinson, 2015; Sherman & Clore, 2009). For example, Meier and colleagues (2004) 

conducted five studies to investigate the association between brightness and affect. 

Participants were asked to categorize negative and positive words, presented in black or 

white, on a light grey background. The results showed that participants responded faster and 

more accurately when positive words were presented in white, and negative words were 

presented in black. A large-scale replication of these studies confirmed the association 

between white and positivity, and black and negativity (Meier et al., 2015). 

In line with the before mentioned context-sensitivity of associations, we see that 

brightness is not just associated with the valence dimension, but also with the activity 

dimension (Marks, 1987; Marks, Szczesiul, & Ohlott, 1986; Mattes, Leuthold, & Ulrich, 

2002). In the research of Mattes et al. (2002), participants were asked to respond to bright and 

dimmed stimuli with a weak or strong response (i.e., force exerted on a button). Participants 

found it easier to respond to a bright stimulus with a strong response than with a weak 
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response. This suggests that people associate a bright stimulus with high intensity while a 

dimmed stimulus is associated with low intensity, based on which associations between 

brightness and activity are likely (i.e., between illuminant brightness and activity, see P. 

Walker & L. Walker, 2012, p. 1234, and Chapter 2 of the present thesis, p. 46, for a 

discussion about the difference between illuminant and surface brightness). In Chapter 2, we 

investigate how the task-specific context influences associations between brightness, valence, 

and activity. 

Effect of color on explicit judgments 

In line with the idea that associations activated by context cues might influence 

judgments of objects and persons (see the association propositional evaluation model, 

Gawronski & Bodenhausen, 2006; 2007; 2011), studies suggest that colors and brightness 

might influence explicit judgments of people. A majority of studies into the effects of color 

on explicit judgments focuses on the effect of the color red, and especially on the effect of red 

on ratings of attractiveness or sexual intent (e.g., Elliot & Niesta, 2008; Pazda, Elliot, & 

Greitemeyer, 2012; Schwarz & Singer, 2013, see Elliot & Maier, 2012 for a review of the 

effect of red in an affiliation context). As an example, Elliot and Niesta (2008) showed that 

men evaluated women to be more attractive and more sexually desirable when they were in 

context of red (i.e., presented on a red background, or wearing a red dress). In this line, a 

large-scale study of Pazda et al. (2014) showed an effect of red (and black) on evaluations of 

attractiveness. However, multiple replication studies did not find support for the red-

attractiveness effect (Hesslinger, Goldbach, & Carbon, 2015; Lehman & Calin-Jageman, 

2017; Peperkoorn, Roberts, & Pollet, 2016), and indicate rigorous research is needed to 

understand the meaning of red in a romantic context (Peperkoorn et al., 2016). 

Studies suggest that red might activate associations related to threat, aggression, and 

dominance (Feltman & Elliot, 2011; Wiedemann, Burt, Hill, & Barton, 2015). Wiedemann 
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and colleagues (2015) investigated the effect of red on judgments of aggressiveness and 

dominance. In their study, participants were presented with male models, in a red, blue, and 

grey shirt, and were asked to evaluate the models in terms of aggressiveness and dominance. 

The results showed that participants evaluated the male models wearing red as more 

aggressive and more dominant than the models wearing grey. Based on these studies, we 

might expect that red can activate associations related to activity and potency, in line with 

results of Mentzel et al. (2017) and Pravossoudovitch et al. (2015). 

In addition, red might influence judgments of people in a negative way (Maier et al., 

2013). Maier and colleagues investigated how the color red might affect impressions of 

others in an achievement context. In their first experiment, participants were presented with a 

photograph of a male, wearing a red or a green shirt, and were asked to indicate how 

intelligent they thought the target person was. The results showed that the target person 

wearing a red shirt was judged to be less intelligent compared to the target person wearing the 

green shirt. The second and third experiment confirmed this effect of red on competence 

judgments, and showed that a male wearing a red tie was judged to have less earning 

potential and leadership potential than a male wearing a blue tie. However, Kramer (2016) 

aimed to conceptually replicate the findings of Maier and colleagues, but found no support 

for the effect of red on impressions of competence. In four experiments, participants were 

asked to judge politicians wearing either a blue or a red tie on leadership ability, dominance, 

and believability. The results of all four experiments showed no significant effect of red on 

leadership ability, dominance, or believability. The unsuccessful replication of Kramer 

(2016) suggests further research to the effect of red on explicit judgments in a competence 

context is needed. 

The effect of brightness differences on explicit judgments of persons and objects has 

been investigated as well (i.e., Baron, Rea, & Daniels, 1992; Frank & Gilovich, 1988; 
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Lakens, Fockenberg, Lemmens, Ham, & Midden, 2013; Schaller, Park, & Mueller, 2003; Xu 

& Labroo, 2013). Among these studies, the experimental designs and exact dependent 

measures differed substantially. First, the manipulation of brightness differences differed 

across studies. For example, while in the dim condition of the experimental design of Baron 

et al. (1992) participants were seated in a room with an illumination of 150 lux, in the dim 

conditions employed by Xu and Labroo (2013), the room was illuminated only by the light of 

computer monitors. Second, the presentation of brightness differed highly across studies. 

Whereas Schaller et al. (2002), Baron et al. (1992), and Xu and Labroo (2013), manipulated 

ambient lighting, Frank and Gilovich (1988) investigated the effect of black and white 

uniforms on explicit judgments. In addition, Lakens and colleagues (2013) manipulated the 

brightness of photographs. Last, although all studies measured explicit judgments of people 

or objects, the contexts of the studies differed widely. For example, whereas in the study of 

Baron et al. (1992) participants evaluated a fictive employee, in the study of Frank and 

Gilovich (1988) participants evaluated sport teams. These differences do not allow a direct 

comparison of effects of brightness differences on explicit judgments. Below, we will discuss 

the findings of Lakens and colleagues (2013) and Frank and Gilovich (1988). 

Lakens and colleagues (2013) investigated whether the strong association between 

brightness and valence might spill over to the evaluation of naturalistic photographs. In their 

studies, participants evaluated brighter and darker photographs. The results showed that 

brighter photographs are evaluated more positively compared to darker pictures, irrespective 

of the content of the photographs. Similarly, Frank & Gilovich (1988) investigated whether 

the specific association between black and evil might influence the perception of sport teams. 

In their study, participants were asked to watch a videotaped football match, in which the 

defensive team either wore a black or a white outfit. Participants were asked to indicate how 

aggressive they thought the football team was, and how likely they were to penalize them. 
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Interestingly, irrespective of the actual actions of the teams, participants indicated they 

thought the defensive team wearing black was more aggressive than the defensive team 

wearing white. In addition, participants indicated they were more likely to penalize the 

defensive team wearing black. The results suggest that the color black as compared to white 

can make the association with evil and aggressiveness salient, which might influence the 

perceiver’s judgment. Frank and Gilovich (1988, p. 83) emphasize the importance of the 

context for making the negative meaning of black salient: “… it would seem the case that the 

semantic link between the color black and evil and aggressiveness would be particularly 

salient in domains that already possess overtones of competition, confrontation, and physical 

aggression.” In Chapter 2 we investigate how the task specific context might influence 

associations between brightness and aggression. In Chapter 5 we investigate the effect of 

brightness differences on explicit judgments of others. 

To conclude, although effects of color on explicit judgments are not always 

replicated, color (especially the color red) and brightness seem to have the potential to 

activate associations related to valence and activity, and to influence explicit judgments of 

people and objects. The task-specific context (e.g., competition) seems of crucial importance 

for understanding the activation of associations, and for understanding how color and 

brightness influence judgments. However, although context effects are repeatedly shown, it 

remains difficult to predict how and which specific context features influence the meaning of 

concepts and the activation of associations.  

Present research 

The present thesis aims to understand and explore the potential of light as subtle and 

unobtrusive intervention in situations in which aggressive behavior frequently occurs. One of 

the ways in which contextual cues such as light might be able to influence aggressive 

behavior is by the activation of concepts that in turn change behavior. In the present thesis, 
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we investigate cross-modal associations between light and aggression. The first set of 

experiments will examine the question how task-specific features (e.g., labels of the task) 

might influence associations between light, color, and aggression. The second set of 

experiments aims to explore the potential of static and dynamic light as a context-cue to 

activate associations and influence judgments.  

In Chapter 2 and Chapter 3, we aim to predict cross-modal associations between 

aggression, brightness, and color across various contexts. For this, we present a series of 

implicit association tests. We manipulated the context by manipulating the opposing stimuli, 

manipulating the presentation of the stimuli (i.e., brightness presented on the screen or with a 

light fixture), or by manipulating the labels in the task. 

In Chapter 4, we investigate associations people might have between dynamic light 

scenarios and emotional concepts. First, we investigate with two qualitative studies which 

parameters of dynamic light (e.g., rate of change) might be related to abstract affective 

concepts (e.g., calm), and second, we study associations between a subset of those parameters 

and abstract affective concepts quantitatively. 

In Chapter 5, we aim to investigate the effect of brightness differences on person 

perception. We present two studies in which we asked people to report their explicit 

judgments of relatively bright and dark photographs of people in terms of valence, activity, 

potency, and aggression. 

In Chapter 6, we reflect on the role of the context and the affective dimensions of 

meaning for measuring and predicting cross-modal associations between aggression, color, 

and brightness. In addition, we discuss the theoretical and practical implications of the results 

of the present thesis. 
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Chapter 2 

Predicting context-dependent cross-modal associations between brightness and aggression  
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“It is clear that everything on this planet is relative and has independent existence only 

insofar as it is distinguished in its relations to and from other things… since every conception 

is thus the twin of its opposite, how could it be thought of first, how could it be communicated 

to others who tried to think of it, except by being measured against its opposite?” 

Abel (as cited in Freud, Collected Papers, Strachey edn, IV, p. 187) 

 

Understanding how we give meaning to concepts lies at the core of being able to predict how 

people behave, think and feel. Studies in cognitive psychology, social cognition, and 

linguistics convincingly show that task-specific contexts play a crucial role when 

constructing meaning and when engaging in conceptual thought (e.g., Barrett, Wilson-

Mendenhall, & Barsalou, 2014; Elliot & Maier, 2012; Gawronski, Ye, Rydell, & De Houwer, 

2014; Mitchell, Nosek, & Banaji, 2003; Paradis & Willners, 2011; Rothermund & Wentura, 

2001, 2004; Schwarz, 2007; Smith, 1996). As we noted in Chapter 1, researchers have 

repeatedly shown that the meaning of the same concept can vary across different contexts. 

However, it has proven difficult to predict when people assign which meaning to a concept. 

Incorporating context effects in models of human cognition is one of the major future 

challenges in psychological research (e.g., Mesquita, Feldmann Barrett, & Smith, 2010). In 

the present chapter, we aim to predict context-dependent cross-modal associations between 

aggression and light.  

An impressive number of studies indicate that features present in a specific context 

can influence the associative meaning of a concept in a task (e.g., Blair, 2002; Elliot & Maier, 

2014; Frühholz, Trautmann-Lengsfeld, & Herrmann, 2011; Lakens, Fockenberg, Lemmens, 

Ham, & Midden, 2013). For example, studies show that in an achievement context, red is 

associated with failure and negativity (e.g., Moller, Elliot, & Maier, 2009), while in a 

romantic context, red is associated with attraction and excitement (e.g., Elliot & Pazda, 
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2012). Although context-effects have repeatedly been demonstrated, it remains difficult to 

predict when specific context features will influence the meaning of concepts. 

Concepts can be defined as knowledge about the world, consisting of general 

attributes (e.g., positive-negative), specific exemplars, and individual features (see Greenwald 

et al., 2002). Concepts are related to each other through associations, which differ in strength. 

The stronger the association, the more strongly one concept activates another. Concepts, 

hence, can become activated to a different degree. In the current chapter, we refer to the 

meaning of concepts as points in a multidimensional space (e.g., Nosofsky, 1986), where the 

distance between points reflects the relation between concepts. More specifically, similarity 

between concepts decreases exponentially as a function of the distance (Shepard, 1987), in 

such a way that concepts are perceived as more similar, when they are closer rather than 

distant in the multidimensional space. Central to this multidimensional approach to 

conceptual space is the idea of polar opposition: Concepts can be expressed in terms of more 

or less of multiple underlying bipolar dimensions in a multi-dimensional space (e.g., good-

bad, active-passive, see Kruschke, 1992; Osgood, Suci, & Tannenbaum, 1957). One way in 

which associations between concepts emerge is when both are attributed ‘more’ or ‘less’ of 

the bipolar dimension (e.g., Osgood et al., 1957).  

We are particularly interested in how context influences associations between 

concrete and abstract affective concepts, which we refer to as cross-modal associations. In the 

field of perception, cross-modal associations (or cross-modal correspondences) are referred to 

as associations between concepts or features from different sensory modalities (e.g., 

brightness and sound, see Spence, 2011 for a review). However, the term cross-modal 

associations has also been used more generally to define associations between various 

modalities, be it less frequently (e.g., between color and emotion or language, see for 

example Dael, Perseguers, Marchand, Antonietti, & Mohr, 2016; Elliott, Cowan, & Valle-
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Inclan, 1998; Gardner, 1974; Hanauer & Brooks, 2003; Hupka, Zaleski, Otto, Reidl, & 

Tarabrina, 1997; Lakens, Semin, & Garrido, 2010). In the current chapter, we will use the 

term cross-modal association to indicate associations between a concrete and an abstract 

affective concept pair (e.g., black and white with aggressive and calm) based on an 

underlying conceptual dimension (e.g., valence)1. We acknowledge that this definition 

deviates from the more common definition used in the field of perception. 

Based on factor analyses performed on a large amount of cross-cultural data, the 

research by Osgood et al. (1957) revealed that people can structure concrete and abstract 

affective concepts along (at least) three main dimensions, namely valence, activity and 

potency. Based on this seminal work by Osgood and colleagues, we propose the dimension-

specificity hypothesis, which is the idea that context-dependent cross-modal associations can 

be predicted by understanding which dimension of meaning becomes most salient in a 

specific context. The dimension-specificity hypothesis predicts that the direction and strength 

of cross-modal associations between the same pairs of bipolar concepts (e.g., bright vs dark, 

and aggressive vs calm) can depend crucially on the specific dimension of meaning that is 

most salient in a specific context.  

We tested the dimension-specificity hypothesis across 3 sets of studies. We first 

investigated whether the dimension-specificity hypothesis allowed us to predict context-

dependent associations between brightness, saturation, and aggression. We then used the 

dimension-specificity hypothesis to explain previously observed context-effects between 

brightness and valence or activity (Experiment 2.2), and in Experiment 2.3, we tested a more 

                                                 
1 To be precise, in the current thesis, we refer to concrete concepts as concepts which 

can be represented as physical entities, whereas affective abstract concepts are “entities that 
are neither purely physical nor spatially constrained” (Barsalou & Wiemer-Hastings, 2005, p. 
129). More specifically, we define concrete concepts as features from (visual) sensory 
modalities (e.g., a white versus black colored patch), and abstract concepts as affective words 
(e.g., aggression versus calmness). 
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subtle prediction of the dimension-specificity hypothesis that examined how categorization 

labels of the task influence salience of dimensions of meaning. Before we present the 

dimension-specificity hypothesis in more detail, we first review theories on which the 

dimension-specificity hypothesis is built, including the affective theory of meaning (Osgood 

et al., 1957) and the polarity correspondence principle (Proctor & Cho, 2006; Proctor & 

Xiong, 2015). 

Dimensions of meaning 

As outlined above, concepts are related to each other through associations, which 

differ in strength. The stronger the association, the more strongly one concept activates 

another (Greenwald et al., 2002). Although very similar concepts can be strongly associated 

in a knowledge network, so can extremely dissimilar concepts. As an important example, 

bipolar opposed concepts such as black and white are on opposite endpoints of at least one 

dimension in a multidimensional space, but free association tasks show that bipolar concepts 

are strongly associated (e.g., Jenkins, 1970; Paradis & Willners, 2011). Bipolar concepts are 

strongly associated through their ‘relation by contrast’ (M. L. Murphy, 2003), and play an 

important role in activating salient dimensions that structure knowledge networks (Greenwald 

et al., 2002). 

Although Osgood et al. (1957) emphasize that there are many dimensions that 

structure meaning, the results of their extensive research program have repeatedly shown that 

people use three primary dimensions when assigning (affective) meaning to concepts: The 

valence dimension (i.e., valence; goodness, pleasantness, or beauty), the activity dimension 

(e.g., quickness, agitation, or warmth), and the potency dimension (e.g., roughness, 

masculinity, or weight). The three dimensions each span a continuum from less to more (e.g., 

immoral to moral, Osgood & Richards, 1973). Osgood and colleagues (1957, p. 72) propose 

that the meaning of concepts can vary multi-dimensionally. In other words, the variance 
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along one dimension can be independent of the variation along another dimension. Therefore, 

concepts might be for example judged as good and strong (e.g., hero), but also as good and 

weak (e.g., pacifist). Importantly, Osgood and colleagues stress that these dimensions are not 

exhaustive, and the composition can change as a function of the context (e.g., dimensions can 

collapse into one dimension dependent on the evaluated concepts, see Osgood et al., 1957, p. 

74).  

In their affective theory of meaning, Osgood and Richards (1973) proposed three 

basic characteristics of human cognitive processes that explain how concepts become 

associated in their affective theory of meaning, namely, bipolar organization of dimensions of 

meaning, polarity attribution, and parallel polarity. From the mid-twentieth century, these 

basic cognitive principles have been prominent in many other lines of research on cross-

modal associations specifically, and on associations more generally. We discuss each of these 

three basic characteristics below.  

Bipolar organization, polarity attribution, and parallel polarity 

Osgood and Richards (1973) start with the proposition that conceptual dimensions are 

represented as bipolar oppositions. An impressive number of theories in cognitive psychology 

and linguistics support the idea that polar opposition is a crucial part of conceptual thought 

(e.g., Banks, Clark, & Lucy, 1975; Greenwald et al., 2002; Holmes & Lourenco, 2011; 

Kornblum & Lee, 1995; Kruschke, 1992; Medin & Schaffer, 1978; G. L. Murphy, 1996; 

Osgood & Richards, 1973; Paradis & Willners, 2011; Proctor & Cho, 2006; Proctor & Xiong, 

2015; Walsh, 2003). 

A second important aspect of the affective theory of meaning as defined by Osgood 

and Richards (1973) is that people attribute positive polarity to one of the polar opposites, 

and negative polarity to the opposite pole. Good, active, and strong are all ‘more’ of the 

valence, activity, and potency dimensions, respectively, and thus typically form the plus pole 
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of the scale, while bad, passive, and weak all have ‘less’ of the respective dimensions, and 

thus typically form the minus pole of the scale. This idea, that is central to the dimension-

specificity hypothesis, is similar to, but more specific than the theoretical idea of a single 

magnitude dimension underlying cross-modal associations (e.g., Walsh, 2003), in that 

concepts can be ‘more’ or ‘less’ on specific dimensions (e.g., valence, activity, or potency).  

The third process contributing to the emergence of associations between concepts 

according to Osgood and Richards (1973) is the notion of parallel polarity. Parallel polarity, 

or the polarity correspondence principle (Proctor & Cho, 2006), predicts that endpoints of 

dimensions will be related in parallel, plus poles with plus poles, and minus poles with minus 

poles. For example, when the opposition between good and bad and the opposition between 

strong and weak become aligned, based on their plus polar attributions, good and strong will 

be associated, while based on their minus polar attributions, bad and weak will be associated.  

Studies show that non-evaluative dimensions such as salience (e.g., Proctor & Cho, 

2006; Rothermund & Wentura, 2004), perceptual dimensions such as intensity or magnitude, 

as well as conceptual amodal dimensions (e.g., Marks, 1978; Spence, 2011; L. Walker & P. 

Walker, 2016) and affective dimensions (e.g., Collier, 1996) can underlie polarity 

correspondence. For example, bright light and loud sounds are both perceived as being 

‘more’ of an intensity dimension compared to dim light and soft sounds, and might therefore 

be associated (Marks, 1978). In the current chapter, we aim to show that polarity 

correspondence on specific dimensions of meaning (i.e., valence, activity, or potency 

dimension) might predict context-dependent cross-modal associations between concrete and 

abstract affective concepts.  

Current theories about polarity correspondence suggest that concepts are associated 

when they both form the plus pole or minus pole on any dimension (e.g., Proctor & Xiong, 

2015). However, as outlined above, concepts are represented in a multidimensional space, 
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and consequently, each concept is represented along multiple conceptual dimensions. It is 

therefore possible that a concept forms the plus pole on one dimension, but the minus pole on 

another dimension. In the current set of studies, we focus on the concept of aggression, which 

compared to calmness forms the plus pole on the activity dimension, but the minus pole on 

the valence dimension (Russell & Mehrabian, 1977). Brightness is more active, and more 

positive, compared darkness, and thus forms the plus pole on both the activity and the 

valence dimension, whereas darkness forms the minus pole on the activity and valence 

dimension (e.g., Adams & Osgood, 1973; Lakens et al., 2013; Marks, 1978; Mattes et al., 

2010; Meier, Fetterman, & Robinson, 2015). If polarity correspondence is indeed a 

mechanism in cross-modal associations, it is essential to predict along which specific 

dimension aggression-calmness becomes aligned with a second pair of concepts. Following 

the principle of parallel polarity, aggression could be associated with brightness (when 

aggression is attributed the plus pole on the activity dimension), but also with darkness (when 

aggression is attributed the minus pole on the valence dimension). Thus, it seems likely that 

the polarity correspondence that emerges will be context-dependent, and is determined by the 

salience of either the valence dimension or the activity dimension. When the activity 

dimension is salient, cross-modal associations between aggression and brightness, and 

between calmness and darkness would be predicted. However, if the valence dimension is 

salient, cross-modal associations between aggression and darkness, and between calmness 

and brightness would be predicted.  

Importantly, in the current chapter, we assume that associations between concrete and 

abstract affective concepts depend on their context-dependent relation to other concepts (e.g., 

brightness as compared to darkness), in line with other studies investigating cross-modal 

associations (e.g., Lakens et al., 2012; L. Walker & P. Walker, 2016). Whether associations 

emerge automatically, or dependent on context-specific factors is under debate (see for 
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example, Spence & Deroy, 2013), but as far as the dimension-specificity hypothesis predicts 

they can be both. Figure 2.1 provides a schematic illustration of a two-dimensional 

conceptual space with the concepts aggression, calmness, brightness, and darkness. 

 

Figure 2.1. Schematic illustration of the concepts aggression, calmness, brightness, 

aggression in a two-dimensional space consisting of the activity and valence dimension. 

When the activity dimension (vertical) is salient, aggression and brightness (the two top 

concepts), and calmness and darkness (the two bottom concepts) will become associated. 

However, when the valence dimension (horizontal) is salient, aggression and darkness (the 

two left concepts) and calmness and brightness (the two right concepts) will become 

associated.  

Dimension specificity hypothesis 

To predict context-dependent cross-modal associations between concrete and abstract 

affective concepts, we propose the dimension-specificity hypothesis, which is based on the 

idea that context-dependent cross-modal associations can be predicted by understanding 

which dimensions of meaning (i.e., the valence dimension, activity, or potency dimension) 
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become most salient in a specific context. The direction and strength of cross-modal 

associations between the same bipolar concept pairs (e.g., bright vs dark, and aggressive vs 

calm) depend on the specific dimension of meaning that is most salient in a specific context. 

If the dimension-specificity hypothesis holds, we should be able to predict cross-modal 

associations in situations where concepts are attributed positive and negative polarity on 

multiple dimensions, and thus where parallel polarity could be resolved in multiple ways 

(e.g., aggressive vs calm and bright vs dark). Which dimensions of meaning become 

activated within a task depends on the context. 

How does the context activate specific dimensions of meaning? Based on literature on 

this topic, we assume that polar oppositions activate the dimension they are opposed on 

(Becker, 1980; Lakens, 2012; Lakens, Semin, & Foroni, 2012; Paradis & Willners, 2011; 

Scherer & Lambert, 2009; Willners & Paradis, 2010). For example, studies of antonymy in 

the field of linguistics suggest that concept pairs in an antonym relationship (e.g., good vs 

bad) evoke properties of the same underlying dimension (e.g., goodness; Paradis & Willners, 

2011; Paradis, van de Weijer, Willners, & Lindgren, 2012). We see a similar tentative 

assumption that dimensions can become activated through bipolar oppositions in a task in 

experimental research in social cognition. For example, Moors, Spruyt, and de Houwer 

(2010, p. 29) note that "The mere fact for example that all stimuli in a prototypical affective 

priming study have a polarized valence might be sufficient to increase the salience of valence 

(see also Moors, 2007; Moors & de Houwer, 2006; Spruyt, Teige-Mocigemba, Everaert & 

Klauer, 2008)". In the current chapter, we aim to explicitly test this assumption. We expect 

that when a concept pair (i.e., bipolar opposed concepts) is present in a cognitive task, the 

dimension(s) on which the bipolar opposed concepts differ most will become salient. These 

conceptual distances thus reflect the extent to which bipolar concepts differ in terms of 

valence dimension, activity, and potency. For example, when people process the concepts 
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‘fast’ and ‘slow’, which are highly opposed on the activity dimension, but less strongly 

opposed on for example the valence dimension (Osgood et al., 1957), the activity dimension 

will become salient, and will receive more attention than other dimensions of meaning.  

In cognitive tasks in psychology (e.g., an affective priming paradigm), multiple 

bipolar concept pairs are often present. Therefore, multiple dimensions can potentially 

become activated in such a task context. The dimension-specificity hypothesis predicts that 

polarity attribution will be based on the salient dimension. We propose that a weighting 

process will determine which of the activated dimensions becomes most salient in the task 

specific context. For example, when categorizing black, white, positive, and negative related 

stimuli in a cognitive task, both concept pairs (i.e., black vs white, and positive vs negative) 

have the highest conceptual distance on the valence dimension, which will therefore receive 

the most (relative) weight, and thus will become the salient dimension of meaning that 

structures cross-modal associations in this context. We expect that when the weight of the 

salient dimension in a specific task is relatively high, a stronger association will emerge 

between concept-pairs than when the weight of the salient dimension is relatively low. See 

Figure 2.2 for an illustration of the proposed process to predict context-dependent cross-

modal associations with the dimension-specific polarity attributions.  

 

Figure 2.2. An illustration of the process to predict context-dependent cross-modal 

associations with dimension-specific polarity attributions. 
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Current research 

To test the dimension-specificity hypothesis, we conducted a series of three 

experiments, in which we predicted the emergence of associations between concrete stimuli 

(i.e., color related or brightness related) and abstract affective stimuli (i.e., aggression 

related). For each set of studies, we determined the conceptual distances of concept-pairs 

relevant for the task (i.e., categories and stimuli) based on pilot studies or findings in the 

literature. Next, we predicted which dimension would become salient in the task. In the 

current set of experiments, we focused on the valence dimension and activity dimension. 

Subsequently, the polarities of the concepts for the salient dimension were identified, and we 

examined whether the associations between concepts predicted by the dimension-specificity 

hypothesis would emerge. We tested the dimension-specificity hypothesis by manipulating 

the context, either by manipulating the opposing stimuli (Experiment 2.1), manipulating the 

presentation of the stimuli (i.e., brightness presented on the screen or with a light fixture, 

Experiment 2.2), or by manipulating the labels in the task (Experiment 2.3).  

Implicit association test 

In order to test the dimension-specificity hypothesis, we use the implicit association 

test (IAT, Greenwald, McGhee, & Schwartz, 1998). In an implicit association test, stimuli 

belonging to two concept pairs (i.e., black-white figures, positive-negative words) have to be 

categorized into combined categories (e.g., black-negative, white-positive) by left or right 

keypresses. It is typically observed that when people have to press the same key for strongly 

associated concepts, the categorizations are faster, and response times are lower, compared to 

when people have to press the same key for concepts that are weakly or not associated.  

The IAT was developed to measure associations in knowledge structures consisting of 

bipolar concept pairs such as female-male, and positive-negative (Greenwald et al., 2002). 

Multiple underlying processes of the IAT have been identified (for an overview, see Teige-
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Mocigemba, Klauer, & Sherman, 2010). The IAT can measure the strength of pre-existing 

associations between concepts (Greenwald et al., 2002), but is also influenced by task-

dependent factors. For example, asymmetries in the salience of the target and attribute 

categories can determine the associations that will emerge within a specific task context, 

resulting in associations without any intrinsic meaning (Rothermund & Wentura, 2004).  

We used the IAT because it contains, by default, multiple concept pairs consisting of 

polar opposites, making it ideally suited to examine the context-dependency of cross-modal 

associations. The IAT has been used in previous studies to measure cross-modal associations 

between two sensory modalities, for example between taste and pitch (Crisinel & Spence, 

2009), between odor and color (Demattè, Sanabria, & Spence, 2007), and between visual and 

auditory stimuli (Parise & Spence, 2012). Furthermore, the task provides the possibility to 

systematically manipulate the context (e.g., by adjusting category labels). Lastly, the model 

of knowledge structures proposed to underlie associations in the IAT (Greenwald et al., 2002) 

shows important conceptual similarities to multi-dimensional models of meaning that we use 

here to derive our theoretical predictions. To date, there is no consensus about the extent to 

which IAT effects are the result of pre-existing attitudes or task-dependent salience 

asymmetries (see, for example, De Houwer, Teige-Mocigemba, Spruyt, & Moors, 2009; 

Greenwald, Nosek, Banaji, & Klauer, 2005; Proctor & Cho, 2006; Rothermund, Wentura, & 

De Houwer, 2005). In the set of studies we report here, we only use the IAT to show the 

context-dependency of cross-modal associations. As far as the dimension-specificity 

hypothesis is concerned, context-dependent associations can be either pre-existing, or emerge 

due to task dependent factors.  

Sample size justification and statistical analysis 

The sample sizes for Experiments 2.2 and 2.3 were determined a priori based on a 

target of .9 power with at least medium effect sizes expected, using statistical power analysis 
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(G*Power; Faul, Erdfelder, Buchner, & Lang, 2009). Experiment 2.1 was part of an 

educational course, and there the sample consisted of all the students participating in the 

course. In addition, the design and procedure of Experiments 2.2 and 2.3 were approved a 

priori by the ethical board of the human-technology department of Eindhoven University of 

Technology. 

In all experiments, extreme fast and slow responses were removed by excluding 

values that were 1.5 times the interquartile range above the 3th quartile, or 1.5 times the 

interquartile range below the 2nd quartile within participants (Tukey, 1977). The outliers and 

errors are reported (in percentages) for each experiment in the results section. For each study, 

we report frequentist and Bayesian statistics, confidence intervals around Hedges’ g based on 

dav, and the Bayes Factor (JZS) with a r-scale of .707 (Rouder, Speckman, Sun, Morey, & 

Iverson, 2009). For completeness, we report the robust statistics using the Yuen-Welch 

method for comparing 20% trimmed means (Wilcox, 2012; Wilcox & Tian, 2011) in 

Appendix C (p. 202).  

Experiment 2.1 

In the current experiment we aimed to make predictions about the associations 

between brightness, saturation, and aggression with two implicit association tests. The 

brightness and saturation of colors has been shown to be strongly associated with the valence 

dimension, activity, and potency dimensions and primarily with the valence and activity 

dimensions respectively (Valdez & Mehrabian, 1994). In the current experiment, we 

manipulated the salient dimension within a task by adjusting the concrete color features (i.e., 

brightness or saturation), but kept the abstract affective concepts (aggression and calmness) 

constant across the two IATs. This allowed us to examine whether a similar color stimulus 

that differed in saturation or brightness would be associated with aggression in one task, and 

calmness in another task, dependent on whether valence dimension or activity was the salient 
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dimension. Whereas we expected the valence dimension to become salient in Experiment 

2.1A where brightness was manipulated, we expected the activity dimension to become 

salient in Experiment 2.1B where saturation was manipulated. 

Experiment 2.1A: bright-dark versus aggressive-calm 

In Experiment 2.1A, we tested the associations between bright and dark purple, and 

aggression and calmness related concepts. The brightness of colors is shown to be most 

strongly associated with the valence dimension (Valdez & Mehrabian, 1994). Brighter colors 

as opposed to darker colors are perceived as more positive than active (Adams & Osgood, 

1973; Valdez & Mehrabian, 1994). Based on these findings, we estimated the distance of the 

concept pair bright-dark (as presented in the color stimuli and target labels) to be the highest 

on the valence dimension. Aggression as opposed to calmness (as presented in stimulus 

words and attribute labels) was expected to activate both the valence dimension and activity 

dimension, as aggression-calmness is conceptually distant on the activity as well as the 

valence dimension (Russell & Mehrabian, 1977; pilot Study 2, see Appendix B for the 

results). Weighting the dimension distances of all the concept-pairs, we expected the valence 

dimension to become salient in Experiment 2.1A. Brightness and calmness were predicted to 

form the plus pole on the valence dimension, whereas darkness and aggression would form 

the minus pole on the valence dimension. As a result, brightness and calmness (and darkness 

and aggression) should become associated in Experiment 2.1A.  

Method 

Participants  

Twenty-one participants at Eindhoven University of Technology, all students of the 

first-year course Psychology and Technology, volunteered to participate for partial course 

credits.  
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Materials 

Participants were asked to categorize calm (i.e., zen, calm, relaxed, peaceful) and 

aggressive (i.e., furious, murder, enraged, destroy) words, and dark and bright stimuli into 

the categories aggressive, calm, brighter (‘helderder’ in Dutch), and darker (‘donkerder’ in 

Dutch). The figures consisted of relatively bright (RGB: 191, 115, 230; xyY: .28, .19, 32.58) 

and relatively dark purple (RGB: 64, 38, 77; xyY: .26, .17, 3.29)2 squares. The colors were 

chosen in Adobe Photoshop C6 (in standard RGB color space).  

Design 

The IAT consisted of practice blocks and two critical experimental blocks, where the 

brightness vs darkness and aggressive vs calm pairings of the response keys were 

manipulated. In one block, dark figures and aggressive words shared a response key (and 

bright figures and calm words shared the other response key), whereas in the other block dark 

figures and calm words shared a response key (and bright figures and aggressive words 

shared the other response key). The order of the experimental blocks, as well as the response 

key assignment (whether black figures were assigned to the left or right response key) was 

counterbalanced between participants.  

Procedure 

Participants completed the implicit association task at home. They were instructed to 

perform a categorization task where they would have to categorize words and figures. 

Following the typical procedure in the IAT, participants first received two practice blocks, 

one with the figures and the dark-bright categorization task, and one with the word stimuli 

and the aggressive-calm categorization task. The practice blocks consisted each of 20 trials, 

in which stimuli were randomly presented. In a third block, words and figures had to be 

categorized simultaneously. This block consisted of a total of 60 trials, in which 30 word 

                                                 
2 Experiments 2.1A and 2.1B were conducted at participants’ home, and therefore the 

xyY values are an approximation, based on colors presented on a standard RGB monitor. 
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stimuli and 30 figure stimuli were randomly presented. In a fourth block, participants 

received a practice block with 40 trials to learn the inverted response assignments for the 

figure stimuli. In the last block, a combined classification task of 60 trials was presented, in 

which responding was inverted for one category compared to block three.  

The presentation of the stimuli and registration of the responses were controlled by 

Inquisit software. All word stimuli were presented in black uppercase letters in the middle of 

a grey (RGB: 128, 128, 128) computer screen. Category labels (dark, bright, aggressive, 

calm) were shown at the top right and top left corners of the display, referring to the 

assignment of the categories to responses. Two keys on a QWERTY keyboard were used as 

response keys (A: left, L: right). In each trial, the stimulus remained on the screen until a 

response was registered. When participants entered an incorrect response, the stimulus 

remained on the screen, and an error message was displayed in red beneath the stimulus 

(“ERROR”). The intertrial interval was 250 milliseconds. 

Results 

Erroneous responses (6%) and extremely fast and slow responses (6%) were excluded 

from analysis. We calculated the mean response times in milliseconds for each participant for 

the two critical blocks. As expected, response latencies were shorter when the categories 

brighter and calm, and darker and aggressive shared the same response keys (M = 575 ms, SD 

= 74 ms) than when brighter and aggressive, and darker and calm shared the same response 

keys (M = 791 ms, SD = 161 ms), 95% CI = [-278.29, -153.65], JZS BF10 = 31674.37, t(20) = 

7.23, p < .001, Hedges' g = 1.66, 95% CI = [-2.42, -1.01]. These results support the idea that 

a cross-modal association emerged between brightness and calmness, and darkness and 

aggression. Whereas in Experiment 2.1A we tested whether dark and bright purple colored 

stimuli were associated with the valence dimension, in Experiment 2.1B we tested whether 

saturated as opposed to unsaturated purple colored stimuli activated the activity dimension.  
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Experiment 2.1B: saturated-unsaturated versus aggressive-calm 

In Experiment 2.1B, we tested the associations between saturated and unsaturated 

purple, and aggression and calmness related concepts. Based on the results of Valdez and 

Mehrabian (1994), we expected that the saturated-unsaturated concept pair (as presented in 

the color stimuli and target labels) would have a higher conceptual distance on the activity 

dimension than on the valence dimension. As before, the concept pair aggression-calmness 

(as presented in stimulus words and attribute labels) was still assumed to differ equally on the 

activity and valence dimension. Overall, the activity dimension should receive the highest 

weight, and thus was predicted to become salient. Saturated stimuli and concepts related to 

aggression were would form the plus pole on the activity dimension, whereas unsaturated 

stimuli and calmness related concepts would form the minus pole on the activity dimension. 

Based on these polarity attributions, saturated and aggression, and unsaturated and calmness 

should be associated in the IAT. We conducted two versions of the saturation IAT. In 

Version 1, the saturated stimuli were darker than the bright stimuli used in Experiment 2.1A. 

To investigate whether a same stimulus with high saturation and high brightness can be 

associated with aggression in an activity context (i.e., compared to an unsaturated stimulus), 

and with calmness in an valence dimension context (i.e., compared to a darker stimulus), we 

conducted a replication study (Version 2) in which the saturated stimuli were exactly 

identical to the brighter stimuli used in Experiment 2.1A. We report the results of Version 1 

(and add the results of Version 2 in brackets).  

Method 

Participants 

Twenty-eight participants (Version 2: forty-five participants) who did not participate 

in other experiments reported here, all students of the first-year course Psychology and 

Technology at Eindhoven University of Technology, volunteered for partial course credits. 
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Design and Procedure  

Participants were asked to categorize calm and aggressive words, and saturated and 

less saturated colored stimuli into the categories aggressive, calm, saturated, and unsaturated. 

The same calm and aggressive words as in Experiment 2.1A were used. The figures consisted 

of relatively saturated (RGB: 87, 12, 128; xyY: .24, .11, 4.72) and relatively unsaturated 

(RGB: 114, 89, 128; xyY: .28, .22, 12.69)2 purple squares. In Version 2, the figures consisted 

of relatively saturated (i.e., exactly the same as in Experiment 2.1A; RGB: 191, 115, 230; 

xyY: .28, .19, 32.58) and relatively unsaturated (RGB: 165, 143, 175; xyY: 0.29, 0.26, 45.06) 

purple squares. The design and procedure were identical to Experiment 2.1A.  

Results 

Erroneous responses (9%; Version 2: 8%) and extremely fast and slow responses (6%; 

Version 2: 6%) were excluded from analysis. We calculated the mean response times in 

milliseconds for each participant for the two critical blocks. As expected, response latencies 

were shorter when the categories saturated and aggressive, and unsaturated and calm shared 

the same response key (M = 564 ms, SD = 70 ms; Version 2: M = 610 ms, SD = 167 ms), 

than when saturated and calm, and unsaturated and aggressive (M = 802 ms, SD = 161 ms; 

Version 2: M = 744 ms, SD = 170 ms) shared the same key, 95% CI [182.96, 293.43], JZS 

BF10 = 6387558.02, t(27) = 8.85, p < .001, Hedges' g = 1.87, 95% CI [1.25, 2.58] (Version 2: 

95% CI [80.87; 188.01], JZS BF10 = 2304.87, t(44) = 5.06, p < .001, Hedges' g = .78, 95% 

CI [.44; 1.14]). These results support the idea that a cross-modal association emerged 

between saturated and aggression, and unsaturated and calmness. See Figure 2.3 for the mean 

reaction times for the critical blocks of the IATs of Experiment 2.1 (Version 1 of Experiment 

2.1B).  
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Figure 2.3. Mean reaction times in milliseconds for the critical blocks of the 

brightness IAT of Experiment 2.1A (left) and the saturation IAT of Experiment 2.1B (right). 

Error bars represent standard errors of the mean. 

Discussion 

These results provide further support for the dimension-specificity hypothesis. When 

stimuli differed in terms of their brightness (Experiment 2.1A), brighter and darker color 

stimuli were categorized based on the valence dimension. Darker colors, as compared to 

brighter colors, were associated with aggression. However, when stimuli differed in terms of 

their saturation (Experiment 2.1B), saturated colors were associated with aggression, and 

unsaturated colors with calmness. As saturated and unsaturated colors do not differ in terms 

of valence, these results suggest that the associations emerged based on the activity 

dimension. Therefore, the same stimulus with high saturation and high brightness can be 

associated with aggression in an activity context (i.e., compared to an unsaturated stimulus), 

and with calmness in a valence dimension context (i.e., compared to a darker stimulus). 

These context-dependent associations can be predicted with dimension-specific polarity 

attributions on either the activity or the valence dimension. A limitation is that Experiment 
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2.1 was conducted in participants’ homes, on participants’ computer or laptop. Therefore, we 

could not control the presentation of the colors and environmental conditions such as ambient 

lighting precisely. We expected that the impact of this concern on our results may be minor 

as the labels of the IAT (i.e., saturated vs unsaturated) increased the salience of the activity 

dimension. However, it remains a question whether the saturation dimension would influence 

associations between colored stimuli and emotional concepts in experimental tasks where the 

saturation dimension is less salient. 

Experiment 2.2 

In Experiment 2.2, we conducted two IATs3 to test the dimension-specificity 

hypothesis for another cross-modal association that has revealed contextual differences in the 

literature. Research has shown that brightness as compared to darkness is associated both 

with valence (e.g., Adams & Osgood, 1973; Lakens et al., 2013; Meier et al., 2015) and with 

activity (Marks, 1978; Mattes et al., 2010; Romaiguère, Hasbroucq, Possamaï, & Seal, 1993). 

When reviewing these studies, we noticed that whenever associations between brightness and 

valence were observed, brightness differences were manipulated on a screen or on a piece of 

paper (e.g., Meier, Robinson, & Clore, 2004), while studies that revealed an association 

between brightness and activity manipulated brightness using a light fixture (e.g., 

Romaiguère et al., 1993). In Experiment 2.2, we investigated whether the concept pair 

brightness-darkness activates different underlying dimensions, and would thus lead to distinct 

association patterns with valence and activity related concepts, depending on the physical 

presentation of the brightness stimuli. 

Although both the screen and light fixture are light emitting sources, they are 

perceived differently. Brightness differences on a screen are perceived as black and white on 

                                                 
3 Experiment 2.2 additionally contained 2 IATs with dynamic brightness stimuli (i.e., 

an increase or decrease in screen or luminance brightness). However, the results of those two 
IATs are not relevant for the current chapter, and are therefore not reported. 
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a grey surface, as if ink on paper, while brightness differences in a light fixture are perceived 

as magnitude differences. Theoretically, a distinction is made between prothetic and 

metathetic dimensions (as defined by Stevens, 1957; see Smith & Sera, 1992; Spence, 2011; 

P. Walker & L. Walker, 2012; Walsh, 2013). Prothetic dimensions, or magnitude dimensions, 

are dimensions defined by quantity, or by ‘how much’, such as loudness, intensity or size. 

Metathetic dimensions can be discriminated by ‘what kind’ such as hue (Stevens, 1957). 

Light in a fixture is perceived as a prothetic dimension (i.e., illuminant brightness, see Marks, 

1987; Smith & Sera, 1992; P. Walker & L. Walker, 2012), brightness differences on a screen 

are perceived as a methathetic dimension (i.e., surface brightness, or black vs white, see 

Marks, 1987; Walker, 2012). Studies have revealed distinct association patterns of bright vs 

dark stimuli, depending on the physical presentation. For example, bright lights are 

associated with loud sounds rather than quiet sounds, whereas no associations emerge 

between white and loudness (e.g., Marks, 1987).  

The results of our pilot Study 1 (see Appendix A) show that brightness differences, 

when presented on a screen, are most strongly discriminated on the valence dimension. 

However, when brightness differences are presented in a light fixture, they are mostly 

differentiated in terms of activity and potency. Based on our pilot work, we predicted that 

whether the valence dimension or activity dimension becomes salient in a task depend on 

how brightness stimuli are presented (i.e., as a metathetic dimension in the form of black and 

white on a screen, or as a prothetic dimension in the form of a light fixture). As a 

consequence, we expected that cross-modal associations between brightness-darkness, and 

aggression-calmness would be influenced by the way the brightness stimuli are presented.  

Experiment 2.2A 

In Experiment 2.2A, we tested the associations between brightness presented on a 

screen (i.e., black vs white) and aggression and calmness related concepts. Based on our pilot 
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study and previous experiments (e.g., Marks, 1978; P. Walker & L. Walker, 2012), we 

expected that screen based brightness differences (i.e., black and white stimuli) would have 

the highest conceptual distance on the valence dimension. The target labels bright-dark are 

expected to have the highest conceptual distance on the valence dimension as well (Adams & 

Osgood, 1973; Osgood et al., 1957). Because aggression-calmness (as presented in word 

stimuli and attribute labels) would have equal distances on the valence dimension and the 

activity dimension, we expected that in the IAT, the valence dimension would receive the 

most weight, and thus would become most salient. Brightness and calmness were expected to 

form the plus pole on the valence dimension, whereas darkness and aggression were expected 

to form the minus pole on the valence dimension. Based on these polarity attributions, 

brightness and calmness, and darkness and aggression, were expected to be associated in 

Experiment 2.2A.  

Method 

Participants 

Forty-three students at Eindhoven University of Technology completed the screen 

brightness IAT voluntarily for a monetary compensation of 10 euros.  

Materials  

Participants were asked to categorize calm and aggressive words, and black and white 

figures into the categories aggressive, calm, brighter (‘helderder’ in Dutch), darker 

(‘donkerder’ in Dutch). The aggressive and calm words were identical to Experiment 2.1A. 

The light stimuli consisted of white (111.8 cd/m²) and black (0.28 cd/m²) shapes, which 

captured almost the whole screen (i.e., 100% in width, 75% in height). The background was 

grey (32.8 cd/m²).  

Procedure and design 
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Participants completed the test in isolation in individual cubicles in front of 

computers. In other aspects, the design and procedure of the IAT was similar to the procedure 

of Experiment 2.1A, except for the software with which the presentation of the stimuli and 

registration of the responses were controlled by (i.e., E-prime), and the number of trials (i.e., 

48 trials in each critical block, and 24 trials in the practice blocks). In addition, the intertrial 

interval was 500 milliseconds. 

Results 

Erroneous responses (7%) and extremely fast and slow responses (5%) were excluded 

from the analysis. We calculated the mean response times in milliseconds for each participant 

for the two critical blocks. Response latencies were shorter when the categories aggressive 

and darker (and calm and brighter) shared the same response key (M = 548 ms, SD = 62 ms) 

compared to when the categories aggressive and brighter (and calm and darker) shared the 

same response key (M = 730 ms, SD = 172 ms), 95% CI [138.1, 226.21], JZS BF10 = 

56248620.08, t(42) = 8.34, p < .001, Hedges' g = 1.39, 95% CI [0.96, 1.85]. These results 

support the idea that a cross-modal association emerged between brightness and calmness, 

and darkness and aggression, when brightness stimuli are presented on the screen (i.e., black 

and white figure stimuli).  

Experiment 2.2B 

In Experiment 2.2B, we tested the associations between brightness differences 

presented in a light fixture and aggression and calmness related concepts. Aggression as 

opposed to calmness (presented in stimulus words and attribute labels) was expected to 

activate the valence dimension and activity dimension, as aggression-calmness is 

conceptually distant on the activity as well as the valence dimension (Russell & Mehrabian, 

1977; pilot Study 2, see Appendix B). Based on pilot Study 1 (see Appendix A), and previous 

experiments (Marks, 1978; Romaiguère et al., 1993), we expected that the bright-dark stimuli 
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as presented in a light fixture, would have the highest conceptual distance on the activity 

dimension. In contrast, the target labels bright-dark are expected to have the highest 

conceptual distance on the valence dimension (Adams & Osgood, 1973; Osgood et al., 1957). 

However, at the outset of the experiment, we were unsure about the relative contribution of 

the stimuli and the labels to the overall weight of the salient dimension. If the conceptual 

distance between brightness-darkness presented in a light fixture would be higher on the 

activity dimension compared to the conceptual distance between the labels bright-dark on the 

valence dimension, the activity dimension would become salient, and therefore brightness 

and aggression, and darkness and calmness, would become associated. However, if the 

conceptual distance between brightness-darkness presented in a light fixture on the activity 

dimension would be smaller than the conceptual distance on the valence dimension between 

the labels bright-dark, the valence dimension would become salient, and therefore an 

association between brightness and calmness, and darkness and aggression would emerge. 

Method 

Participants  

Forty participants who did not participate in other experiments reported here, all 

students at Eindhoven University of Technology, volunteered to participate in the light 

fixture IAT for partial course credits.  

Materials  

Participants were asked to categorize calm and aggressive words, and a light fixture 

that was either on or off into the categories aggressive, calm, brighter, darker. The aggressive 

and calm words were identical to Experiment 2.1A. The stimuli consisted of a bright Philips 

Hue LED (835 cd/m²) and a dark Philips Hue LED (off). The light was placed on the table, in 

front of the screen (see Figure 2.4 for a photograph of the setup). The Philips Hue was 

controlled via a system that relied on Wi-Fi, which caused a delay between sending and 
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receiving data to the lights and program. This delay was about 400 milliseconds. Therefore, 

we included a similar delay in the word trials. The stimulus presentations in the light fixture 

task thus differed from the screen brightness version, but not in any way that it would 

confound our hypothesis, based on relative differences within both tasks. The design and 

procedure were identical to Experiment 2.2A. 

 

Figure 2.4. Photograph of the setup of the bright-dark, aggressive-calm IAT with brightness 

and darkness presented in a light fixture (Experiment 2.2B). 

Results 

Erroneous responses (6%) and extremely fast and slow responses (5%) were excluded 

from analysis. We calculated the mean response times in milliseconds for each participant for 

the two critical blocks. The response latencies were shorter when the categories aggressive 

and darker (and calm and brighter) shared the same keys (M = 806 ms, SD = 204 ms) 

compared to when the categories aggressive and brighter (and calm and darker) shared the 

same keys, (M = 898 ms, SD = 265 ms), 95% CI [26.87, 158.05], JZS BF10 = 5.59, t(39) = 

2.85, p = .007, Hedges' g = .38, 95% CI [0.11, 0.67]. These results show that a cross-modal 

association emerged between brightness and calmness, and darkness and aggression when 

brightness was presented in a light fixture. To investigate whether this observed IAT effect is 

significantly smaller than the effect observed in the screen brightness IAT (i.e., Experiment 
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2.2A), we conducted a repeated measures ANOVA with presentation of brightness stimuli 

(i.e., screen brightness vs brightness in a light fixture) included as confounding variable. The 

results showed a significant interaction between presentation of brightness stimuli and 

congruency, F(1, 81) = 5.4, p = .023, ηp 
2 = .06. These results suggest that the observed IAT 

effect in Experiment 2.2B is significantly smaller than the observed IAT effect in Experiment 

2.2A. 

Discussion 

The results of Experiment 2.2 indicate that in this specific task, regardless of whether 

the stimuli were presented on the screen or in a light fixture, brightness was associated with 

calmness, and darkness with aggression. The significant reduction in the effect size between 

Experiment 2.2A and 2.2B suggests that there is indeed a difference in strength of cross-

modal association as a function of the way brightness differences are presented. However, the 

relative weights of the opposition on the activity dimension of the stimuli presented as light 

fixture seems to not have been strong enough to determine the final cross-modal association 

that emerged. These results suggest that the labels bright-dark formed an opposition on the 

valence dimension that was stronger, instead of weaker, than the opposition of the brightness-

darkness light fixture stimuli on the activity dimension. To empirically examine this post-hoc 

explanation, we performed Experiment 2.3. We set out to test the idea that the use of labels 

more strongly related to the activity dimension would lead to an association between 

brightness and aggression in the IAT when the stimuli are presented in a light fixture. 

Experiment 2.3 

In Experiment 2.3, we aimed to manipulate the task context such that the bipolar 

oppositions in the experimental task would activate the activity dimension to a greater extent 

than in Experiment 2.2. We conducted two IATs, which were identical to the IATs in 

Experiment 2.2 except for the labels. Instead of brighter-darker, we used ‘more intense’ 
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(‘feller’ in Dutch) - dimmer (also ‘dimmer’ in Dutch). Our pilot Study 24 revealed that these 

labels are strongly associated with the activity dimension, while the labels brighter-darker are 

more strongly associated with the valence dimension. Using these labels should therefore 

increase the salience of the activity dimension to a greater extent than the brighter-darker 

labels used in Experiment 2.2. 

Experiment 2.3A 

In Experiment 2.3A, we tested the associations between brightness presented on a 

screen (i.e., black-white figures) and aggression and calmness related concepts in an activity 

context. Based pilot Study 1 (see Appendix A) and previous studies (e.g., Marks, 1978; P. 

Walker & L. Walker, 2012), we expected that screen based brightness differences (i.e., black 

and white stimuli) would have the highest conceptual distance on the valence dimension. 

Based on pilot Study 2 (see Appendix B), we expected that the target labels intense-dim 

would have the highest conceptual distance on the activity dimension. Aggression-calmness 

(as presented in stimulus words and attribute labels) would have equal dimension distances 

on the activity and valence dimension (Russell & Mehrabian, 1977). Hence, in this IAT, the 

received weight for the activity and valence dimension would be approximately equal. 

However, the results of pilot Study 1 and Experiment 2.2 suggest that for black and white 

figures, the distance on the valence dimension is high, whereas black and white figures do not 

                                                 
4 Bright (‘helder’ in Dutch) was judged as more positive (M = 7.18, SD = 1.05) than 

dark (‘donker’ in Dutch, M = 3.95, SD = 1.56), t(38) = 9.57, p <.001, Hedges’ g = 2.39, 95% 
CI [1.69, 3.17]. However, dark was judged as more aggressive (M= 5.71, SD= 1.54) than 
bright (M = 2.71, SD = 1.18), t(34) = 8.69, p < .001, Hedges’ g = -2.14, 95% CI [-2.89, -
1.46). Bright was not significantly judged as more active (M = 4.02, SD = 1.75) than dark (M 
= 3.97, SD = 1.94), t(39) = -0.31, p = .896, Hedges’ g = .03, 95% CI [-.39, .44). 

The concept intense (‘fel’ in Dutch) was judged as more active (M = 7.54, SD = 1.27) 
compared to dimming (‘dimmen’ in Dutch, M = 4.82, SD = 1.71), t(38) = 7.44, p < .001, 
Hedges’ g = 1.8, 95% CI [1.17, 2.41]. In addition, intense was judged as more aggressive (M 
= 6.91, SD = 1.44) than dimming (M = 3.97, SD= 1.22), t(34) = 9.59, p < .001, Hedges’ g = 
2.15, 95% CI [1.5, 2.88]. Intense was not significantly judged as more negative (M = 4.3, SD 
= 1.82) than dimming (M = 4.95, SD = 1.43), t(38) = -1.66, p = .105, Hedges’ g = -.38, 95% 
CI [-.86, .08]. See Appendix B for the full description and results of pilot Study 2. 
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differ in terms of activity. Therefore, we expected that the valence dimension would receive 

slightly more weight than the activity dimension, and would become most salient. Brightness 

and calmness should consequently form the plus pole on the valence dimension, whereas 

darkness and aggression should form the minus pole. This should lead brightness and 

calmness, and darkness and aggression, to become associated. This association could be less 

pronounced (i.e., a smaller effect size) compared to Experiment 2.2A. 

Method 

Participants 

Forty-one participants, all students of Eindhoven University of Technology, 

voluntarily participated to the IAT for partial course credits or a monetary compensation of 3 

euros. We collected the data in two periods. In the first period 22 participants completed the 

IAT for partial course credits. 

Design and Procedure  

During the first data collection, the labels of the test were Intense, Dim, Aggressive, 

and Calm. During the second data collection, the labels of the test were ‘more intense’ 

(‘feller’ in Dutch) and dimmer (‘dimmer’ in Dutch). In all other aspects, the design and 

procedure were identical to Experiment 2.2A. 

Results  

Erroneous responses (7%) and extremely fast and slow responses (6%) were excluded 

from analysis. We calculated the mean response times in milliseconds for each participant for 

the two critical blocks. As in Experiment 2.2A, participants responded faster when the 

categories aggressive and dimmer (and calm and intense) shared the same response keys (M = 

651 ms, SD = 183 ms), compared to when aggressive and intense (and dimmer and calm) 

shared the same keys (M= 734 ms, SD= 141 ms), 95% CI [21.6, 145.41], JZS BF10 = 4.24, 

t(40) = 2.73, p = .009, Hedges' g = 0.5, 95% CI [0.12, 0.89]. These results support the idea 
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that a cross-modal association emerged between brightness and calmness, and darkness and 

aggression when brightness was presented on the screen (i.e., black and white figures). To 

investigate whether this observed IAT effect is significantly smaller than the effect observed 

in the screen brightness IAT in an valence dimension context (i.e., Experiment 2.2A), we 

conducted a repeated measures ANOVA with IAT context (i.e., valence dimension vs activity 

related labels) as confounding variable. The results showed a significant interaction between 

presentation of brightness stimuli and congruency, F(1, 82) = 6.98, p = .01, ηp 
2 = .08. As 

predicted, these results suggest that the observed IAT effect in Experiment 2.3A is 

significantly smaller than the observed IAT effect in Experiment 2.2A. 

Experiment 2.3B 

In Experiment 2.3B, we tested the associations between brightness presented in a light 

fixture (i.e., bright vs dark) and aggression and calmness related concepts in an activity 

context. Based on our pilot Study 1 (see Appendix A) and previous experiments (e.g., Marks, 

1978; P. Walker & L. Walker, 2012), we predicted that when brightness is presented in a 

light fixture, the conceptual distance between bright-dark (as presented in as a light fixture 

that is either on or off) would be higher on the activity dimension as compared to the valence 

dimension. The target labels intense-dim would have the highest distance on the activity 

dimension (based on pilot Study 2). Because the concept-pair aggression-calmness (as 

presented in word stimuli and attribute labels) would have equal conceptual distances on the 

valence dimension as well as the activity dimension (Russell & Mehrabian, 1977), we 

expected that in the task, the activity dimension will receive the most weight, and thus would 

become most salient. Brightness and aggression were expected to form the plus pole on the 

activity dimension whereas darkness and calmness were expected to form the minus pole. 

Based on these polarity attributions, brightness and aggression, and darkness and calmness 

were expected to become associated.  
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Method 

Participants 

Forty-three (new) participants, all students of Eindhoven University of Technology, 

voluntarily participated to the light fixture IAT for partial course credits or a monetary 

compensation of 3 euros. We collected the data in two times. The first time, 20 participants 

conducted the IAT for partial course credits.  

Design and Procedure  

The labels of the test were ‘more intense’, dimmer, aggressive, and calm. In all other 

respects, the design and procedure were identical to Experiment 2.2B. 

Results  

Erroneous responses (6%) and extremely fast and slow responses (3%) were excluded 

from analysis. We calculated the mean response times in milliseconds for each participant for 

the two critical blocks. As expected, participants responded faster when the categories 

aggressive and ‘feller’ (and calm and dimmer) shared the same response keys (M = 923 ms, 

SD= 164 ms) compared to when aggressive and dimmer (and calm and intense) shared the 

same response keys (M = 1033 ms, SD = 213 ms), 95% CI [61.38, 159.26], JZS BF10 = 

492.38, t(42) = 4.55, p < .001, Hedges' g = .57, 95% CI [0.3, 0.86]. There is a clear main 

effect for response times between the light fixture and the screen brightness IAT, which can 

be explained by the WiFi delay of the LED. Compared to Experiment 2.2B, these data 

suggest that using labels strongly associated with the activity dimension were sufficient to 

reverse the cross-modal mapping in the IAT with a light fixture5. See Figure 2.5 for a graph 

with the mean response times on the two critical blocks for Experiments 2.2 and 2.3. 

                                                 
5 Because the simple effect of Experiment 2.3B is statistically significant in the 

opposite direction than the effects of Experiment 2.2B, any interaction comparing the results 
across experiments is also statistically significant. 
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Figure 2.5. Mean reaction times in milliseconds of Experiments 2.2 and 2.3 for the 

critical blocks of the screen brightness IATs (left) and the light fixture IATs (right) in an 

valence dimension (above) and activity context (below). Error bars represent standard errors 

of the mean.  

Discussion 

Whereas in Experiment 2.2B brightness presented in a light fixture was associated 

with calmness, in Experiment 2.3B, the same stimulus was associated with aggression. These 

results suggest that while in Experiment 2.2B the valence dimension was salient, in 

Experiment 2.3B the activity dimension was salient when light was presented in a fixture. 
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The associations between brightness-darkness and aggression-calmness when brightness 

differences were presented on a screen were similar across Experiment 2.2A and 2.3A. 

Brightness was associated with calmness, and darkness was associated with aggression, 

although as predicted, the strength of this association in Experiment 2.3A was smaller than 

the strength of the association found in Experiment 2.2A. Together with Experiment 2.2, the 

results of Experiment 2.3 provide further support for the dimension-specificity hypothesis. 

The results suggest that category labels shape the task-specific context in such a way that 

they determine which underlying dimension of meaning becomes salient, and which cross-

modal association emerges. See Table 2.1 for a visual summary of the design and results of 

Experiment 2.1 to 2.3. 
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General discussion 

Context plays a crucial role when constructing the meaning of concepts (e.g., Elliot & 

Maier, 2012; Gawronski et al., 2014; Mesquita et al., 2010; Schwarz, 2007). The 

development of theories to explain and predict context effects has proven to be one of the 

great challenges in psychology. To understand when and how the affective meaning of a 

concept is activated in specific contexts, we proposed the dimension-specificity hypothesis, 

based on the affective theory of meaning (Osgood et al., 1957) and the polarity 

correspondence principle (Proctor & Cho, 2006). The dimension-specificity hypothesis 

postulates that associations between concrete and abstract affective concept might emerge 

based on the conceptual distances between opposing concepts of a concept pair on the 

dimensions of meaning (i.e., valence, activity, & potency dimensions), leading to one salient 

dimension, on which concepts in turn are structured according to the attribution of plus and 

minus poles. Based on the idea of polarity correspondence, we expected that the concepts that 

both form the plus pole on the salient dimension would become related, just as the concepts 

that both form the minus poles.  

In three series of experiments, we tested the dimension-specificity hypothesis by 

predicting the associations between aggression-related concepts and colors, saturation, and 

brightness. We manipulated the context by adjusting the opposition in the stimulus set 

(Experiments 2.1), the presentation of the stimuli (i.e., screen brightness or brightness 

presented with a light fixture, Experiment 2.2), and the labels in the task (Experiment 2.3). 

Providing further support for the influence of the opposing stimuli on the emergence of cross-

modal associations, Experiment 2.1 revealed that associations between brightness, saturation, 

and aggression could be predicted using dimension-specific polarity attributions. Experiments 

2.2 and 2.3 revealed that the presentation of the stimulus in combination with the category 

labels shaped the task-specific context in such a way that different dimensions became 
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salient, which moderated the association between brightness and aggression. Together, these 

results support the dimension-specificity hypothesis.  

Predicting context-dependent associations 

Our results suggest that bipolar opposition as determined in a task (e.g., an IAT) is of 

crucial importance to predict associations between concrete and abstract affective concepts. 

In addition, our results are conceptually in line with theoretical frameworks that stress the 

importance of opposition and alignment along dimensions (Becker, 1980; Lakens, 2012; 

Lakens et al., 2012; Paradis & Willners, 2011; Scherer & Lambert, 2009; P. Walker, 2016; L. 

Walker & P. Walker, 2016; Willners & Paradis, 2010). Which dimension of meaning became 

salient in a task, depended largely on the opposition in the concept pairs of the stimuli 

presented during the task. For example, brighter as compared to darker colors activated the 

valence dimension, whereas saturated as compared to unsaturated colors activated the activity 

dimension (Experiment 2.1). Our results suggest that when the distance between two 

concepts of a pair on a dimension was high (i.e., the concept pair forms a strong opposite), 

the weight given to that dimension was high, which in turn increased the likelihood that the 

dimension would become salient in the task. Although it has proven difficult to predict the 

values of the distances between the concepts brightness-darkness (see for example 

Experiment 2.2), these assumptions can be empirically examined, and corrected (Experiment 

2.3).  

An important question for future research is how the distances between concept pairs 

can be accurately determined a priori, especially when there is no relevant literature to build 

on. This question has parallels with the (cognitive linguistic) question of when people 

perceive concepts to be antonyms, and why some word pairings are better than others (e.g., 

Herrmann, Chaffin, Daniel, & Wool, 1986; Murphy & Andrew, 1993; Paradis & Willners, 

2011; Paradis, Willners, & Jones, 2009). For example, Paradis and colleagues (2009) propose 
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that the division between strong and weak opposites depends on the context, but that there are 

canonical antonyms that are more robustly rooted in memory and language, and thus are 

perceived as strong opposites. These canonical antonyms are the “conventionalized 

expressions of the opposing poles” (Paradis et al., 2009, p. 388). For example, fast versus 

slow form canonical antonyms on the dimension speed. Slow versus rapid are also antonyms 

on the activity dimension, but less strongly, and are not considered canonical antonyms. 

Canonical antonyms are likely to produce opposite responses in word association 

tasks. For example, when indicating the first association people think of, most people 

mention white when they see the word black, whereas they respond to the word green without 

one strong opposite: People mention the word grass, or contrasting colors such as red, blue, 

or yellow (Jenkins, 1970). This indicates that black versus white could form a stronger 

opposite compared to red versus green. Free association tasks might thus be one fruitful way 

to determine the strength of opposition between concepts a-priori, which would allow 

researchers to predict which cross-modal associations will emerge. 

Our results are in line with studies that show that specific cross-modal associations 

depend on opposing stimuli available in the task (e.g., Melara & Marks, 1990; L. Walker & 

P. Walker, 2016) and on the salience of dimensions (P. Walker, L. Walker, & Francis, 2015). 

However, importantly, we did not aim to suggest that all cross-modal associations can be 

predicted based on affective dimensions of meaning and the dimension-specificity 

hypothesis. For example, the valence dimension, activity, and potency dimensions did not 

seem to underlie cross-modal associations between surface brightness and size (P. Walker & 

L. Walker, 2012, p. 1236). In addition, associations between two sensory modalities which 

emerge based on neural connections present at birth, such as brightness and loudness (i.e., 

structural associations, Spence, 2011) seem to be better predicted by means of similarity on a 

universal magnitude or intensity dimension (Marks, 1978; Walsh, 2003) than on similarity on 
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the dimensions of affective meaning. Moreover, people seem to be able to evaluate and value 

some concepts based on an internal physiological or psychological scale, which does not 

necessarily depend on the context, such as ambient temperature (Hsee & Zhang, 2009). 

However, we propose that polarity correspondence on specific dimensions of meaning might 

be one way based on which context-dependent cross-modal associations between concrete 

and abstract affective concepts might emerge. Whether the dimensions of meaning also 

underlie (specific) associations between two sensory modalities remains a question for future 

research. 

Contextual Associations 

Our results support the contextual nature of cross-modal associations. Our data show 

that the many features that can be identified in a cognitive task create a specific context, such 

as the choice of polar opposites in the stimulus set, the way stimuli are presented (i.e., 

brightness presented on the screen or in a light fixture), as well as the labels used in the task. 

All these aspects influenced which underlying dimension of meaning became salient.  

Whether associations are stable and represented in memory (e.g., Fazio, 2007), or 

whether they are constructed on the spot based on contextual features (e.g., Rothermund & 

Wentura, 2004; Schwarz, 2007; Smith, 1996) remains an open question. One can ask whether 

the meaning of the concept brightness is stored as active and positive in memory, and 

depending on the context one of these meanings is activated, or whether the concept 

brightness lacks stable associations, and its meaning is constructed on the fly, dependent on 

the context. Although the current studies were not designed to address such hypotheses, this 

line of research raises the question whether it is in principle possible to have a context-free 

representation of the meaning of a concept. It seems impossible to design an experiment 

without activating some context. If there is indeed no such thing as a context-free meaning, 
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this further highlights the importance of creating models that predict how context-dependent 

meaning emerges. 

Limitations and future research questions 

To predict context-dependent cross-modal associations, we proposed that a 

(conceptual) weighting process would determine which of the activated dimensions becomes 

most salient in the task specific context. Although we believe that this mechanism can be 

quantified precisely for cross-modal associations based on future research, we refrained from 

such an exact quantification in the current chapter, as we aimed for a conceptual, but not a 

mathematical verification of the proposed mechanism. The dimension-specificity hypothesis 

makes several predictions that allow it to be falsified in future studies. First, we should expect 

cross-modal associations to be stronger when polar opposites are present in the task, rather 

than absent. Furthermore, it predicts that cross-modal associations should differ across 

contexts where different dimensions of meaning are salient. Testing and replicating these 

hypothesized effects would contribute to falsifying the idea of polarity correspondence based 

on dimensions of meaning. 

The dimensional approach to conceptual meaning we build on in the current chapter 

has received some criticism. For example, G. L. Murphy (2002) has pointed out that the 

dimensions by Osgood and colleagues were too general to actually describe the meaning of 

concepts. As G. L. Murphy (2002, p. 515) said: “Better you should know that cats meow and 

have whiskers than you should know their potency and valence dimension.” Whereas G. L. 

Murphy (2002) focuses on a categorical approach to the process of meaning giving based on 

features, Osgood and colleagues stress the importance of affect. Even though we believe both 

approaches are necessary to fully understand how people give meaning to concepts, with the 

current studies we have focused on the connotative, affective meaning of concepts. The three 

dimensions of meaning identified by Osgood and colleagues might not be sufficient to 
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differentiate between concepts based on features, or to describe the denotative meaning of 

concepts, they are extremely suitable to measure the affective meaning (Osgood, 1969). The 

affective meaning of stimuli seems to be a potential basis for cross-modal associations, and 

understanding the affective meaning of concepts is arguably a very important aspect of 

understanding human cognition.  

In our studies, we could predict cross-modal associations using only the valence 

dimension and activity dimension. Differentiating between the activity and the potency 

dimension was difficult, as the two dimensions seemed to collapse into a combined 

dimension. This would be in line with the theoretical work of Osgood and colleagues (1957), 

who suggested that the activity and potency dimension can merge into one unified 

‘dynamism factor’ when evaluating certain concepts (e.g.., ‘sociopolitical concepts’, p. 74). 

As Osgood and colleagues (1957) pointed out, the specific order and importance of the 

dimensions may change as a function of specific contexts. In addition, Osgood and 

colleagues mentioned that it is very likely that additional dimensions are important for 

different studies and purposes. Throughout their different semantic differential studies, the 

three affective dimensions of meaning (i.e., valence, activity, and potency dimensions) turned 

out to explain most of the variance, but the three dimensions did not explain all variance. 

Future studies might investigate the existence and importance of additional dimensions of 

meaning, and their relevance in specific settings. 

In the current studies, participations were mostly students from Technical University 

of Eindhoven, and therefore our results might not be representative for other populations (i.e., 

populations other than people from Western, Educated, Industrialized, and Democratic 

societies, or WEIRD, see Henrich, Heine, & Norenzayan, 2010). However, although the 

meaning people give to stimuli and concepts might be culture dependent, based on these 

meanings (which can be assessed with pilots, see for example Pilot studies 1 and 2), 
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associations between concrete and abstract affective concept-pairs can be predicted for 

people from other cultures, where we expect the dimension-specificity hypothesis will also 

play a role. Of course, whether the dimension-specificity hypothesis indeed predicts cross-

modal associations between brightness, colors, and aggression across cultures remains a 

question for further research. In this light, internet-based methods provide the opportunity to 

increase ecological validity, though the presentation of stimuli cannot be controlled precisely 

(e.g. Woods et al., 2013). 

In addition to the context manipulations used in the current set of three experiments 

(the pairs of stimuli in the task, the way stimuli were presented, and the labels used in the 

task), there are many other ways in which context can be manipulated. Many additional 

contextual cues have the potential to influence which dimension becomes salient within a 

task, such as the task instructions (e.g., Banks et al., 1975; Foroni & Mayr, 2005), attention to 

specific cues such as the background color used in a task or the affective dimension of a 

stimulus (e.g., Gawronski, Rydell, Vervliet, & de Houwer, 2010; Spruyt, De Houwer, 

Hermans, & Eelen, 2007), but also individual differences such as a person’s emotional state 

can influence the way concepts become related (e.g., Gilet & Jallais, 2011; Hanze & Meyer, 

1998). Future studies might explore additional ways in which the salience of the underlying 

dimension of meaning can be manipulated, and thus how the specific association that 

emerges between stimuli is context-dependent.  

Conclusion 

The current findings highlight that both structural similarities (i.e., polarity 

correspondence) as well as the content of the concepts (i.e., the specific dimension along 

which concepts were aligned) are of crucial importance for understanding how cross-modal 

associations emerge in specific contexts. The dimension-specificity hypothesis provides an 

important first step to predict how and when context-dependent associations will emerge. 
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Predicting specific cross-modal associations between concrete and abstract affective concepts 

seems impossible without taking the context into account.  
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Chapter 3 

Predicting context-dependent cross-modal associations between red and valence  
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context-dependent associations dimension-specific polarity attributions. Part 2: Red and 
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The main aim of Chapters 2 and 3 is to predict cross-modal associations between aggression, 

light, and color across various contexts. In Chapter 2, we introduced the dimension-

specificity hypothesis to understand and predict the context-dependency of cross-modal 

associations between concrete concepts (e.g., bright vs dark) and abstract affective concepts 

(e.g., aggression vs calm). In the present chapter, we aim to further test the dimension-

specificity hypothesis by predicting the context-dependency of the meaning of the color red 

observed in the literature. 

Building on the affective theory of meaning (Osgood, Suci, & Tannenbaum, 1957) 

and the polarity correspondence principle (Proctor & Cho, 2006), the dimension-specificity 

hypothesis predicts that cross-modal associations emerge depending on which affective 

dimension of meaning (i.e., the valence, activity, or potency dimension) is most salient in a 

specific context. The salience of dimensions of meaning depends, in part, on the relative 

conceptual distances between bipolar opposed concept pairs (e.g., good vs. bad). More 

specifically, we suggested that when a concept pair (i.e., bipolar opposed concepts) is present 

in a cognitive task, the dimension(s) on which the bipolar opposed concepts differ most will 

become salient. For example, when people process the concepts ‘good’ and ‘bad’, which are 

highly opposed on the valence dimension, but less strongly opposed on the activity dimension 

(Osgood et al., 1957), the valence dimension will become more salient than the activity 

dimension. As a consequence, the valence dimension will underlie cross-modal associations 

between concrete and abstract affective concepts that emerge in the cognitive task. People 

will attribute positive polarity to one of the polar opposites, and negative polarity to the 

opposite pole (i.e., polarity attribution, Osgood et al., 1957). Based on the polarity 

correspondence principle (Proctor & Cho, 2006) and the affective theory of meaning (i.e., 

parallel polarity, see Osgood et al., 1957), we expected that associations between concepts 
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emerge when both are attributed ‘plus’ or both are attributed ‘minus’ on the bipolar 

dimension.  

When multiple concept-pairs are present in a cognitive task (e.g., in an affective 

priming paradigm), the dimension-specificity hypothesis predicts that a weighting process 

will determine which of the activated dimensions becomes most salient in the task specific 

context. For example, when categorizing black, white, positive, and negative related stimuli 

in a cognitive task, both concept pairs (i.e., black vs white, and positive vs negative) have the 

highest conceptual distance on the valence dimension, which will therefore receive the most 

weight, and thus should become the salient dimension of meaning that underlies cross-modal 

associations in the cognitive task. Based on the salient dimension in the task, plus and minus 

polarities will be attributed to the bipolar concepts (e.g., white and positive will both be 

assigned a plus polarity on the valence dimension, whereas black and negative both will be 

assigned a minus polarity). Following the idea of polarity correspondence (Proctor & Cho, 

2006) and parallel polarity (Osgood et al., 1957), we expected that associations between 

concrete and abstract affective concepts that share plus or minus polarities will become 

activated (e.g., white and positive, black and negative). Figure 3.1 represents an illustration of 

the proposed process to predict context-dependent cross-modal associations with dimension-

specific polarity attributions.  

In Chapter 2, we tested the dimension-specificity hypothesis by predicting context-

dependent associations between aggression-related concepts and colors, saturation, and 

brightness. We manipulated the context by adjusting the opposing color stimuli (Experiment 

2.1), the presentation of the brightness stimuli (Experiment 2.2), and the labels of the task 

(Experiment 2.3). The results showed preliminary support for the emergence of dimension-

specific polarity attributions. In the present chapter, we aim to test whether the dimension-

specificity hypothesis can also explain and predict the context-dependency of associations 
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people have with one of the most studied colors in psychology, namely the color red. If the 

dimension-specificity hypothesis can explain well-known context effects in the literature 

investigating associations between red and valence, this would further strengthen the idea that 

the dimension-specificity hypothesis is a useful theory to predict cross-modal associations 

between concrete and abstract affective concepts. In addition, we aim to test a novel 

prediction of the dimension-specificity hypothesis, namely the idea that when a concept pair 

is not characterized by a meaningful opposition on the salient dimension (e.g., positive-

negative on the activity dimension), the polar opposites of that concept pair will not form a 

plus or a minus pole on that dimension, and therefore no strong association will emerge based 

on parallel polarity.  

 

Figure 3.1. An illustration of the process to predict context-dependent cross-modal 

associations with dimension-specific polarity attributions. 

Context-dependency of the color red 

Research on the influence of color on psychological functioning has become more 

popular in the last decade, in fields such as color psychology and consumer behavior (e.g., 

Elliot, 2015). The color red has been of particular interest, and studies have shown that the 

meaning of the color red is context-dependent (Elliot, 2015). For example, red has been 

proposed to elicit feelings of attractiveness (e.g., Elliot, Greitemeyer, & Pazda, 2010; Young, 

2015, but see also Lehmann & Calin-Jageman, 2017; Peperkoorn, Roberts; Pollet, 2016 for 

studies which do not support this specific effect of the color red). Red also shows a strong 
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association with danger (Pravossoudovitch, Cury, Young, & Elliot, 2014). In addition, red is 

suggested to be associated with negativity (e.g., Gil, & Le Bigot, 2015; Moller et al., 2009) 

and anger (e.g., Fetterman, Robinson, & Meier, 2012; Young, Elliot, Feltman, & Ambady, 

2013) but also with warmth and excitement (e.g., Bennett & Rey, 1972).  

Polar oppositions in the paradigms used to study color-associations seem to influence 

the associations people have with the color red. In daily life, a red-green opposition is 

commonly used to communicate the difference between a problematic, dangerous situation 

(e.g., a ‘stop’ traffic light, wrong answers on a test, a low battery level on an electronic 

device) and a situation where everything is ok and safe (e.g., a ‘go’ traffic light, correct 

answers on a test, a full battery on an electronic device). Not surprisingly, red in the context 

of green is often associated with negativity and danger (e.g., Moller et al., 2009; 

Pravossoudovitch et al., 2014). However, a red-blue opposition is more commonly used to 

express temperature differences (e.g., the hot vs cold tap in a kitchen). Therefore, red in the 

context of blue is generally associated with warmth (e.g., Bennett & Rey, 1972; Ho, van 

Doorn, Kawabe, Watanabe, & Spence, 2014).  

Current Experiment 

In the current set of studies, we aim to investigate whether associations between red 

and valence can be predicted based on the activated dimensions of meaning (i.e., the valence 

or activity dimension) through the opposing concepts in the task. We manipulated the color 

opposition (i.e., either red vs blue or red vs green stimulus figure categorizations) and the 

word pairs (i.e., positive vs negative, aggressive vs calm, and enthusiastic vs relaxed attribute 

categorizations) across a set of five implicit association tests (IAT, Greenwald, McGhee, & 

Schwartz, 1998). Based on earlier studies that have examined how polar opposites activate 

conceptual dimensions (e.g., Lakens, 2012; Lakens, Semin, & Foroni, 2012; Paradis & 

Willners, 2011), we expected that red in opposition to green would activate the valence 
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dimension based on its association with ‘dangerous’ versus ‘safe’, whereas red in opposition 

to blue would activate the activity dimension based on its association with ‘hot’ vs ‘cold’ 

(Osgood et al., 1957). We relied on these context-dependent associations to test a prediction 

from the dimension-specificity hypothesis that red as opposed to blue would be associated 

with highly active (negative) concepts such as aggression (Experiment 3.4), but also with 

highly active (positive) concepts such as enthusiasm (Experiment 3.5). 

Sample size justification and statistical analyses 

The sample sizes for Experiment 3.1 were determined a priori based on a target of .9 

power with at least medium effect sizes expected, using statistical power analysis (G*Power; 

Faul, Erdfelder, Lang, & Buchner, 2007). Experiments 3.2, 3.3, 3.4, and 3.5 were part of 

educational courses, and therefore the sample consisted of all the students participating in the 

course. Across all experiments, extreme fast and slow responses were removed by excluding 

values that were 1.5 times the interquartile range above the 3th quartile, or 1.5 times the 

interquartile range below the 2nd quartile within participants (Tukey, 1977). The outliers and 

errors are reported (in percentages) for each experiment in the results section. For each study, 

we report frequentist and Bayesian statistics, confidence intervals around Hedges’ g based on 

dav, and the Bayes Factor (JZS) with a r-scale of .707 (Rouder, Speckman, Sun, Morey, & 

Iverson, 2009). When we expected no or a weak IAT effect to emerge, we additionally report 

the results of equivalence tests (i.e., the ‘two one-sided t-tests approach’, see Lakens, Scheel, 

& Isager, in press). For completeness, we report the robust statistics using the Yuen-Welch 

method for comparing 20% trimmed means (Wilcox, 2012; Wilcox & Tian, 2011) in 

Appendix C (p. 204).  

Experiment 3.1: Red, Green, Blue, and Valence 

In Experiment 3.1, we first tested whether red as part of a red-green opposition would 

be more strongly associated with negativity than red as part of a red-blue opposition by 
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asking participants to perform two IATs. We expected that the red-green opposition (as 

presented in stimulus colors and target labels) would have the highest conceptual distance on 

the valence dimension based on the association with ‘danger’ versus ‘safe’ (Osgood et al., 

1957). Positivity and negativity are more highly opposed on the valence dimension as 

compared to the activity dimension (Osgood et al., 1957). Therefore, the positive-negative 

opposition (as presented in stimulus words and attribute labels) should also activate the 

valence dimension. Weighting the dimension distances of all the concept pairs, the valence 

dimension was expected to receive the most weight, and to become salient in this task. Based 

on the ‘danger’ versus ‘safe’ association (Pravossoudovitch et al., 2014), we expected that red 

would form the minus pole on the valence dimension, whereas green would form the plus 

pole on the valence dimension. Similarly, research has shown that positive forms the plus 

pole on the valence dimension, whereas negative forms the minus pole on the valence 

dimension (e.g., Lakens, 2012; Osgood & Richards, 1973). Based on these polarity 

attributions, we expect associations to emerge between red and negative, and green and 

positive. 

In contrast, we expected that the red-blue opposition (as presented in stimulus colors 

and target labels) would have the highest conceptual distance on the activity dimension based 

on its association with hot versus cold. At the same time, the concept pair positive-negative 

(as presented in stimulus words and attribute labels) is highly opposed on the valence 

dimension (Osgood et al., 1957). When weighting the dimension distances of all the concept 

pairs, the valence and activity dimensions were expected to receive approximately equal 

weights. Therefore, there would be an equal chance that one of the two dimensions would 

become salient. Since red and blue are not expected to form an opposition on the valence 

dimension, and positive and negative are not expected to form an opposition in terms of 
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activity, we expected no polarity attribution to occur, and therefore no, or at best a very weak, 

association to emerge between red and negative and blue and positive. 

Method 

Participants 

Forty-two participants (16 females, M age = 21.07 years), all students of Eindhoven 

University of Technology, volunteered to participate and received a monetary compensation 

of 5 euros. 

Materials 

The stimuli consisted of words and figures. Words were either positive (i.e., smile, 

fun, happy, friendly) or negative (i.e., tragic, poison, angry, destroy). Colors were chosen in 

Adobe Photoshop C6 (in standard RGB color space), and consisted of a circle, triangle, 

square and a rectangle in red (RGB: 237, 28, 36; xyY: .62, .33, 20.05), green (RGB: 0, 139, 

0; xyY: .28, .59, 15.47), and blue (RGB: 19, 82, 255; xyY: .15, .10, 12.36).  

Design  

All participants performed two IATs, one with red and green figures, and one with red 

and blue figures, with IAT’s counterbalanced between participants. Each IAT consisted of 

practice blocks and two critical experimental blocks, where the color-valence pairings of the 

response keys were manipulated. In one block, red figures and negative words shared a 

response key (and green/blue figures and positive words shared the other response key), 

whereas in the other block red figures and positive words shared a response key (and 

green/blue figures and negative words shared the other response key). The order of the 

experimental blocks, as well as the response key assignment (whether red figures were 

assigned to the left or right response key) was counterbalanced between participants.  
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Procedure  

Participants completed the two implicit association tasks in isolation in individual 

cubicles in front of computers. They were instructed to perform a categorization task where 

they would have to categorize words and figures. Following the typical procedure in the IAT, 

participants first received two practice blocks, one with the figures and the red-blue (or red-

green) categorization task, and one with the word stimuli and the positive-negative 

categorization task. The practice blocks consisted each of 24 trials, in which every stimulus 

was presented 3 times. In a third block, words and colored figures had to be categorized 

simultaneously. During this block, each stimulus was presented 3 times, yielding a total of 48 

trials. In a fourth block, participants received a practice block to learn the inverted response 

assignments for the word stimuli. In the last block, a combined classification task of 48 trials 

was presented, in which responding was inverted for one category compared to block three. 

After finishing the first IAT, the second IAT started, which followed the same procedure. 

After the second IAT, participants filled in a short demographic questionnaire.  

The presentation of the stimuli and registration of the responses were controlled by E-

prime software. All word stimuli were presented in black uppercase letters in the middle of a 

grey (RGB: 128, 128, 128) computer screen. Category labels (good, bad, red, blue; red, 

green) were shown at the top right and top left corners of the display, referring to the 

assignment of the categories to responses. Two keys on a QWERTY keyboard were used as 

response keys (A: left, L: right). In each trial, the stimulus remained on the screen until a 

response was registered. When participants entered an incorrect response, the stimulus 

remained on the screen, and an error message was displayed in black beneath the stimulus 

(“ERROR”). The intertrial interval was 500 milliseconds.  
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Results and Discussion 

Erroneous responses (5%) and extremely fast or slow responses (6%) were excluded 

from the analysis. We calculated the mean response times in milliseconds for each participant 

for the two critical blocks for the two IATs.  

As expected, response times in the block where red figures and negative words were 

assigned to one response key and green figures and positive words were assigned to the other 

response key were faster (M = 528 ms, SD = 57 ms), compared to when one key had to be 

pressed for red figures and positive words, and the other key was assigned to green figures 

and negative words (M = 627 ms, SD = 116 ms), 95% CI [63.44, 135.2], JZS BF10 = 

10647.01, t(41) = 5.59, p < .001, Hedges' g = 1.07, 95% CI [0.63, 1.53]. Unexpectedly, 

participants responded faster when red figures and negative words, and blue figures and 

positive words shared the same key (M = 566 ms, SD = 83 ms), compared to when red figures 

and positive words, and blue figures and negative words shared the same key (M = 615 ms, 

SD = 107 ms), 95% CI [9.28, 89.70], JZS BF10 = 2.54, t(41) = 2.49, p = .017, Hedges' g = 

0.51, 95% CI [0.0, 0.94].  

To investigate whether the order of the two IATs influenced this effect, we conducted 

a repeated measure ANOVA with order of the IAT as confounding variable. The results 

showed no significant interaction effect between order of the IAT and congruency, F(1, 39) = 

0.345, p = .56, ηp 
2 = .009. However, the study was not well-powered to observe such an 

interaction, so we continued to explore whether the order in which the IATs were performed 

might have affected reaction times of the red-blue IAT, which motivated a replication study 

discussed below. Results showed that the participants who conducted the red-blue IAT 

secondly, responded faster when red figures and negative words, and blue figures and 

positive words shared the same key (M = 538 ms , SD = 55 ms), compared to when red 

figures and positive words, and blue figures and negative words shared the same key (M = 
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598 ms, SD = 96 ms), 95% CI [15.21, 103.18], t(19) = 2.82, p = .011, Hedges’ g = 0.73, 95% 

CI [0.17, 1.33]. However, when participants first conducted the red-blue, positive-negative 

IAT, they did not respond significantly faster when red figures and negative words, and blue 

figures and positive words shared the same key (M = 592 ms, SD = 98 ms) as compared to 

when red figures and positive words, and blue figures and negative words shared the same 

key (M = 627 ms, SD = 118 ms), 95% CI [-36.58, 107.01], t(20) = 1.02, p = .318, Hedges’ g 

= 0.31, 95% CI [-.31, .95], suggesting that the order of the IATs might have influenced the 

congruency effect between red and negative as compared to red and positive. The order of the 

IATs did not influence the congruency effect between red and negative as compared to green 

and positive. 

Therefore, we expected that the fact that participants sequentially performed the two 

implicit association tests with red presented in a different color opposition might have 

influenced their responses in the two IATs. Although the effect of block order on the salience 

of affective dimensions might be in itself an example of context effects in cross-modal 

associations, examining it falls outside of the scope of the current set of studies. To prevent 

possible context effects by performing more than one IAT in sequence, and to examine 

whether the prediction of no, or at best a weak, IAT effect from the dimension-specificity 

hypothesis would hold when participants performed only one IAT, we replicated only the 

red-blue, positive-negative IAT of Experiment 3.1. Because red-blue is not expected to form 

an opposition on the valence dimension, and positive-negative does not form a strong 

opposition in terms of activity, we expected no, or at best a weak association to emerge when 

only one IAT was performed. 
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Experiment 3.2: red-blue versus positive-negative 

Method 

Participants 

Thirty- five participants (22 females, M age = 19.79 years) who did not participate in 

other experiments reported here, all students at Eindhoven University of Technology, 

volunteered to participate for partial course credit.  

Design and Procedure  

The stimuli consisted of words and figures. The positive and negative words were identical to 

Experiment 3.1. The figures consisted of red (RGB: 255, 0, 0; xyY; .64, .33, 23.74) and blue 

(RGB: 0, 0, 255; xyY: .14, .07, 7.84)1 squares. Participants completed the test at home. The 

design and procedure of the IAT were similar to the procedure of Experiment 3.1, except for 

the software with which the presentation of the stimuli and registration of the responses were 

controlled by (i.e., Inquisit), and the number of trials (i.e., 60 trials in each critical block, and 

20 trials in the practice blocks). In addition, the intertrial interval was 250 milliseconds.  

Results and Discussion 

Five participants were excluded from the analysis because their mean response times 

were faster than 50 milliseconds, either due to technical issues or intentionally pressing 

response keys as quickly as possible. Erroneous responses (7 %) and extremely fast and slow 

responses (6%) were excluded from analysis. We calculated the mean response times in 

milliseconds for each participant for the two critical blocks. As expected, negative words and 

red figures (M = 632 ms, SD = 162 ms) were not categorized significantly faster when 

pressing the same key compared to positive words and red figures, (M = 643 ms, SD = 166 

ms), 95% CI [-63.17, 42.39], JZS BF01 = 4.76, t(29) = 0.4, p = .69, Hedges' g = 0.06, 95% 

                                                 
1 Please note that Experiments 3.2, 3.4, and 3.5 were conducted at participants’ home, 

thus the xyY values are an approximation based on colors presented on a standard RGB 
monitor. 
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CI[-0.37, 0.25]. These results suggest that these data provide stronger evidence for a null 

effect than for a relatively large IAT effect (such as observed in the red-green, positive-

negative IAT). To test whether the observed IAT effect was smaller than the smallest effect 

size of interest (SESOI; Lakens et al., in press), we conducted an equivalence test. We used a 

SESOI of Cohen’s d of 0.45, based on the smallest IAT effect found in the first set of studies 

of Chapter 2 (i.e., Experiment 3.2B). The results indicated that the observed effect size (d = 

0.07) was significantly within the equivalent bounds of d = -0.45 and d = 0.45, t (29) = 2.06, 

p = 0.024. These results suggest that we can reject an effect larger than d = 0.45, or smaller 

than -0.45. To investigate whether this observed IAT effect is significantly smaller than the 

effect observed in the red-green, positive-negative IAT of Experiment 3.1, we conducted a 

repeated measures ANOVA with color opposition (i.e., red-green vs. red-blue) as 

confounding variable. The results showed a significant interaction between color opposition 

and congruency effects, F(1, 70) = 8.63, p = .004, ηp 
2 = 0.11. The results suggest that the 

observed IAT effect in Experiment 3.2 is significantly smaller than the observed IAT effect 

in the red-green, positive-negative IAT of Experiment 3.1.  

To confirm that red as opposed to blue forms no, or at best a weak association with 

valence as compared to red as opposed to green, we conducted a second replication of the 

red-blue, positive-negative IAT. Whereas the lightness and shape of the stimuli of 

Experiment 3.2 were slightly different from the stimuli used in the red-blue, positive-negative 

IAT of Experiment 3.1, Experiment 3.3 was identical to 3.1.  

Experiment 3.3: red-blue versus positive-negative 

Method 

Participants 

Forty-one participants who did not participate in other experiments reported here, all 

students at Eindhoven University of Technology, volunteered to participate for partial course 
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credit. Due to the setup of the course, twenty-five students participated in February, and 16 

students participated in March. The design and the procedure were identical to Experiment 

3.1, with the exception that participants only completed the red-blue, positive-negative IAT 

in Experiment 3.3. 

Results and Discussion 

Erroneous responses (7%) and extremely fast or slow responses (7%) were excluded 

from the analysis. We calculated the mean response times in milliseconds for each participant 

for the two critical blocks for the two IATs. We calculated the mean response times for each 

participant for the two critical blocks. As expected, negative words and red figures (M = 584 

ms, SD = 132 ms) were not categorized significantly faster when pressing the same key 

compared to positive words and red figures, (M = 592 ms, SD = 106 ms), 95% CI [-32.92, 

48.58], JZS BF01 = 5.52, t(40) = 0.39, p = .70, Hedges' g = 0.06, 95% CI [-0.27, 0.4]. These 

results suggest that these data are stronger evidence for a null effect than for a relatively large 

IAT effect. To test whether the observed IAT effect was smaller than the smallest effect size 

of interest, we conducted an equivalence test. As in Experiment 3.2, we used a SESOI of 

Cohen’s d of 0.45. The results indicated that the observed effect size (d = 0.06) was 

significantly within the equivalent bounds of d = -0.45 and d = 0.45, t (40) = 2.49, p = 0.008. 

To investigate whether this observed IAT effect is significantly smaller than the effect 

observed in the red-green, positive-negative IAT of Experiment 3.1, we conducted a repeated 

measures ANOVA with color opposition (i.e., red-green vs. red-blue) as confounding 

variable. The results showed a significant interaction between color opposition and 

congruency, F(1, 81) = 11.63 , p = .001, ηp 
2 = 0.13. The results suggest that the observed IAT 

effect in Experiment 3.3 is significantly smaller than the observed IAT effect in the red-

green, positive-negative IAT of Experiment 3.1. See Figure 3.2 for the mean reaction times 

for the critical blocks of the IATs of Experiments 3.1 to 3.3. 
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Together, the results of Experiments 3.2 and 3.3 suggest that the IAT effect was 

substantially smaller than a medium effect size and the relatively large effect observed in the 

red-green, positive-negative IAT conducted in Experiment 3.1. In addition, whereas red as 

compared to blue was associated with valence when participants first learned the red-

negativity association in the red-green IAT (Experiment 3.1), no statistically detectable 

association emerged when participants completed only the red-blue IAT (Experiment 3.2 and 

3.3). These data are in line with the dimension-specificity hypothesis.  

 

Figure 3.2. Mean reaction times in milliseconds for the critical blocks of Experiments 3.1, 

3.2, and 3.3. Error bars represent standard errors of the mean.  

Experiment 3.4: red-blue versus aggressive-calm 

Based on Experiments 3.1 – 3.3, we expected that red as opposed to blue would be 

associated with highly active concepts, regardless of whether these were negative such as 

aggression, or positive such as enthusiasm. In Experiment 3.4, we first tested the associations 

between red and blue colored figures, and aggression and calmness related concepts. As in 

Experiments 3.2 and 3.3, we expected that the concept pair red-blue (presented in stimulus 

colors and target labels) would have the highest conceptual distance on the activity 

dimension, and thus activate the activity dimension. Aggression as opposed to calmness (as 
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presented in stimulus words and attribute labels) was expected to activate both the valence 

and activity dimension, as aggression-calmness is conceptually distant on the activity as well 

as the valence dimension (Russell & Mehrabian, 1977; pilot Study 2, see Appendix B). 

Therefore, after weighting all dimensions, we expected that the activity dimension would 

receive most weight and would become salient, and determine the cross-modal associations 

in this task. Aggression and red were expected to form the plus pole on the activity 

dimension, whereas calmness and blue would form the minus pole. Following the principle of 

polarity correspondence, aggression and red, and calmness and blue should become 

associated.  

Method 

Participants  

Thirty-three participants (16 females, M age = 19.67 years) who did not participate in 

other experiments reported here, all students at Eindhoven University of Technology, 

volunteered to participate for partial course credits. 

Design and Procedure 

The stimuli consisted of words and figures. Words were either aggressive (i.e., 

furious, murder, enraged, destroy) or calm (i.e., zen, calm, relaxed, peaceful). The figures 

consisted of blue and red squares, identical to Experiment 3.2. Explicit aggression ratings for 

all words were collected in pilot Study 2 (see Appendix B). All stimuli were presented in 

random order on a computer screen, and participants were asked to indicate how 

aggressive/calm, active/passive, and positive/negative words were on a 9-point scale (1 = 

calm, 9 = aggressive; 1 = passive, 9 =active; 1 = negative, 9 = positive). A manipulation 

check confirmed that aggression related words were clearly judged as more aggressive (M = 

7.71, SD = 1.12) than the calm related words (M = 1.89, SD = 1.05), t(34) = 17.44, p < .001, 

Hedges’ g = 5.51. In addition, aggressive words (M = 7.69, SD = .96) were evaluated as more 
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active compared to calm words (M = 2.75, SD = 1.07), t(38) = -20.49, p < .001, Hedges’ g = 

4.84. Lastly, aggressive words (M = 7.26, SD = 1.13) were evaluated more as more negative 

compared to calm words (M = 2.06, SD = 1.18), t(38) = 14.82, p < .001, Hedges’ g = 4.45. 

The design and procedure were identical to Experiment 3.2. Participants completed the test at 

home. 

Results  

Erroneous responses (6%) and extremely fast and slow responses (6%) were excluded 

from the analysis. We calculated the mean response times in milliseconds for each participant 

for the two critical blocks. In line with our predictions, participants categorized aggressive 

words and red figures faster (M = 560 ms, SD = 50 ms) when red figures and aggressive 

words (and blue figures and calm words) were assigned to the same response key compared 

to when red figures and calm words (and blue figures and aggressive words) were assigned to 

the same response key (M = 659 ms, SD = 149 ms), 95% CI [49.65, 146.7], JZS BF10 = 

111.61, t(32) = 4.12, p < .001, Hedges' g = 0.86. Thus, when people had to press the same 

key for red figures and aggressive words, and blue figures and calm words, they responded 

more quickly than when people pressed the same key for red figures and calm words, and 

blue figures and aggressive words.  

Experiment 3.4 shows that red as compared to blue is associated with a highly active 

negative concept based on a salient activity dimension. To provide a final test of the 

dimension-specificity hypothesis, we conducted Experiment 3.5 to investigate whether red as 

compared to blue would be associated with a highly active positive concept (enthusiasm) as 

compared to a less active positive concept (relaxation). 

Experiment 3.5: red-blue versus enthusiastic-relaxed 

In Experiment 3.5, we tested the associations between red and blue, and enthusiasm 

and relaxation related concepts. Enthusiasm and relaxation (presented in stimulus words and 
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the attribute labels) were expected to activate the activity dimension, as they were likely to 

have the highest conceptual distance on the activity dimension as compared to the valence 

dimension (Russell & Mehrabian, 1977). As in previous IATs, we expected that the concept 

pair red-blue (presented in stimulus colors and target labels) would have the highest 

conceptual distance on the activity dimension. Therefore, the activity dimension would 

receive the highest weight, and thus would become salient. Enthusiastic and red would form 

the plus pole on the activity dimension, whereas relaxed and blue would form the minus pole. 

Hence, enthusiastic and red, and relaxed and blue should become associated. Note that where 

red was expected to be associated with negativity in the context of Experiment 3.1, it was 

expected to be associated with positive words (enthusiastic) in Experiment 3.5. 

Method 

Participants  

Thirty-eight participants who did not participate in other experiments reported here, 

all students at Eindhoven University of Technology, volunteered to participate for partial 

course credits. 

Materials  

The stimuli consisted of words and figures. Words were either enthusiastic (i.e., 

eager, lively, excited, thrilled) or relaxed (i.e., calm, peaceful, restful, quiet). The figures 

existed of blue and red squares, identical to Experiment 3.2. Explicit evaluations for the 

words were collected post hoc. All stimuli were presented in random order on a computer 

screen, and evaluative ratings in terms of valence and activity were given on a 9-point scale 

(1 = negative, 9 = positive; 1 = passive, 9 = active). The mean valence ratings for relaxed (M 

= 7.09, SD = 1.44) and enthusiastic (M = 7.26, SD = 1.06) words did not statistically differ 

from each other in terms of valence, t(34) = 0.57, p = .573, Hedges’ g = 0.13. The mean 

activity ratings for enthusiastic words (M = 7.74, SD = .91) were significantly higher than the 
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mean activity ratings for relaxed words (M = 3.15, SD = 1.67), t(34) = 11.70, p < .001, 

Hedges’ g = 3.53. The design and procedure were identical to Experiment 3.2. Participants 

completed the test at home. 

Results  

Erroneous responses (6%) and extremely fast and slow responses (6%) were excluded 

from the analysis. We calculated the mean response times in milliseconds for each participant 

for the two critical blocks. As expected, enthusiastic words and red figures, and relaxed 

words and blue figures were categorized faster when pressing the same key (M = 656 ms, SD 

= 109 ms), compared to when the same key had to be pressed for enthusiastic words and blue 

figures, and relaxed words and red figures (M = 754 ms, SD = 169 ms), 95% CI [47.27, 

149.7], JZS BF10 = 71.14, t(37) = 3.9, p < .001, Hedges' g = 0.68. Thus, when participants 

had to press the same key for red figures and enthusiastic words, and blue figures and relaxed 

words, they responded faster than when they pressed the same key for red figures and relaxed 

words, and blue figures and enthusiastic words. See Figure 3.3 for the mean reaction times 

for the critical blocks of the IATs of Experiments 3.4 and 3.5.  
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Figure 3.3. Mean reaction times in milliseconds for the critical blocks of the IATs of 

Experiments 3.4 (left) and 3.5 (right). Error bars represent standard errors of the mean.  

General discussion 

Research on color associations has shown clear context-dependency in color 

associations (e.g., Elliot, 2015). Our study confirms that red can be associated with negativity 

in one context, whereas in another context the same color can be associated with a highly 

active (and positive) concept. Most importantly, our data suggest that these contextual 

variations can be quite accurately predicted based on the dimension-specificity hypothesis 

(see also Chapter 2).  

Our results support the idea that polar oppositions in experimental tasks can activate 

basic underlying dimensions, two of which can be valence and activity. The salient 

dimension within each of the IATs depended on the task-specific context. Red and green 

were consistently treated as polar opposites on the valence dimension. As a consequence, 

whenever the valence dimension was salient, we observed an association between red and 

negativity, and green and positivity. On the other hand, red and blue seemed to be polar 

opposites mostly on the activity dimension, and these two concepts were less strongly 

opposed on the valence dimension. Therefore, in IATs where the activity dimension was 

salient, red (compared to blue) was associated with active negative concepts such as 

aggression (Experiment 3.4), but also with active positive concepts such as enthusiasm 

(Experiment 3.5). 

Building on the first series of experiments of Chapter 2, and in line with findings by 

Osgood and Richards (1973), our results supported the dimension-specificity hypothesis. 

Cross-modal associations between concrete and abstract affective concepts seem most likely 

to emerge when they are structurally similar on a specific dimension (i.e., the valence or 

activity dimension). These results support the notion that stronger associations emerge when 
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concepts are structured along relevant dimensions as compared to irrelevant dimensions 

(Kornblum, & Lee, 1995). 

Extending findings of Osgood and Richards (1973), with the present studies, we 

aimed to test the prediction that when a concept pair is not characterized by a meaningful 

opposition on the salient conceptual dimension, the polar opposites of that concept pair will 

not be attributed a plus and minus pole on the salient dimension. If so, no cross-modal 

association based on the parallel polarity principle should emerge. The absence of a strong 

association between red (as compared to blue) and valence supported this prediction 

(Experiments 3.1 – 3.3). Additional task-specific features might influence the attribution of 

plus and minus polarities, and therefore the strength of a cross-modal association in a 

cognitive task. For example, based on earlier research (Everaert, Spruyt, & De Houwer, 2011; 

Lakens et al., 2012), we might expect that having not two, but three colors (e.g., red, green, 

and blue) in a single task removes the presence of a clear bipolar opposition, and therefore 

the strength of cross-modal associations in such a task might be much smaller, or maybe even 

zero. Similarly, the presentation of bipolar stimuli in separate blocks in a cognitive task might 

reduce the strength of cross-modal associations (e.g., Gallacy & Spence, 2006). Future 

research could investigate how task-specific features that influence the salience of polar 

opposition in a task impact the cross-modal associations that emerge.  

To predict context-dependent cross-modal associations, we believe that a weighting 

process determines which of the activated dimensions becomes most salient in the task 

specific context. In the current chapter, we aimed for a conceptual verification of the 

proposed mechanism, but an important question is how the weighting process might be 

verified quantitatively. At the core of the weighting process lies the idea that when the 

distance between opposing concepts is high on a specific dimension, the probability that a 

dimension becomes salient within a task increases. Literature from the field of linguistics 
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suggests that concepts that are strong opposites are likely to produce opposite responses in 

word association tasks (e.g., Paradis, Willners, & Jones, 2009). For example, most people 

mention white when they see the word black, whereas they respond to the word green without 

one strong opposite (Jenkins, 1970). This suggests that black versus white could form a 

stronger opposite compared to red versus green. Free association tasks might be one way to 

determine the strength of the conceptual distance between opposing concepts, and thus might 

be a first step to a more quantitative verification of the weighting process that determines 

which dimensions become most salient in a given context. 

Color stimuli vary on multiple perceptual dimensions (e.g., lightness, chroma, and 

hue; see for example Fairchild, 2005). Color researchers have emphasized the importance of 

controlling for irrelevant dimensions when developing color manipulations (e.g., Elliot & 

Maier, 2012; 2014). In our studies, the luminance levels of our stimuli were not matched. In 

addition, we conducted Experiments 3.1 and 3.3 in a laboratory environment, but 

Experiments 3.2, 3.4, and 3.5 were conducted in participants’ homes with an internet-based 

method. Therefore, we could not be completely sure that the presentation of the stimuli on 

their personal computers was identical for every participant in those experiments. However, 

the labels of the IAT (i.e., red vs blue) increased the salience of the relevant hue dimension, 

and we do not expect our results to hold for very specific hues, but for colors that are broadly 

categorized as red, blue, and green. Therefore, we expected that the impact of these stimuli 

variations on our results is not substantial. The similar associative patterns across 

Experiments 3.2 and 3.3 seem to support this expectation.  

Our studies suggest that the valence and activity dimension might underlie cross-

modal associations between red, enthusiasm, and aggression, as measured with an IAT. 

However, alternative dimensions could also explain these associations. For example, 

Albertazzi et al. (2013) reported on a compatibility effect between specific hues and shapes. 
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In their studies, participants were presented with several shapes (e.g., cone, triangle, square), 

and were asked to choose a color from a Hue Circle, which they thought was mostly related 

to the shape. Relevant to our paper, the results showed that participants related the color red 

to a squared shape. Possibly, in our studies, polarities were attributed based on this 

compatibility effect, rather than the valence and activity dimension. These attributions could 

explain associational patterns found in Experiments 3.4 and 3.5, where red squares were 

attributed plus polarity and blue squares were attributed minus polarity. However, based on 

these attributions we would also expect an association between red squares and positivity and 

blue squares and negativity, a result which is not supported by our data (see Experiments 3.1 

– 3.3). Looking at the overall pattern across experiments, we believe that polarity attribution 

based on the valence or activity dimension explains our specific results (obtained with an 

IAT) better than a compatibility effect between hue and shape. However, future research 

could investigate the influence of shape on associations between color and emotion.  

To conclude, our results suggest that context-dependent cross-modal associations 

between red and valence can be quite accurately predicted based on the dimension-specificity 

hypothesis. As opposed to blue, red is associated with excitement and aggression (Bennett & 

Rey, 1972; Young et al., 2013), but as opposed to green, red is associated with negativity (Gil 

& Le Bigot, 2015; Moller et al., 2009). Together with the studies reported in Chapter 2, the 

current set of studies provides the first evidence that context-dependent associations between 

concrete and abstract affective concepts might be predicted by dimension-specific polarity 

attributions. 
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Chapter 4 

Exploring associations between dynamic light scenarios and abstract affective concepts 
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In previous chapters, we examined associations between static light settings, colors, and 

aggression. However, the use of dynamic lighting (i.e., relative changes of parameters of light 

such as intensity or color over time) might provide an even better tool to de-escalate 

aggressive situations compared to the use of static light. It seems plausible that dynamic light 

might be more salient than static light and will remain salient (and thus potentially influence 

thoughts, affect, and behavior) much longer than static light. Furthermore, we can imagine 

that the dynamic pattern of light could potentially provide an additional cue (in addition to its 

hue and brightness) to de-escalate potentially aggressive situations (e.g., a calmly pulsating 

pattern, mirroring a breathing pattern).  

LED technology that makes it easier to design and implement dynamic light scenarios 

is a relatively new development. LED technology provides the opportunity to not only 

investigate static properties of light such as color and intensity, but also to combine those 

static properties with dynamic properties such as rate of change. The interaction between 

parameters (e.g., color and rate of change) might activate associations between light and 

affective concepts to a strong extent. However, research examining associations between 

dynamic light and affective concepts is relatively scarce. In the present chapter, we review 

the existing literature on associations between dynamic lighting and affective concepts, and 

explore associations between dynamic light and emotions in three studies. We will first 

discuss several parameters of dynamic light that we expect to be related to abstract affective 

concepts based on the literature and Chapter 2 and 3. We focus specifically on the intensity of 

light, the color of light, and the dynamic attributes of light, which will include the rate of 

change (i.e., fast or slow), amplitude of change (i.e., large or small), and direction of change 

(i.e., an increase or decrease).  

Dynamics of light 
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In one of the few published studies related to associations with dynamic lighting, 

Sekulovski, Seuntiëns, and Hartog (2011) investigated the effect of dynamic lighting on 

atmosphere perception. In their study, participants were presented with short dynamic light 

scenarios, and were asked to indicate the present atmosphere in terms of coziness, liveliness, 

tenseness, detachment, naturalness, and attractiveness. The dynamic light scenarios varied in 

rate of change (i.e., slow vs fast), amplitude of change (small vs large), hue (i.e., green vs 

orange vs blue), type of change (static vs sinusoidal), and the scenarios changed in 

brightness, saturation, or hue. The results showed that all these parameters influenced how 

the atmosphere was perceived. For example, atmospheres created with faster scenarios were 

evaluated less cozy, less attractive, and more tense than slower atmospheres. In this line, 

atmospheres with larger amplitudes were evaluated as less cozy, less attractive, and more 

tense than atmospheres with smaller amplitudes. In general, these results suggest that people 

perceived an atmosphere created with slower light scenarios and small amplitudes of change 

to be most pleasant.  

Whereas research on associations between dynamic light and abstract affective 

concepts is scarce, in the field of music psychology, associations between music and emotion 

have often been a subject of investigation. Although not identical to dynamic light, music has 

dynamic attributes that are comparable to the dynamic patterns that can be created with 

lighting (e.g., changes in intensity, different rates of change, etc.), and therefore, these studies 

might provide useful insight into the relationship between general dynamic attributes of 

stimuli and abstract affective concepts.  

Several studies in the field of music psychology have investigated effects of dynamic 

properties of music on affective responses (e.g., Gabrielsson & Juslin, 1996; Gagnon & 

Peretz, 2003; Hevner, 1937; Juslin, 2000). For example, several studies found that a fast 

tempo (i.e., the perceived pulse rate, see Gabrielsson & Lindstrom, 2001) is associated with 
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more active emotions such as happiness (e.g., Hevner, 1937; Nielzen & Cesarec, 1981), 

anger, and fear (Juslin, 1997; Scherer & Oshinksky, 1977), whereas a slow tempo is 

associated with more passive emotions such as sadness and peace (Juslin, 1997; Balkwill & 

Thompson, 1999). Furthermore, studies suggest that an ascending melodic direction is 

associated with active emotions such as tension (Krumhansl, 1996) and happiness (Gerardi & 

Gerken, 1995), whereas a descending melodic direction is associated with sadness (Gerardi & 

Gerken, 1995). In addition, large variations in loudness may be associated with the negative 

emotion fear, whereas small variations are associated with happiness (Scherer & Oshinksky, 

1977; see Gabriellson & Lindstrom, 2001 for a review). If these findings indeed represent 

more general associations between dynamic attributes of stimuli, these results might 

generalize beyond music fragments to other dynamic stimuli such as light. 

To conclude, based on cross-modal associations between emotions and music, and 

based on effects of dynamic lighting on atmosphere perception, we might expect that 

dynamics of light, namely the rate of change, amplitude of change, and direction of change 

are related to abstract affective concepts. In addition, the interaction between these attributes 

of dynamic light and other parameters of dynamic light such as intensity and color of light 

might activate specific affective associations.  

Intensity of light 

The level of intensity is an important parameter of light that can influence 

associations between light and abstract affective concepts. Research has repeatedly shown 

that brightness as compared to darkness is associated with positivity (e.g., Adams & Osgood, 

1973; Lakens, Fockenberg, Lemmens, Ham, & Midden, 2013; Meier, Fetterman, & 

Robinson, 2015; Chapter 2), but also with activity and arousal (Marks, 1978; Mattes, 

Leuthold, & Ulrich, 2010; Romaiguère, Hasbroucq, Possamaï, & Seal, 1993). In line with 

these studies, the results of Chapter 2 showed that associations can emerge between 
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brightness and valence, as well as between brightness and activity. In the case of dynamic 

lighting, we can expect that a high luminance level as compared to a lower luminance level 

will be associated with both aggression (in an activity context) and calmness (in a valence 

context). 

Color of light  

Studies convincingly show that cross-modal associations between colors and emotion 

might emerge (e.g., Frühholz, Trautmann-Lengsfeld, & Herrmann, 2011; Buechner, Maier, 

Lichtenfeld, & Schwarz, 2014; Dael, Perseguers, Marchand, Antonietti, & Mohr, 2016; Gil & 

Le Bigot, 2014; Valdez & Mehrabian, 1994; Moller, Elliot, & Maier, 2009). More 

specifically, studies suggest that brightness and saturation of a color can be reliably related to 

abstract affective concepts (Valdez & Mehrabian, 1994; Dael et al., 2016; Wilms & Oberfeld, 

2017; Chapter 2). For example, Valdez and Mehrabian (1994) investigated associations 

between colors and emotions. Participants were presented with color patches and were asked 

to indicate their affective response to each color. The results showed that brighter colors were 

associated with positive emotions, whereas darker colors were associated with more negative 

emotions. In addition, more saturated colors were associated with emotions high in arousal, 

whereas less saturated colors were associated with emotions lower in arousal.  

In addition to the brightness and saturation of a color, studies suggest that the hue of a 

color also might be related to abstract affective concepts (e.g., Hupka, Zaleski, Otto, Reidl, & 

Tarabina, 1997; Wilms & Oberfeld, 2017; Young, Elliot, Feltman, & Ambady, 2013). Studies 

show that associations between hues and abstract affective concepts strongly depend on 

contextual cues (e.g., Elliot & Maier, 2012; Elliot, 2015, Chapter 3), and therefore, hues can 

be associated with different abstract affective concepts in different contexts. For example, 

studies show that red is associated with negative and active concepts (e.g., failure and danger, 

Moller et al., 2009; Pravossoudovitch, Cury, Young, & Elliot, 2014), but also with positive 
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and active concepts (e.g., competence and arousal, Briki & Hue, 2016; Maier et al., 2013; 

Wilms & Oberfeld, 2017), depending on the color assigned to the opposite response (see 

Chapter 3). Therefore, red might be associated with anger (Chapter 3; Fetterman, Robinson, 

& Meier, 2012; Young, Elliot, Feltman, & Ambady, 2013; Hupka, Zaleski, Otto, Reidl, & 

Tarabina, 1997), but also with excitement and enthusiasm (Chapter 3; Bennett & Rey, 1972). 

Similarly, bluish hues are proposed to be associated with passive affective concepts such as 

calmness and sadness (Clarke & Costall, 2008), but studies also suggest that blue might have 

an activating effect (Laufer, Láng, Izsó, & Németh, 2009), and can be associated with fear as 

compared to red-yellow (Dael et al., 2016). To conclude, predicting associations between hue 

and abstract affective concepts without taking the context into account might lead to limited 

hypotheses.  

The hue, saturation, and brightness of a color might also have interactive effects that 

determine associations between color and emotions (Palmer, Schloss, Xu, & Prado-León, 

2013). To investigate associations between colors, music, and emotions, Palmer and 

colleagues (2013) conducted a cross-modal matching experiment in which participants were 

asked to indicate which of 37 colors, varying in brightness, saturation, and hue, matched 

facial expressions of happiness, sadness, calmness, and anger (Experiment 2). The results 

showed that unsaturated, cool colors such as blue and green were mostly matched to calm and 

sad facial expressions, but calm facial expressions were associated with brighter colors 

whereas sad facial expressions were associated with darker colors. Happy facial expressions 

were matched to saturated, warm bright colors (e.g., orange and red) whereas angry faces 

were matched to saturated, dark, reddish colors. Thus, associations between color and 

specific affective concepts might depend on the specific combination of hue, saturation, and 

brightness.  
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To conclude, brightness, saturation, and hue of color seem to be related to abstract 

affective concepts. More specifically, brightness of color seems to differentiate mainly 

between positive and negative emotions, whereas the saturation of color seems to 

differentiate between active and passive emotions. Although hue seems to be related to 

abstract affective concepts, it is difficult to predict associations between hues and abstract 

affective concepts, since these associations are highly context-dependent. In addition, very 

little is known about how parameters of dynamic light such as rate of change might interact 

with parameters such as color and intensity of light. The aim of the present chapter is to 

investigate to what extent specific combinations of parameters of dynamic lighting might 

have the potential to activate abstract affective concepts. 

Measurement of abstract affective associations 

Emotions can be operationalized as combinations of fundamental dimensions such as 

pleasure and arousal (see for example Feldman-Barrett, 1998; Russell & Feldman-Barrett, 

1999; Russell & Mehrabian, 1977; Osgood et al., 1957; Yik, Russell, & Feldman-Barrett, 

1999). For example, the emotion anger is perceived as negative and active, whereas sad is 

perceived as negative and passive (Russell & Mehrabian, 1977). In the present chapter, we 

will represent and measure affective responses with the pleasure (i.e., valence) and arousal 

(i.e., activity) dimensions, and the four combinations of the valence and activity dimension, 

namely calm as the combination of positive and passive, anger as negative and active, happy 

(and enthusiastic) as positive and active, and sad as negative and passive (e.g., Russell & 

Mehrabian, 1977).  

Current studies 

Based on the existing literature, we might expect that intensity of light, color (hue, 

brightness, and saturation), and dynamics (i.e., rate of change, amplitude of change, and 

direction of change) are associated with valence and activity. Therefore, it is possible that 
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people in general have relatively shared associations between specific dynamic lighting 

scenarios and abstract affective concepts. To our knowledge, associations between dynamic 

lighting and abstract affective concepts have not been investigated. In the present set of 

studies, we will first explore the extent to which parameters of dynamic lighting are related to 

activity, valence, and abstract affective concepts (Study 4.1 and Study 4.2). The aim of these 

studies is to identify properties of dynamic light scenarios that could be used to activate 

specific concepts in light scenarios. In Study 4.3, we designed dynamic light scenarios based 

on a subset of the parameters identified in Study 4.1, Study 4.2, and the previous literature, 

and quantitatively investigated associations between dynamic light scenarios and abstract 

affective concepts. The aim of Study 4.3 was to examine whether the light attributes 

identified in Studies 4.1 and 4.2 would be recognized when used to design specific light 

scenarios. If that would be the case, parameters of dynamic light might be used by light 

designers to design light scenarios that activate specific concepts.  

Study 4.1 

To what extent would people intuitively believe dynamic light and abstract affective 

concepts are related? And which parameters of dynamic light would people use to design a 

light scenario that activates specific concepts? Exploring the answers on these questions 

might give more insight into whether dynamic light scenarios might activate specific 

concepts, and which parameters should be used to design such a scenario. In the present 

study, we aimed to explore which parameters of dynamic lighting might be related to abstract 

affective concepts. We asked two groups of students to design a light scenario for a specific 

abstract affective concept. The first group of students designed scenarios for the concepts 

active, passive, negative, or positive (i.e., representing the endpoints of the valence and 

activity dimension). The second group of students designed scenarios for calm, angry, happy, 

or sad (i.e., representing the four combinations of the valence and activity dimension).  
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Method 

Participants 

Forty-one students of Eindhoven University of Technology conducted the assignment 

for partial course credits. Twenty-four students created a scenario for the concepts active, 

passive, positive, or negative. Sixteen students drew a scenario for calm, angry, happy, or 

sad.  

Procedure 

Students were asked via instructions on paper to design a light scenario representing a 

specific concept. Because of time considerations, concepts were counterbalanced across 

participants, in such a way that each student received two concepts (e.g., active and positive, 

or calm and angry, all combinations occurred). See the second column of Table C1 (see 

Appendix C) for the total amount of scenarios for each concept.  

Students received an empty graph (see Figure 4.1), which they could print out and use 

on paper, or adapt digitally using software of their own choice. Students were asked to 

choose one attribute of light (i.e., students had to choose between intensity or saturation) they 

wanted to use when creating the dynamic scenario by writing it down next to the y-axis of the 

graph. The x-axis always expressed the progress of time, but students were asked to specify 

the timescale (e.g., seconds). Students indicated the color the light should be for the dynamic 

scenario by coloring the background of the graph. Next, students drew the dynamic pattern 

(i.e., a line representing how they would let the light change over time on the dimension they 

placed on the vertical axis). Students were asked to draw a line such that the endpoint of the 

line at the right end of the graph was on the same point on the y-axis as the starting point of 

the graph (thus, designing a dynamic pattern that could be repeated continuously over time). 

See Appendix D for the assignment. 
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Figure 4.1. Illustration of the empty graph used in Study 4.1.  

Results 

To explore the parameters students used to draw a light scenario for the 8 different 

abstract affective concepts, we qualitatively interpreted differences and similarities of the 

scenarios within and between concepts. We identified six parameters that reoccurred across 

the dynamic light scenarios people created for the 8 concepts. These consisted of 1) 

manipulation of intensity versus saturation (i.e., indicator along the y-axis), 2) the rate of 

change (i.e., seconds, minutes, or hours), 3) the level of intensity or saturation (i.e., high 

versus low placement of the line along the y-axis), 4) the amplitude of change (i.e., distance 

between the highest and lowest point of the line), 5) color (i.e., hue of the background color), 

and 6) smoothness of change (i.e., a curved versus angled line). See Figure 4.2 for the 

dynamic scenarios created by participants for the concepts negative, positive, active, and 

passive, and see Figure 4.3 for the dynamic scenarios created by participants for the concepts 

calm, angry, happy, and sad.  

Two independent coders coded the scenarios in terms of the parameters (see Table C1 

in Appendix C for the frequencies of the parameters for each concept). More specifically, the 

coders counted for each concept how many scenarios were created by using saturation or 

intensity (100% agreement), and how many scenarios included seconds, minutes, or hours as 

time unit (100% agreement). The level of intensity or saturation was coded by judging the 

placement of the line along the y-axis. A high level indicated a line above the middle of the 
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y-axis, whereas a low level indicated a line below the middle. This parameter could also 

include lines both at a low and a high level. The agreement for level of intensity or saturation 

ranged from 60 to 100 percent as the coders did not always agree on whether a scenario 

included both low and high levels of intensity or saturation. The amplitude of change was 

coded by judging the distance between the highest and the lowest point of the line along the 

y-axis (i.e., small, medium, or large, 75% - 100% agreement). The agreement on hue ranged 

from 80 to 100 percent, as in some cases a hue was categorized as pink or purple by one 

coder, and as red by the second coder. The agreement on smoothness of change (i.e., whether 

the line was curved or angled) ranged from 83 to 100 percent. Importantly, we did not aim to 

quantitatively assess the parameters.  

More specifically, in the section below, we described the scenarios participants 

designed for the 8 concepts, and we qualitatively interpret the patterns we identified across 

conditions that the two coders agreed on. Due to the set-up and the research aim of the 

present study, we did not quantitatively assess the parameters described above, although we 

provide frequencies for the parameters in Table C1 (see Appendix C). More specifically, 

students designed scenarios in their own chosen environment, and employed different formats 

to design the scenario. For example, some students printed the scenario and used pencils, 

whereas others designed the scenarios in Adobe Photoshop. In addition, the main aim of 

Study 4.1 is to tentatively explore which parameters might be related to abstract affective 

concepts, and therefore to generate hypotheses, to be tested in follow-up studies (see Study 

4.3). When possible, we related the parameters we identified to the literature mentioned in the 

introduction of the present chapter. We will discuss each concept in turn, and focus on 

choices participants made for the parameters intensity versus saturation, rate of change, 

amplitude of change, level of intensity or saturation, hue of the background color, and 

smoothness of change.  
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Figure 4.2. Scenarios representing the concepts negative (upper left), positive (upper right), 

passive (bottom left), and active (bottom right).  

 

Positive. See Figure 4.2, upper right quadrant for all scenarios for the concept 

positive. Most students manipulated saturation to design a positive scenario. Students 

indicated seconds, minutes, and hours approximately equally often as time unit, and thus 

there was no clear pattern in time indication for the positive scenarios. Students seemed to 

include lines at a high level of saturation more than lines at a low level of saturation (in line 

with their choice to vary the dynamic pattern over saturation on the y-axis). Although some 

studies report on an association between saturated colors and positivity, these associations are 

smaller than the association between brightness and positivity (Dael et al., 2016; Valdez & 

Mehrabian, 1994). Many students chose a yellowish/orangish or pinkish hue for the positive 
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scenario, although one student chose a blue hue (see Figure 4.2, upper right quadrant). 

Students drew lines with small, medium, and large amplitudes of change, and thus we could 

not distinguish clear patterns in the use of amplitude of change for positive scenarios. 

Students drew a curved line more often than an angled line for the positive scenarios.  

Negative. See Figure 4.2, upper left quadrant for all scenarios for the concept 

negative. Most students manipulated intensity to create a negative scenario. There were no 

clear patterns in the rate of change, or on the level of intensity or saturation. Most scenarios 

were red, blue, or mixtures of red and blue (i.e., purple hues). In general, students more often 

drew a curved line than an angled line (see Figure 4.2, upper left quadrant). There were no 

clear patterns in amplitude of change. 

Active. See Figure 4.2, bottom right quadrant for all scenarios for the concept active. 

Most students manipulated intensity to design an active scenario. We could not identify a 

clear pattern in the use of rates of change. A high intensity of light is shown to be associated 

with activity (e.g., Marks, 1978; Romaiguère et al., 1993). In this line, students more often 

drew lines with medium or large amplitudes of change compared to small amplitudes of 

change, and therefore the lines also often reached high levels of intensity. In addition, 

students more often drew a line with curves than with angles. Overall, students chose a broad 

range of hues, consisting of green, orange, yellow, but also blue (see Figure 4.2, bottom right 

quadrant).  

Passive. See Figure 4.2, bottom left quadrant for all scenarios for the concept passive. 

Most students manipulated intensity to design passive scenarios. In general, most students 

indicated minutes as time unit as compared to seconds and hours. In addition, students more 

often drew lines with small or medium amplitudes of change as compared to large amplitudes 

of change. The scenarios included lines both at a low and a high level of intensity. Students 

more often drew a line with curves than a line with angles. In addition, many students chose a 
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bluish hue for the passive scenario, although also yellowish and greenish hues were chosen 

(see Figure 4.2, bottom left quadrant). 

 

Figure 4.3. Scenarios representing the concepts angry (upper left), happy (upper right), sad 

(bottom left), and calm (bottom right) concepts. 

 

Calm. See Figure 4.3, bottom right quadrant for all scenarios for the concept calm. 

Students chose to manipulate saturation approximately as often as intensity to design a calm 

scenario. There was no clear pattern in the use of rate of change, or in the level of intensity or 

saturation (see Figure 4.3, bottom right quadrant). Palmer et al. (2013) reported on an 

association between cool hues, and calm and sad facial expressions. In this line, many 

students chose a blueish hue, although students also chose yellowish or greenish hues to 

design a calm scenario (see Figure 4.3, bottom right quadrant). In addition, in general, 



 Chapter 4 

108 
 

students more often drew a curved line than an angled line. We could not distinguish a clear 

pattern in amplitude of change for calm scenarios. 

Angry. See Figure 4.3, upper left quadrant for all scenarios designed for the concept 

angry. Students chose to manipulate saturation approximately as often as intensity to design 

an angry scenario. In addition, we could not distinguish a clear pattern in use of rate of 

change. Students more often drew lines with medium and large amplitudes of change 

compared to small amplitudes of change, and therefore the lines reached high and low levels 

of intensity or saturation. Almost all students chose a reddish hue for the anger scenarios, in 

line with findings of Palmer et al. (2013). Students drew curved lines as well as lines with 

(sharp) angles for the anger scenarios (see Figure 4.3, upper left quadrant). 

Happy. See Figure 4.3, upper right quadrant for all scenarios designed for the concept 

happy. We could not distinguish clear patterns in the manipulation of intensity or saturation, 

or in the use of rate of change. The results of Palmer et al. (2013) showed that participants 

associated happy facial expressions with warm, bright, saturated colors such as orange and 

yellow. In this line, many scenarios included lines at relatively high levels of intensity or 

saturation (see Figure 4.3, upper right quadrant). In contrast to the results of Palmer et al. 

(2013), students used various hues for the scenarios, such as blue, green, yellow, or purple. In 

addition, students more often drew a line with curves than a line with angles. We could not 

identify a clear pattern in amplitude of change for the happy scenarios (see Figure 4.3, upper 

right quadrant).  

Sad. See Figure 4.3, bottom left quadrant for all the scenarios designed for sad. Most 

students chose intensity to design a sad scenario, and most students indicated minutes as time 

unit. Scenarios included lines employing relatively low levels of intensity. However, students 

drew lines with small, medium, and large amplitudes of change, and therefore the lines also 

reached high intensity. In line with findings of Palmer et al. (2013), students more often 
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chose a bluish hue compared to other hues (see Figure 4.3, bottom left quadrant). In addition, 

students more often drew a line with curves than a line with sharp angles.  

Discussion 

Although we cannot draw strong conclusions based on the present exploration, the 

scenarios showed that students were able to create a light scenario for abstract affective 

concepts. We could roughly indicate 6 potential parameters of dynamic lighting that might be 

related to valence, activity, calm, angry, enthusiastic and sad by most people in Study 4.1. 

These parameters included the manipulation of saturation or intensity, the rate of change, the 

level of saturation or intensity, the amplitude of change, the color (hue of the background 

color), and the smoothness of change. In addition, although there was quite some variation 

within scenarios that were designed, we could tentatively see some patterns in how students 

used these parameters of dynamic lighting to design specific light scenarios.  

For example, almost all students manipulated intensity to design an active or passive 

scenario. In addition, for passive scenarios, students more often drew smaller amplitudes of 

change than for active scenarios, in line with previous studies investigating associations 

between lines and emotions (Lundholm, 1921). Negative and passive scenarios seemed to be 

a bit darker than positive and active scenarios, as they included lines at low levels of intensity 

or saturation, whereas active and positive scenarios did so to a lesser extent. The results of 

Lundholm (1991) suggested that people might associate sharp angled lines with activity. 

However, in the present exploration, smoothness of change seemed to differentiate between 

concepts to a lesser extent. For all concepts but anger, students more often drew a curved line 

as compared to an angled line.  

Hue seemed to differentiate between abstract affective concepts. Interestingly, all 

students chose the color red for angry scenarios, whereas most students chose blueish hues 

for sad and calm scenarios. These patterns are in line with the results of Palmer et al. (2013), 
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who showed that people associated sad and calm facial expressions with cool hues such as 

blue and green, whereas anger was associated with reddish hues. Next to hue, the brightness 

and saturation of colors are shown to influence associations between colors and emotions 

(e.g., Dael et al., 2016; Palmer et al., 2013; Valdez & Mehrabian, 1994; Wilms & Oberfeld, 

2017). In the present study, we did not assess the brightness and saturation of the background 

color. As students used several materials to design a scenario (e.g., pencils versus computer-

based program), we could not assess the brightness and saturation of the colors in an 

objective manner. Future research with the aim to more quantitatively assess associations 

between scenarios and abstract concepts might benefit from using similar (calibrated) 

computers to design the scenarios. 

Although there was quite some variation within all scenarios that were designed, there 

seemed to be more consensus in the scenarios created for the specific abstract affective 

concepts (i.e., angry, calm, happy, and sad) as compared to the scenarios created for the 

dimensional concepts, especially for the concepts negative and positive. For example, for the 

emotion anger, all students chose a reddish hue, whereas for the concept negative, red and 

blue hues were chosen. In addition, most students chose small and medium amplitudes of 

change for the emotion calm, whereas for the concept positive, small, medium, and large 

amplitudes of change were chosen. Perhaps this difference in consensus is due to the 

generality in meaning. The dimensional concepts seemed to be more general in meaning, 

whereas the abstract affective concepts are more specific in meaning. For example, some 

students indicated they thought of specific emotions when designing a scenario for the 

dimensional concept (e.g., when creating a scenario for the concept negative, some students 

thought of frustration, whereas others thought of sad).  

Although the present exploration tentatively showed there might be some regularity in 

the choices people make when creating dynamic light scenarios, the real question is whether 
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and how the scenarios on paper can be translated into (actual) dynamic light scenarios. With 

Study 4.2, we will further explore parameters of dynamic light relevant for abstract affective 

associations to emerge. Whereas participants only drew a scenario in Study 4.1, in Study 4.2 

participants were asked to first draw a scenario (as in Study 4.1), and were then asked to 

translate this scenario into a real-life light scenario using computer controlled LED. 

Study 4.2 

To further explore which parameters of dynamic light might be related to abstract 

affective concepts, we asked participants to design a light scenario using a commercially 

available programmable LED. The aim of Study 4.2 was to identify properties of dynamic 

light scenarios that could be used to activate specific concepts, and thus to generate 

hypotheses to be tested in Study 4.3. The goal for participants was to create a scenario that 

represented a specific emotion. We asked participants to create scenarios for four specific 

emotion concepts, namely calm, angry, enthusiastic, and sad. We had to be selective in view 

of time considerations (the creation of real-life light scenarios increased the duration of the 

task substantially), and chose these abstract affective concepts as we expected they covered 

the four combinations of the valence and activity dimension (i.e., positive and passive, 

negative and active, positive and active, negative and passive). In Study 4.1 we asked 

participants to create a scenario for the concept happy, but in Study 4.2 participants created a 

scenario for enthusiastic. Although happy and enthusiastic are both perceived as positive and 

active, enthusiastic is perceived as more active than happy (Russell & Mehrabian, 1977).  

Method 

Participants 

Fifteen participants (5 females, Mage = 31), volunteered to participate in the 

experiment for a monetary compensation of 5 euros. Participants’ country of origin was the 

Netherlands (7), China (2), Hong Kong (2), India (3), and Bulgaria (1). Participants were 



 Chapter 4 

112 
 

recruited from a local participant database. The design and procedure were approved a priori 

by the ethical committee of the human-technology interaction department of Eindhoven 

University of Technology.  

Stimuli and materials 

Participants were asked to design two dynamic light scenarios for two of the four 

abstract affective concepts (i.e., calm, angry, enthusiastic, or sad). Concepts were assigned to 

participants in a balanced way, such that for each concept approximately equally often a 

scenario was created. Scenarios were designed with a Philips Hue, a LED-based lamp which 

can be controlled via custom computer software application HueLight, developed by Martin 

Boschman (Boschman, 2014). The light can increase and decrease in intensity, color 

temperature, and color. In addition, the rate of change can be adjusted. The Philips Hue LED 

bulb was placed in a table lamp. See Figure 4.4 for an image of the Philips Hue LED bulb in 

the table lamp.  

 

Figure 4.4. Photograph of the Philips Hue LED bulb in the table lamp used in Study 4.2.  

 

Procedure 

The one-on-one sessions took place in a laboratory setting. Participants and 

interviewer were seated at a table, on which the Philips Hue was placed. After signing the 

informed consent, participants were briefed on the procedure of the session and asked 

whether they agreed that audio recordings would be made of the session. Participants were 
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explained that the aim of the study was to design dynamic light scenarios they thought would 

represent a specific abstract affective concept. Participants were asked to design two separate 

dynamic light scenarios for two abstract affective concepts. For each concept, participants 

completed three phases. In the first phase (i.e., the free association task), participants listed all 

salient associations between light and the specific abstract affective concept. In the second 

phase, participants received an empty graph (i.e., same as used in Study 4.1, see Figure 4.1 

for the image of the empty graph), and drew a line representing the associated dynamic light 

scenario. At the start of this phase, the interviewer first showed examples of transitions the 

Philips Hue could make (e.g., an increase in intensity), and then asked the participants to 

draw a line representing the associated dynamic light scenario. As in Study 4.1, participants 

were asked to draw a pattern of which the starting point was similar to the endpoint, such that 

the scenario could be played consecutively. In the third phase, the interviewer helped the 

participant to translate the pattern drawn in the figure into a dynamic light scenario played 

with the Philips Hue. The aim of this last phase was to observe how participants would 

translate their drawn scenario into a light scenario in such a way that it would match their 

imagination. This involved an iterative process, and participants could indicate whether they 

wanted to change or adjust anything to the drawing or to the scenario throughout the design 

process. The three phases were repeated for the second concept. After approximately 30 

minutes, participants were thanked and paid for their participation. All sessions were 

recorded and transcribed. The recordings of the session of one participant (P11) were partly 

lost due to technical problems with the recorder. 

Analyses 

To explore which parameters of dynamic lighting were associated with abstract 

affective concepts, we conducted a thematic analysis (Braun & Clarke, 2006). We aimed to 

derive themes direct from the data, without the use of a pre-existing coding scheme, and 
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therefore, we took an inductive (data-driven) semantic approach. We sorted the transcriptions 

by the 4 concepts, and then identified themes based on parameters of dynamic lighting 

mentioned by participants for each concept. Across emotions, participants mentioned level of 

intensity, dynamics (i.e., increase versus decrease, rate of change, and amplitude of change), 

and color (hue and saturation of color) when designing a dynamic light scenario for an 

abstract affective concept. 

Design approaches while creating light scenarios 

The approach of participants to design the scenarios varied. Some seemed to imagine 

a situation in which they experienced the emotion, for which they then visualized light (e.g., a 

participant thought about reading fiction when presented with the concept ‘calm’, and 

therefore mentioned the light did not need to be very bright). Others visualized their feelings 

and thoughts when experiencing the emotion themselves, which they in turn represented with 

light (e.g., one participant thought about disturbance, and represented this disturbance with a 

decrease in intensity). Others seemed to think about elements of nature when designing the 

scenario, or had a specific image in mind (e.g., a candle, a pulsing vein, or bloody images). 

Some participants varied their approach across the two concepts. Interestingly, almost all 

participants were well able to visualize abstract affective concepts in terms of dynamic light. 

Although some participants mentioned they did not really have a strong association between 

a specific light and an abstract affective concept (e.g., “Well, yes, I am not sure... I do not 

associate sad with light or something, or with a specific light… So I am not sure what would 

be the best option.” P10, male, age 22, the Netherlands), or mentioned that they struggled to 

understand the aim of the experiment (e.g., “When I heard about this assignment, it sounded 

kind of weird to me. Why would you make a light for anger? When would you ever use it? 

And then I did not really know how to approach it.”, P5, male, age 21, Hong Kong), most 
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participants seemed to have a clear idea what a scenario representing an abstract affective 

concept should look like. 

Indication of time 

The instructions given to participants did not specify the time scale for the dynamic 

light scenario, and the time units over which the dynamic light scenario was played differed 

strongly across participants. For example, some participants perceived 3 minutes to be a fast 

rate of change, whereas others referred to 8 seconds as slow. Some participants designed 

scenarios with the idea to make it last a whole day, whereas others designed one-minute 

scenarios. We purposefully did not indicate a time span ourselves, as we aimed to capture the 

associations participants had without constraining them too much. In the descriptions below, 

we interpreted time as the relative concepts fast and slow as indicated by participants, without 

taking concrete time units into account (i.e., what participants considered to be relatively fast 

or slow instead of exact time units).  

Calm 

Most participants seemed to associate calm with a medium level of intensity. For 

example, a participant mentioned, “And, medium brightness, let’s say. Otherwise it is very 

alert, and I do not think that is calm. […] Exactly, because it is a bit brighter light. It is not 

very dark or something.” (P10, male, age 22, the Netherlands). Only one participant indicated 

he associated calm with a high intensity of light: “turn all the lights on, make me calm and 

focused.” (P3, male, age 22, China). 

Most participants designed the scenario with slow and minimal changes (e.g., “But it 

would be a small transition and slow”, P4, female, age 32). Some participants mentioned they 

associated no change at all with calm, and would not design a dynamically changing scenario 

if it wasn’t part of the assignment. For example, one participant mentioned: “[…] If I would 

choose, I would just keep it stable. But you say it will change, so I think it will just go up.” 
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(P3, male, age 22, China). Although participants did not seem to associate an increase or 

decrease in intensity very strongly with calm, some participants associated an increase in 

light with a transition out of a calm mood: “Because if it was just calm, I would never want 

this line back up again.” (P4, female, age 32, Hong Kong), whereas others associated 

minimal increases with calm, and extreme decreases with disturbance: “If the luminance of 

the light goes down, I would not feel calm at all, because I feel probably like, ‘wow what is 

wrong’, probably I would feel scared or dangerous or something like that.” (P3, male, age 

22, China).  

Participants did not seem to associate a specific hue with calm, but most participants 

indicated they associated a non-intense, soft color with calm. For example: “The light might 

have a color. It must match the interior. Light blue, or light pink, light green is also 

possible.” (P2, male, age 39, the Netherlands). In this line, some participants mentioned a 

warmer, yellowish color, for example, “[INT: so, would you like to change anything about 

it?] PP: Color? To be it warmer? More orangy. [..]. It is not too orangy, and not too white.” 

(P4, female, age 32, Hong Kong). However, others mentioned they thought white was most 

associated with calm: “[INT: what do you think about the color of the light? Does it suit your 

associations with calm?] PP: Yes I think so. It is just bright light, I like this light, I associate 

it with calm.” (P3, male, age 22, China).  

Angry 

Many participants mentioned that they wanted to use a high level of intensity (e.g., 

“And, that you get completely blinded from it”, P2, male, age 39, the Netherlands), or that 

they would switch the light off completely (“Dark. Just off.”, P11, male, age 21, the 

Netherlands). However, one participant also mentioned she did not want the intensity level to 

be too high: “Uhm… I think it is at its brightest point a bit too bright perhaps. Could I 

perhaps set it back to 70 percent?” (P15, female, age 31, the Netherlands).  
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Most participants mentioned fast rates of change (“so just rapidly changing.”, P5, 

male, age 21, Hong Kong), and extreme amplitudes of change: “Uhm it starts…it starts to 

become more intense quite abruptly, than it attenuates a bit, and then a bit less, and then it 

comes back a little, and then it attenuates again. And at the end it reaches the highest point, 

and then it goes back again to peace. […]. Than very quick. So yes, let’s see, immediately, 

abruptly, what you showed in the beginning. And then it slowly decreases to the minimum 

point again.” (P11, male, age 21, the Netherlands). In this line, one participant mentioned an 

association with a stroboscope, although a different participant explicitly mentioned that the 

light should not flicker but should follow a pulsing pattern: “I do not get aggressive or angry 

from it, but it is, yes indeed a bit pulsating, as if you see red, most of the times a sort of 

anger.” (P15, female, age 31, the Netherlands). Most participants did not seem to associate an 

increase or decrease in brightness with angry, except for one participant who did mention he 

associated an increase in intensity with angry (i.e., “Like for the anger part, the first 5 

seconds increase in intensity, that was like, I think was like, it is the best I have done today.” 

P5, male, age 21, Hong Kong), and one other participant who mentioned he associated a 

decrease in intensity with angry (i.e., “And then, when you become happy, the intensity of the 

white light increases, till maybe maximum. And then it again starts reducing, and maybe I do 

not know if you have any light to show anger… You can just switch it off when you want to 

show anger.” P14, male, age 25, India).  

In the design phase, many participants mentioned the color red, as well as black and 

dark blue. For example, a participant mentioned: “And then, because of the color is red, and 

then, it just matches with the imagination that I came up with. So, lot of pictures related to 

blood, and violent movies.” (P8, male, age 24, China). A different participant mentioned: “If, 

for angry, you can, if there is any dark color. Black is the color, but I do not think you can 
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make it with white light.” (P14, male, age 25, India). Interestingly, participants often 

mentioned the color of the light very early in the design phase. 

Enthusiastic 

Almost all participants mentioned a high intensity to be associated with enthusiastic 

(e.g., “Yes, the brighter it is, I feel the more enthusiastic I would be.” P12, female, age 22, 

India).  

Many participants indicated they associated an increase in brightness with activity: 

“And then it continuously changes. So I will be more, feel ow excited. And it goes more and 

then goes on a point and I will like rest and the light changes again, the color or something, 

and goes excited more to one point, maximum. I cannot be active or excited more, and will 

remain stable throughout the sessions.” (P3, male, age 22, China). Others mentioned a 

gradual increase in light would get them involved and alert: “Yes it stays. I mean it does not 

flicker. It just grows gradually, not flickering in my eyes. […] Because I prefer when a 

scenario starts, to get me involved, if there is a sharper increase. That will have me 

involved.” (P13, male, age 23, India). Several people indicated that after the intensity of light 

reached the highest point, it would decrease again, which represented a decrease in the 

enthusiastic feeling. “Yes, it is just increasing the light, and till it gets increased it goes to a 

maximum level probably, and then it slowly subsides to the minimum... not minimum… the 

state where it started.” (P12, female, age 22, India). However, one participant indicated he 

would not use the highest level of intensity, as this would hurt his eyes: “No, it does not need 

to be brighter. Does not need to be brighter, because then it hurts your eyes, and you could 

get a headache.” (P9, male, age 45, the Netherlands).  

Many participants designed a scenario including a fast and a slow rate of change, in such a 

way that the scenario changed fast at one moment, and slow at a second moment. For 

example, a participant mentioned: “So there should be a sharp increase in brightness. You 
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cannot keep this kind of emotion the whole time, so there will be a slow decrease in 

brightness as well, but definitely in a slower rate.” (P5, male, age 21, Hong Kong). Some 

participants mentioned relatively large differences between the minimal and maximal setting 

(e.g., “Uhm… according to my drawing, then it is approximately 10 percent [intensity]. And 

then all the way up to 100 percent [intensity].” P8, male, age 24, China), whereas other 

mentioned smaller differences (e.g., “From above 50 percent [intensity] to maybe 70 percent 

[intensity].” P13, male, age 23, India).  

Many participants mentioned various hues, rather than one specific hue. For example, 

a participant indicated: “Maybe changing colors. Maybe two, maybe three changing colors, 

three bright colors for example. Orange, green and purple, in order to make that playful 

mood.” (P1, female, age 42, Bulgaria). In addition, some participants mentioned that the color 

of the light should be saturated (e.g., “Having different colors, like vibrant colors.” P12, 

female, age 22, India). However, one person also indicated that bright white light was more 

enthusiastic for him than colored light: “It is not that bright compared to the white one […] If 

the maximum can be higher it would be better. […] I think the white one is better.” (P5, male, 

age 21, Hong Kong).  

Sad 

In general, participants seemed to associate a low level of intensity with sad. For 

example, a participant mentioned: “[…] I think it should be like really dim, without the bright 

light. So a dim light throughout.” (P12, female, age 22, India). Many participants indicated 

they would include a decrease in intensity in the scenario. “[…] And it goes down, but it does 

not go sharply, it takes a lot of time to go down. And once it goes down, it just stays at the 

same level for a long time.” (P13, male, age 23, India). Participants mentioned the overall 

scenario should be relatively dark, and therefore the amplitude of change was relatively 

small. For example, a participant mentioned: “Or maybe even the start intensity can be lower. 
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You kind of want to sit in the dark, sort of.” (P4, female, age 32, Hong Kong). In addition, 

some participants included small oscillations in the scenario. For example: “That it becomes a 

bit brighter, a bit darker, a bit brighter, a bit darker.” (P10, male, age 22, the Netherlands). 

Most participants indicated the changes should be slow. “It starts from somewhere up, and 

then it just goes slow […]”. (P12, female, age 22, India), although some participants also 

mentioned relatively faster rates of change: “Perhaps the blinking could be a bit faster, 1 

second or something.” (P10, male, age 22, the Netherlands).  

Some participants seemed to associate a blue hue with sad: “Blue for me, lighting in 

blue, I like the color blue, but lighting in blue for me always seems more, not dull, but uhm, 

sad, haha I cannot think of another word.” (P4, female, age 32, Hong Kong). However, also 

yellow lighting was mentioned in response to the concept sad: “And then the light is a bit 

yellowish in general.” (P10, male, age 22, the Netherlands), and others mentioned no color. 

Discussion 

The descriptions above suggest that the level of intensity, dynamics (increase versus 

decrease, rate of change, and amplitude), and color (hue and saturation of color) can be 

related to abstract affective concepts, and thus might be used to activate specific concepts in 

light scenarios. Summarizing the verbal responses by participants, we conclude that a high 

level of intensity was mentioned in response to positive active (enthusiastic) as well negative 

active (angry) abstract affective concepts. Darkness on the other hand, was only mentioned in 

response to negative abstract affective concepts (anger and sadness). The scenarios designed 

for calm and sad concepts both included lower levels of intensity, although in general, calm 

was mentioned to be slightly brighter than sad. These results suggest that relatively bright 

light as compared to dim light can be both associated with activity as well as with positivity, 

in line with results of Chapter 2. Darkness on the other hand, seems to be associated with 

negativity (see also Lakens et al., 2012).  
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In terms of dynamics, the results of Study 4.2 suggested that participants associated 

an increase in intensity with positivity and activity, whereas they associated a decrease in 

intensity with negativity and passivity. For example, an increase in intensity was mentioned 

in response to enthusiastic, but not in response to calm or angry. For some participants, an 

increase in intensity even represented a transition out of a calm mood. In this line, a decrease 

in intensity was often mentioned in response to sad, but not very often in response to angry or 

calm. Perhaps partially in line with associations between music and emotions (Gerardi & 

Gerken, 1995), participants seemed to associate an increasing movement with enthusiasm, 

and a decreasing movement with sadness.  

In addition, partially in line with associations between tempo of music and emotional 

concepts (e.g., Balkwill & Thompson, 1999; Juslin, 1997) faster rates of change seemed to be 

mainly associated with activity, whereas slower rates of change seemed to be associated with 

passivity. Participants differentiated between extremely fast, fast, slow, and extremely slow 

rates of change. For example, in response to the concept calm, many participants mentioned 

(extremely) slow rates of change, whereas for the concept anger, participants mentioned 

extremely fast rates of change. In response to the concept enthusiastic, participants included 

both relatively slow and fast rates of change in the scenario. In general, many participants 

mentioned slow rates of change, in line with associations between music and emotion (e.g., 

Juslin, 1997), although some participants also mentioned faster rates of change.  

Moreover, with respect to dynamics, relatively large amplitudes of change seemed to 

be associated with activity, whereas smaller amplitudes of change seemed to be associated 

with passivity. In response to anger, most participants mentioned extreme amplitudes of 

change, from lowest to highest level of intensity. In contrast, in response to calm, participants 

mentioned very small amplitude of change. In response to sad, participants mentioned 

relatively small amplitude of changes as well, although in general participants mentioned 
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relatively larger amplitudes as compared to calm. In response to enthusiastic, participants 

mentioned both large as small amplitudes of change. Amplitudes of change might be related 

to the level of intensity. For example, sad seemed to be associated with darkness, and 

participants mentioned they would not include a high intensity in the scenario. In order to 

design such a scenario, the distance between the minimum and maximum point of brightness 

has to be relatively small.  

With respect to color, participants seemed to associate angry with the color red, in line 

with Study 4.1, whereas participants did not seem to have a strong association between a 

specific hue and sad, calm, and enthusiastic. Participants did mention the intensity of a color 

across concepts. More specifically, in general, softer colors were chosen for the concept 

calm, whereas more intense colors were selected for the concept angry. In this line, for the 

concept enthusiastic, participants more often chose saturated (“vivid”) colors, whereas for 

sadness, in general, participants chose less intense colors. Therefore, it seemed to be that 

more saturated colors were associated with active emotions, whereas less saturated colors 

were associated with more passive emotions, in line with Chapter 2 and previous studies 

(e.g., Valdez & Mehrabian, 1994).  

Conclusion 

Whereas the anger scenarios seemed to be relatively similar across Study 4.1 and 

Study 4.2, the calm, enthusiastic, and sad scenarios of Study 4.2 showed some differences 

with the scenarios of Study 4.1. For example, in Study 4.2, many participants indicated a 

medium level of intensity, minimal amplitudes of change, and soft colors in response to calm, 

whereas in Study 4.1, students drew lines with small but also with large amplitudes of 

change, often with a bluish hue. In response to enthusiastic, many participants mentioned the 

use of multiple hues within one scenario in Study 4.2, whereas in Study 4.1, different hues 

were chosen, but not within one scenario. Lastly, Study 4.1 showed that most students chose 
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a bluish hue in response to sad, but in Study 4.2, participants chose blue, yellow, or white 

light to represent sad. Perhaps these differences might have emerged from designing a 

scenario on paper versus designing a scenario with a LED, in line with findings of Chapter 2. 

See Figure 4.5 for a schematic overview of the relevant parameters of dynamic light related 

to anger, enthusiastic, calm, sad, active, passive, positive, and negative, based on Study 4.1 

and Study 4.2.  

 

Figure 4.5. A schematic overview of the relevant parameters of dynamic lighting related to 

the concepts anger, enthusiastic, calm, sad, active, passive, positive, and negative, based on 

Study 4.1 and Study 4.2.  

 

In Study 4.3, we used a subset of the parameters identified in Study 4.1 and Study 4.2 

(i.e., rate of change, hue, and saturation) to design dynamic light scenarios, and investigated 
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to what extent the parameters were related to the activity and valence dimension. In addition, 

we explored whether participants could accurately recognize these dynamic light scenarios as 

matching the emotion concept they were designed to represent. If that would be the case, the 

rate of change, hue, and saturation of light might be used by light designers to design light 

scenarios that activate specific concepts. 

Study 4.3 

In Study 4.3, we used a subset of the parameters identified in Study 4.1 and Study 4.2, 

and combined these parameters into 18 dynamic light scenarios. We developed dynamic light 

scenarios based on a subset of the parameters of dynamic lighting mentioned most 

consistently by participants in Study 4.1 and Study 4.2, namely, rate of change, hue, and 

saturation.  

In the present study, we made a distinction between dimensional light-emotion 

associations and specific light-emotion associations, based on the dimensional and discrete 

approach to the measurement of emotions (e.g., Scherer et al., 2013, see the general 

introduction for a more elaborate discussion on this topic). More specifically, we first aimed 

to investigate to what extent the three parameters of dynamic light might be related to valence 

and activity in general (i.e., dimensional light-emotion associations). In addition, we aimed to 

explore whether participants would actually recognize specific dynamic light scenarios as 

matching the emotion concept they should represent based on the hypotheses we generated 

from the qualitative data we collected in Study 4.1 and Study 4.2, above and beyond general 

associations with valence and activity (i.e., specific light-emotion associations).  

Dimensional light-emotion associations 

We expected that the rate of change, hue, and saturation would be related to the 

valence and activity dimension. More specifically, based on the results of Study 4.2 and the 

work of Sekulovski et al. (2011) we expected that faster scenarios would be interpreted to be 
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more active and more negative than slower and medium scenarios. Based on the results of 

Study 4.2 and previous studies (i.e., Valdez & Mehrabian, 1994; Chapter 2), we expected that 

saturated scenarios would be evaluated more actively than unsaturated scenarios, but we 

expected no, or a less pronounced, difference between saturated and unsaturated scenarios in 

terms of valence. Although the context-dependence of color associations makes it difficult to 

predict associations between hue, valence, and activity, we considered it possible that red 

would be associated with activity to a higher extent compared to blue (e.g., Wilms & 

Oberfeld, 2017; Chapter 3), and with negativity to a higher extent compared to yellow and 

blue (e.g., Study 4.1 and Study 4.2; Briki and Hue, 2016; Moller et al., 2013).  

Specific light-emotion associations 

We explored to what extent specific scenarios might activate the concepts calm, 

angry, enthusiastic, and sad. Based on Study 4.1 and Study 4.2 (see Figure 4.5), we 

tentatively expected that anger would represent a scenario with a fast rate of change and a 

saturated red hue, whereas calm would be associated with a scenario with a slow rate of 

change, and an unsaturated blue hue. Enthusiastic on the other hand, might represent a light 

scenario with a medium rate of change and a saturated color. Based on Study 4.1 and Study 

4.2, we expected blue scenarios might be associated with sad, but we were unsure about the 

rate of change and the level of saturation associated with sadness.  

Based on these expectations, in the present study, we created dynamic light scenarios 

in which we manipulated hue (blue vs green vs red), rate of change (fast vs medium vs slow), 

and saturation (saturated vs unsaturated), which resulted in a total of 18 scenarios. We 

expected these parameters to be related to the valence and activity dimension. In addition, we 

explored to what extent specific scenarios would activate the concepts calm, anger, 

enthusiastic, and sad. 

Method 
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Participants 

Forty Dutch participants (25 females, Mage = 23) voluntarily participated in the 

experiment. Participants were recruited from a local participant database, and received a 

monetary compensation of 5 euros for participating. The sample size was determined a priori 

based on a target of .9 power where at least a medium effect size, the smallest effect size we 

were interested to find, was expected.   

Two participants were excluded from analyses. One participant was colorblind, and one 

participant did not want to continue the experiment after 1 scenario because of a headache. In 

addition, one participant accidently skipped the first scenario by pressing enter too fast, and 

thus the data of the judgments of that scenario for that participant are missing.  

Measurements 

Participants were asked to observe and judge 18 light scenarios. To measure ratings of 

the scenarios on a dimensional scale, participants indicated how positive, active, and strong 

they thought the scenario was (-4 = extremely negative, passive, weak; 4 = extremely 

positive, active, strong). In addition, to measure the light-emotion specific associations, 

participants indicated the extent to which they thought each scenario matched 8 emotional 

concepts on a 9-point scale (0 = not at all, 8 = very much). We asked participants to interpret 

the scenarios not only in terms of calm, angry, sad, and enthusiastic, but also in terms of 

sleepy, alert, miserable, and pleased, aimed to present not only the combinations of the 

valence and activity dimension, but also the endpoints of the valence and activity dimension 

(e.g., Russell, 1980)1. The questionnaire included an empty item in which participants could 

                                                 
1 In the present chapter, we direct our attention to associations between dynamic light 

scenarios and activity and valence, and the four combinations of the valence and activity 
dimension, namely calm, angry, enthusiastic, and sad. Therefore, in this chapter, we will only 
report and discuss the results of activity, valence, calm, angry, enthusiastic, and sad. Please 
see Appendix C (p. 206) for the results of potency, alert, pleased, sleepy, and miserable.  



 Chapter 4 

127 
 

optionally fill in an additional emotion. See Appendix D for a detailed overview of the 12 

questions asked for each scenario.  

Stimuli & design 

The experiment consisted of a 3 (Hue: Red vs blue vs yellow) by 2 (Saturation: High 

vs low) by 3 (Rate of change: Fast vs medium vs slow) within-subjects design. The scenarios 

were displayed with the use of a light box that participants looked into (i.e., LEDflkr, 

Boschman, 2017, see Figure 4.6 for a photograph of the light box). The box contained 36 

Cree XPE power LEDs (i.e., 12 red, 8 green, and 16 blue LEDs). All the scenarios followed a 

sinusoidal pattern in terms of intensity, which lowest point was at 30 cd/m2 and highest point 

was at 80 cd/m2. Scenarios followed a fast (i.e., 1 second cycle), medium (i.e., 4 seconds 

cycle), or slow (i.e., 10 seconds cycle) rate of change. A cycle represents an increase in 

intensity from 30 cd/m2 to 80 cd/m2 and a decrease in intensity to 30 cd/m2 (see Figure 4.7). 

The color of the light in the scenarios was red, blue, or yellow, and the color was presented 

either saturated or unsaturated. See Table 4.1 for the x and y coordinates of red, yellow, and 

blue of the LED settings. In between the scenarios, a neutral static white light stimulus (i.e., 

CIE standard illuminant D65; x= 0.21, y= 0.46, Y= 50.0 cd/m2) was displayed.  

 

Figure 4.6. Photograph of the set-up of Study 4.3 (the light box displays neutral white light). 
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Figure 4.7. Schematic representation of the sinusoidal pattern all scenarios followed. A cycle 

is indicated by the vertical dotted lines and represents an increase from 30 cd/m2 to 80 cd/m2, 

and a decrease to 30 cd/m2.  

 

Procedure 

Participants completed the experiment individually in a room without windows. In the 

room, the light box was placed. Participants were seated in front of the box, at a table on 

which the questionnaire and a keyboard were placed (see Figure 4.6 for the set-up, the 

approximate distance between participant and LED box was 80 cm). When entering the 

room, the light box displayed a static white light. Participants were instructed that when they 

were ready to start, they could press ‘enter’ on the keyboard. After pressing ‘enter’, a first 

scenario started. Participants were asked to carefully observe the scenario, and to complete 

the two questionnaires (i.e., emotion-items, and valence, activity, potency-items). After 

assessing the scenario, participants pressed ‘enter’, after which a static white light appeared 

in the box for 10 seconds, followed by the next dynamic scenario. The time to observe the 

scenarios was not limited. This procedure was repeated until all 18 scenarios were played. 

The scenarios were displayed in randomized order. The experiment lasted about 30 minutes. 

 

Table 4.1.  

X, y coordinates of red, blue, and yellow (saturated and unsaturated) of the scenarios of 

Study 4.3 
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 x y 

Red saturated 0.67 0.31 

Red unsaturated 0.41 0.28 

Blue saturated 0.11 0.16 

Blue unsaturated 0.22 0.24 

Yellow saturated 0.53 0.43 
Yellow unsaturated 0.45 0.37 

 

Results and Discussion 

As proposed in the general introduction, light-emotion associations can be 

investigated using an emotion-specific (discrete) approach as well as a dimensional approach. 

In the present study, we will assess light-emotion associations taking both an emotion-

specific and a dimensional approach to light-emotion associations. 

Dimensional light-emotion associations 

First, we investigated to what extent the parameters rate of change, hue, and saturation 

were related to valence and activity. We conducted 2 separate factorial repeated measures 

ANOVAs, with rate of change, hue, and saturation as main effects, and valence and activity 

as outcome variables respectively. To further investigate the main effects, we included four 

interactions, namely the interaction between hue and rate of change, hue and saturation, 

between saturation and rate of change, and lastly the three-way interaction between hue, 

saturation, and rate of change. As a consequence of the number of effects we tested, we 

interpreted the main and interaction effects using an alpha of 0.05 divided by 7 (i.e., α = 

.007). When the interaction effect was significant, we conducted a post-hoc test, in which we 

corrected for multiple comparisons using an alpha of 0.05 divided by 3 (i.e., α = 0.016). See 

Table 4.2 for the results of the two repeated measures ANOVAs.  

 

Table 4.2.  
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Degrees of freedom, F-value, p-value, and effect size of effect of hue, saturation, and hue on 

valence and activity judgments. 

 df F p ηp
2 

Valence     
Hue 2, 72 24.89 <.001 .41 
Saturation 1, 36 73.18 <.001 .67 
Rate of Change 2, 72 32.67 <.001 .48 
Hue x saturation 2, 72 57.92 <.001 .62 
Hue x rate of 
change*  

3.01, 108.30 2.82 .042 .07 

Saturation x rate of 
change 

2, 72 .29 .749 .008 

Saturation x rate of 
change x hue 

4, 144 1.39 .242 .037 

Activity     
Hue 2, 72 5.01 .009 .12 
Saturation 1, 36 10.30 .003 .22 
Rate of Change*  1.65, 59.27 183.27 < .001 .84 
Hue x saturation 2, 72 1.30 .278 .03 
Hue x rate of 
change 

4, 144 .21 .935 .005 

Saturation x rate of 
change 

2, 72 2.38 .1 .06 

Saturation x rate of 
change x hue*  

2.8, 101.62 .12 .939 .003 

Note: An asterisk (*) indicates that Mauchley’s test showed that the assumption of sphericity 

had been violated, and therefore that the degrees of freedom Greenhouse-Geisser corrected 

tests are reported. 

Valence 
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Figure 4.8. Graphical representation of the mean valence judgments of saturated scenarios 

with a slow, medium, and fast rate of change (left) and unsaturated scenarios with a slow, 

medium, and fast rate of change (right). Error bars represent standard error of the mean. 

 

The results of the repeated measures ANOVA analyzing valence judgments across the 

18 scenarios, showed main effects of saturation, hue, and rate of change on valence 

judgments. However, the main effects of saturation and hue were qualified by an interaction. 

As can be seen in Figure 4.8, and as shown by post hoc pairwise comparisons, saturated red 

scenarios were judged as more negative (M = 1.41, SE = .20) than saturated blue scenarios (M 

= 3.98, SE = .24, 95% CI [2.02; 3.14], p <.001, Hedges’ g = 1.94) and saturated yellow 

scenarios (M = 4.75, SE = .25, 95% CI [2.77; 3.91], p <.001, Hedges’ g = 2.44), in line with 

previous studies (Briki & Hue, 2016; Moller et al., 2013). Unexpectedly, unsaturated red 

scenarios were judged to be more positive (M = 5.24, SE = .19) than unsaturated blue 

scenarios (M = 4.51, SE = .21, 95% CI [0.17; 1.29], p = .012, Hedges’ g = 0.61). 

Not in line with our predictions, saturation affected the valence interpretations of the 

red and blue scenarios. More specifically, as can be seen in Figure 4.8, unsaturated red 

scenarios were judged to be more positive than saturated red scenarios (Mdifference = 3.84, SE = 

.29, 95% CI [3.24; 4.44], p < .001, Hedges’ g = 3.22). In addition, unsaturated blue scenarios 

were judged as more positive than saturated blue, although the difference was less 

pronounced (Mdifference = .53, SE = .19, 95% CI [.14; .92], p = .009, Hedges’ g = 0.37). The 

difference between saturated yellow and unsaturated yellow was not significant (Mdifference = 

.099, SE = .33, 95% CI [-.58; .78], p = .768).  

In line with findings of Sekulovski et al. (2011), fast scenarios were judged as more 

negative (M = 3.36, SE = .17) than slow scenarios (M = 4.78, SE = .12, 95% [.56; 1.21], p < 

.001, Hedges’ g = 1.50) and medium scenarios (M = 4.24, SE = .15, 95% CI [1.03; 1.81], p < 
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.001, Hedges’ g = 0.85). In addition, medium scenarios were judged to be more negative than 

slow scenarios, 95% CI [.18; .89], p = .004, Hedges’ g = 0.66).  

Activity 

 

Figure 4.9. Graphical representation of the mean activity judgments of saturated scenarios 

with a slow, medium, and fast rate of change (left) and unsaturated scenarios with a slow, 

medium, and fast rate of change (right). Error bars represent standard error of the mean. 

 

The results of the repeated measures ANOVA analyzing activity judgments across the 

18 scenarios showed a main effect of rate of change, hue, and saturation on activity 

judgments. See Figure 4.9 for a graphical representation of the mean activity evaluations of 

the scenarios. As expected, pairwise comparisons showed that faster scenarios were judged as 

more active (M = 6.90, SE = .12) than medium (M = 4.77, SE = .15, 95% CI [1.72; 2.35], p 

<.001, Hedges’ g = 2.42) and slower scenarios (M = 2.95, SE = .17, 95% CI [3.36; 4.33], p 

<.001, Hedges’ g = 4.22). In addition, medium scenarios were judged to be more active than 

slower scenarios (95% CI [1.31; 2.32], p <.001, Hedges’ g = 1.79). In addition, as expected, 

saturated scenarios (M = 5.12, SE = .12) were judged as more active than unsaturated 

scenarios, M = 4.56, SE = .14, 95% CI [.208; .92], p = .003, Hedges’ g = 0.69, in line with 

previous results of Valdez and Mehrabian (1994). Scenarios with a red hue were judged as 

more active (M = 5.17, SE =.14) than scenarios with a blue hue (M = 4.60, SE =.18, 95% CI 
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[.14; 1.02], p = .012, Hedges’ g = 0.63), in line with previous results of Wilms and Oberfeld 

(2017) and of Chapter 3. In addition, red scenarios were judged as more active than scenarios 

with a yellow hue (M = 4.75, SE =.11, 95% CI [.09; .75], p = .015, Hedges’ g = 0.58). Red 

seemed to be judged as more active than blue and yellow, although the effects are relatively 

small. 

To conclude, all three parameters of dynamic lighting (i.e., rate of change, hue, and 

saturation) seemed to be related to valence and activity judgments. However, saturation only 

affected valence judgments for red and blue scenarios, and the effect of hue depended on the 

saturation of the scenarios (i.e., saturated red is judged to be most negative, whereas 

unsaturated red is judged to be more positive than unsaturated blue). In addition, although all 

three parameters of dynamic lighting were associated with activity, rate of change of 

scenarios had the most pronounced effect on activity judgments. 

Specific-light emotion associations 

We expected that specific combinations of the three parameters of light (i.e., rate of 

change, saturation, and hue) might be associated with the concepts calm, angry, enthusiastic, 

and sad. To explore the extent to which participants associated specific scenarios with 

specific emotions, we explored the judgments of the scenarios for each emotion, by 

calculating the mean judgments of the scenarios in terms of calm, angry, enthusiastic, and 

sad. In addition, we conducted 4 separate repeated measures ANOVAs with calm, angry, 

enthusiastic, and sad as dependent variables. See Appendix C (p. 211) for the results. Below, 

we will discuss the extent to which scenarios seemed to activate specific emotional concepts. 

Calm 
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Figure 4.10. Mean judgments of calmness for all dynamic light scenarios. Error bars 

represent standard error around the mean. The colors of the bars represent the six colors of 

the scenarios (i.e., from left to right; saturated red, saturated blue, saturated yellow, 

unsaturated red, unsaturated blue, unsaturated yellow). The text boxes below the x-axis 

represent the rate of change (i.e., from left to right: slow, medium, and fast rate of change).  

 

As can be seen in Figure 4.10, the scenarios with a slow rate of change and an 

unsaturated color seemed most strongly associated with calm. As expected, and in line with 

results of Study 4.1 and Study 4.2, slower, less saturated, and blue scenarios seemed to be 

mostly interpreted as calm by participants.  

Angry 
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Figure 4.11. Mean judgments of anger for all dynamic light scenarios. Error bars represent 

standard error around the mean. The colors of the bars represent the six colors of the 

scenarios (i.e., from left to right; saturated red, saturated blue, saturated yellow, unsaturated 

red, unsaturated blue, unsaturated yellow). The text boxes below the x-axis represent the rate 

of change (i.e., from left to right: slow, medium, and fast rate of change). 

 

As can be seen in Figure 4.11, the saturated scenarios with a red hue, and with a fast 

rate of change were most strongly associated with angry, in line with results of Study 4.1 and 

Study 4.2. In general, faster scenarios were more strongly associated with angry as compared 

to the medium and slow scenarios, but as can be seen in Figure 4.11, saturated red scenarios 

were highly associated with angry. Slow scenarios, with an unsaturated hue were least 

strongly associated with angry.  

As expected, participants seemed to associate specific scenarios with the abstract 

affective concepts angry and calm. More specifically, saturated scenarios with a red hue were 

most strongly associated with angry, whereas scenarios with slow rate of change, and 



 Chapter 4 

136 
 

unsaturated color were most strongly associated with calm. These results are in line with the 

results of Study 4.1 and Study 4.2, in which many participants designed the anger scenarios 

with a red hue and fast rates of change, whereas many participants designed scenarios with 

slow rates of change and a soft color for the concept calm (Study 4.2).  

Enthusiastic  

 

Figure 4.12. Mean judgments of enthusiasm for all dynamic light scenarios. Error bars 

represent standard error around the mean. The colors of the bars represent the six colors of 

the scenarios (i.e., from left to right; saturated red, saturated blue, saturated yellow, 

unsaturated red, unsaturated blue, unsaturated yellow). The text boxes below the x-axis 

represent the rate of change (i.e., from left to right: slow, medium, and fast rate of change). 

 

As can be seen in Figure 4.12, there did not seem to be one specific scenario which 

was most strongly associated with enthusiastic. Only the scenario with a fast rate of change 

and an unsaturated red hue was more than moderately associated with enthusiasm, although 

this association seemed weak. Unexpectedly, participants did not associate specific scenarios 
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with enthusiastic. Perhaps additional parameters such as a dynamic change of colors (see 

Study 4.1 and Study 4.2), are more strongly related to enthusiastic. 

Sad 

 

Figure 4.13. Mean judgments of sadness for all dynamic light scenarios. Error bars represent 

standard error around the mean. The colors of the bars represent the six colors of the 

scenarios (i.e., from left to right; saturated red, saturated blue, saturated yellow, unsaturated 

red, unsaturated blue, unsaturated yellow). The text boxes below the x-axis represent the rate 

of change (i.e., from left to right: slow, medium, and fast rate of change). 

 

As can be seen in Figure 4.13, there was not one specific scenario which was most 

strongly associated with sad. In addition, the mean evaluations of the scenarios in terms of 

sad were relatively low (i.e., ranging from M = .74, SD = .83 to M = 2.68, SD = 2.18), 

suggesting there was not one combination of parameters that is associated with sad.  

Unexpectedly, participants did not seem to associate specific scenarios with 

enthusiastic or sad. Possibly, the emotions enthusiastic and sad are less strongly associated 

with dynamic light compared to angry and calm, although in Study 4.1 and Study 4.2, people 
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were able to design a scenario for sad and enthusiastic, and their designs showed quite some 

consistency. As another explanation, and also pointing out the limitation of Study 4.3, the 

parameters we used to design dynamic light scenarios might have not been sufficiently 

related to enthusiastic and sad. We purposefully chose a limited set of parameters, but 

therefore we might have also excluded parameters which are related to enthusiastic and sad to 

a stronger extent. For example, Study 4.2 suggested that people could associate a decrease in 

intensity and darkness, with sad, whereas enthusiastic was associated with an increase in 

intensity and a dynamic change of colors, parameters we did not manipulate in Study 4.3. 

Future studies might benefit from investigating whether additional parameters such as level 

of intensity and variation of hues would activate associations with the concepts enthusiastic 

and sad. 

General discussion 

The idea to use ambient light to de-escalate potentially aggressive situations (de Kort 

et al., 2014) requires a better understanding of how dynamic light scenarios are associated 

with concepts such as anger and calm. The aim of the current chapter was to explore which 

parameters of dynamic lighting might be related to the valence and activity dimension, and 

specific abstract affective concepts (Study 4.1 and Study 4.2). The results of Study 4.1 and 

Study 4.2 tentatively show that specific parameters of dynamic light might be related to 

abstract affective concepts, namely, level of intensity, dynamics (i.e., rate of change, 

amplitude of change, increase versus decrease in change, and smoothness of change), and 

color (hue, saturation, and brightness). The results of Study 4.3 show that the manipulated 

parameters rate of change, hue, and saturation were related to valence and activity judgments 

of scenarios. In addition, the results suggested that specific combinations of the parameters 

were associated with the concepts anger and calm. The dynamic light scenarios in Study 4.3 

were not, or to a much lesser extent associated with the concepts sad and enthusiastic.  
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An important question is the extent to which associations between dynamic light and 

abstract affective concepts might be predicted a priori. For this, it is useful to understand 

whether parameters of dynamic light are mostly related to specific abstract affective 

concepts, or to more general affective dimensions such as valence. In literature on emotion a 

comparable distinction is made between discrete theories and dimensional theories. In 

general, discrete affective theories postulate that emotions can be categorized into mutually 

exclusive categories (e.g., anger or fear) based on specific features such as facial expressions 

or pattern, automatic nervous system activity, or action tendencies (e.g., Frijda, 1986; Ekman, 

1992; Izard, 2011; Russell & Feldman-Barret, 1999). In contrast, dimensional theories 

operationalize emotions as combinations of fundamental dimensions such as pleasure (or 

valence) and arousal (or activity, e.g., Feldman-Barrett, 1998; Russell & Feldman-Barrett, 

1999; Russell & Mehrabian, 1977; Osgood et al., 1957; Yik, Russell, & Feldman-Barrett, 

1999).  

The results of Study 4.1 and Study 4.2 suggested that some parameters of dynamic 

light might be related to the activity and valence dimension rather than to specific abstract 

affective concepts. For example, the results of Study 4.1 and Study 4.2 showed that a high 

level of intensity was associated with the positive active concept enthusiasm, but also with 

the negative active concept angry. However, other parameters seemed to be related to specific 

emotions to a higher extent. For example, the use of various hues within one scenario was 

only mentioned in response to the concept enthusiastic (Study 4.2). In addition, the results of 

Study 4.3 showed that people did not associate the emotions sad and enthusiastic with a 

specific scenario, which we might have expected based on the associations between 

parameters of dynamic light, valence, and activity judgments. Moreover, the results of Study 

4.3 suggested that parameters of dynamic light seemed to differ in importance for specific 

emotion-scenario associations to emerge. For example, whereas for anger, the hue and 
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saturation of the scenarios (i.e., saturated red) were important for associations between light 

and anger to emerge, for calm, the rate of change and saturation of the color seemed to be 

more important, perhaps pointing out a more emotion-specific relationship between dynamic 

light and emotions. Together, these results show that predicting associations between abstract 

affective concepts and dynamic light is complex, and associations might be the result of an 

interplay between various parameters. 

In the current set of experiments, we did not manipulate contextual cues. However, 

previous chapters showed that task specific features such as labels of the task might influence 

associations between light and abstract affective concepts (Chapters 2 and 3). For example, in 

an activity context, brightness was associated with aggression, whereas in a valence context, 

brightness was associated with calmness (Chapter 2). In addition, Chapter 3 showed that the 

activated meaning of the color red in a specific task depended on the opposing color (i.e., 

blue versus green). Similarly, a relatively saturated bright color was shown to be associated 

with aggression in activity context (i.e., as compared to a less saturated color), whereas it was 

associated with calm in a valence context (i.e., as compared to a darker color). To what extent 

associations between parameters of dynamic light and abstract affective concepts depend on 

contextual cues remains an important question for future research.  

The results of the present chapter suggest that dynamic lighting might have the 

potential to activate abstract affective concepts such as calmness, and therefore dynamic light 

might be employed as context cue (i.e., affective cues, see Blascovich & Mendes, 2000). For 

example, based on the current set of studies, we can imagine that scenarios with a slow rate 

of change and an unsaturated color might be used to activate concepts related to calmness in 

situations in which aggressive acts might emerge, while a scenario with a saturated red color 

might have negative effects. In addition, some participants in Study 4.2 mentioned they 

associated an increase in intensity with an activating state, representing the end of a calm or 
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sad mood. Perhaps this specific increasing movement might be used to activate people (e.g., 

going home at the end of a bar night, or starting work after a break). However, before we can 

draw such conclusions, more research is needed to investigate how scenarios are perceived 

across different contexts and influence affect and behavior. 

Conclusion 

The results of the present chapter suggest that cross-modal associations between 

dynamic light and abstract affective concepts might emerge. Although more research is 

needed to investigate associations between dynamic light and abstract affective concepts 

across various contexts, the present set of studies provide a first step in exploring the 

potential of dynamic lighting as a subtle and unobtrusive intervention in public spaces where 

aggressive behavior frequently leads to problems. 
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Investigating the effect of brightness differences on person perception 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
  



 Chapter 5 

143 
 

The main aim of the present thesis is to understand and explore the potential of light as 

intervention in situations in which aggressive behavior regularly leads to problems. Based on 

the idea that context cues such as light might influence aggressive behavior by activation of 

concepts, we investigated cross-modal associations between aggression and light in previous 

chapters. In the present chapter, we will investigate the potential of brightness differences to 

activate associations and influence judgments of people. 

Building on earlier studies that provided support for the effect of black clothing on 

person perception (Frank & Gilovich, 1988), and on the effect of brightness differences on 

the evaluation of naturalistic pictures (Lakens, Fockenberg, Lemmens, Ham, & Midden, 

2013), we aim to investigate whether brightness differences influence the perception of other 

persons. Based on the associative-propositional evaluation model of Gawronski and 

Bodenhausen (2006), we expect that associational patterns activated by brightness differences 

might underlie the predicted effect of brightness on explicit judgments.  

We refer to an association between an abstract affective concept (e.g., aggression) and 

a concrete concept (e.g., brightness) as a cross-modal association (see for example Gardner, 

1974). One way in which associations between concrete concepts and abstract concepts 

emerge is when both constitute ‘more’ of a dimension (e.g., more positive concepts such as 

light and calm) or both constitute ‘less’ of that dimension (e.g., less positive concepts such as 

darkness and aggressive, see Osgood & Richards, 1973). Based on factor analyses performed 

on a large amount of cross-cultural data, the seminal research by Osgood et al. (1957) showed 

that people structure concrete and abstract concepts along (at least) three main dimensions, 

namely evaluation (i.e., valence, how good or bad a concept is), activity (how active or 

passive a concept is) and potency (how strong or weak a concept is). Dimensional models of 

emotions distinguish between dimensions similar to valence, activity, and potency to 

structure affect, namely the pleasure, arousal, and dominance dimension (e.g., Mehrabian, 
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1996; Russell & Feldman-Barrett, 1999; Russell & Mehrabian, 1977; Yik, Russell, & 

Feldman-Barrett, 1999). 

The valence, activity, and potency dimension are particularly useful to investigate 

whether concrete context cues can activate associations with specific abstract concepts. For 

example, colours have been shown to activate associations with valence, activity, and 

potency (Valdez & Mehrabian, 1994). If concrete context cues such as brightness make 

abstract concepts such as valence salient, the salience of these concepts might be able to 

influence judgments, such as the explicit judgments about other people. In the current studies, 

which are inspired by the possible use of light in public space to reduce aggressive situations, 

we have a specific interest in cross-modal association between light and aggression. In two 

studies, we aim to investigate whether the cross-modal associations between brightness and 

valence, activity, and potency can influence explicit judgments of personality characteristics, 

with a special focus on how aggressive others are perceived to be. 

How contextual cues can influence person perception 

The idea that context cues activate meaning which in turn may influence explicit 

evaluations of others and objects in the environment lies at the core of the associative-

propositional evaluation model proposed by Gawronski and Bodenhausen (2006). The 

associative-propositional evaluation model postulates that evaluative responses to a target are 

defined by two processes, one associative, and one propositional. Associative processes are 

automatic affective responses that are triggered by associational patterns activated by a 

stimulus or a target. Propositional processes transform the output from those associational 

processes into explicit evaluations of a target (see Gawronski & Bodenhausen, 2006; 2007; 

2011 for more details and propositions of the theoretical model). For example, when 

encountering a person in a dark alley, that dark alley might activate negative associations, 
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which in turn might trigger a negative evaluation of that person (e.g., “That person is scary”, 

see for example Schaller, Park, & Mueller, 2003). 

In line with the more general associative-propositional evaluation model, the colour-

in-context theory (Elliot & Maier, 2012) aims to explain how associational patterns activated 

by colours can influence cognition, emotion, and behaviour. Supporting the idea of the 

associative-propositional evaluation model and the colour-in-context theory, and related to 

the current chapter, previous research by Frank and Gilovich (1988) suggest that associations 

related to brightness might influence explicit judgments. Frank and Gilovich (1988) 

investigated whether the association between black and negativity might influence perceived 

aggressiveness of sport teams. In one of their studies, participants (experienced referees and 

college students) were asked to watch a videotaped football match, and to evaluate actions of 

the defensive team. The defensive team either wore a black or a white outfit. Interestingly, 

independent of the actual actions of the teams, both experienced referees and college students 

judged the defensive team wearing black to act more aggressively than the defensive team 

wearing white. In addition, participants indicated they were more likely to penalize the 

defensive team wearing black than the defensive team wearing white. The results suggest that 

the colour black (as compared to white) can make the association with negativity and 

aggressiveness salient (Frank & Gilovich, 1988, see for example also Adams & Osgood, 

1973; Meier, Fetterman, & Robinson, 2015), and subsequently influence explicit evaluative 

judgments. 

Cross-modal associations between brightness, valence, activity, and potency 

Based on the associative-propositional evaluation model (Gawronski & Bodenhausen, 

2006; 2011) and colour-in-context theory (Elliot & Maier, 2012), we expect that brightness 

differences might activate associations with valence, activity, and potency, which in turn will 

influence explicit judgments of others. Interestingly, the literature suggests that brightness 
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differences might activate associations related to activity, in addition to associations related 

to valence. 

In line with the findings of Frank and Gilovich (1988), studies have repeatedly 

confirmed the emergence of a cross-modal association between darkness and negativity, and 

brightness and positivity (Adams & Osgood, 1973; Lakens, et al., 2013; Lakens, Semin, & 

Foroni, 2012; Meier, Fetterman, & Robinson, 2015; Sherman & Clore, 2009; Valdez & 

Mehrabian, 1994). For example, Lakens and colleagues (2013) investigated the possibility of 

a brightness bias in five studies, and found that brighter pictures are evaluated more 

positively compared to darker pictures. Based on this strong brightness-valence association, 

we expect that brightness differences might influence how positive people will be evaluated. 

In addition to associations between brightness and valence, studies indicate that 

brightness as compared to darkness is associated with intensity and activity (e.g., Marks, 

1987; Marks, Szczesiul, & Ohlott, 1986; Mattes, Leuthold, & Ulrich, 2002; Romaiguère, 

Hasbroucq, Possamaï, & Seal, 1993; Chapter 2). Brighter stimuli are perceived as more 

intense than dimmer stimuli, and are therefore associated with other stimuli high in intensity 

such as loudness (Marks, 1978). Based on this brightness-intensity association, we might 

expect that brightness differences not only influence how positive others are perceived, but 

also how active and strong people are perceived.  

Current research 

We conducted two studies to investigate whether brightness differences influence 

explicit judgments of personality characteristics. Participants were asked to judge brighter 

and darker photographs of faces of people. Based on the strong cross-modal associations 

between brightness and valence observed in previous research, we expected that brighter 

photographs of people would be judged as more positive than darker photographs. In 

addition, based on the association between brightness and intensity, we expected that brighter 
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photographs of people would be judged as more active and stronger than people on darker 

photographs. Because aggression is both negative and active (e.g., Russell & Mehrabian, 

1977), brightness differences could influence judgments of aggression in more than one way. 

Because associations between brightness and valence are robustly supported by previous 

studies and have yielded relatively large effects, especially when brightness is presented on 

the screen (see Chapter 2), our main prediction was that brighter photographs of people 

would be judged as less aggressive than darker photographs of people. However, based on the 

association between brightness and activity, we also examined the possibility that brighter 

photographs of people would be judged as being more aggressive.  

Study 5.1 

We investigated the effect of brightness differences on explicit judgments of people 

by digitally adjusting the brightness of photographs of people’s faces. Based on cross-modal 

associations between brightness and the valence, activity, and potency dimensions, we 

expected that people displayed in brighter photographs would be evaluated as more positive, 

more active, and stronger than people displayed in darker photographs. In addition, we 

explored the effect of brightness differences on judgments in terms of aggression. 

Method 

Participants 

Twenty-nine students from Eindhoven University of Technology voluntarily 

participated for partial course credits. Study 5.1 was part of an educational course, and the 

sample size consisted of all the students participating in the course. 

Materials 

Five photographs of women and five photographs of men with a neutral facial 

expression were chosen from the MR2 database (Strohminger et al., 2016). We created darker 

photograph (10.09 cd/m2) by digitally adjusting the brightness of each photograph in 
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Photoshop. The brighter photographs (58.61 cd/m2) were unadjusted. All photographs were 

displayed on a grey background (57.54 cd/m2). See Figure 5.1 for an example of a relatively 

bright (unadjusted) and darker (adjusted) photograph. Valence, activity, potency, and 

aggression judgments were measured with slider scales. Participants indicated their response 

on a slider (ranging from 0 to 100, without showing the numerical values on the scale). The 

endpoints labelled the construct (i.e., negative-positive, passive-active, weak-powerful, calm-

aggressive). The presentation of the stimuli and the registration of the responses were 

controlled by Inquisit software1.  

Design 

The experiment consisted of a repeated measures design where all participants made 

judgments for five bright and five dark photographs. We counterbalanced the combination of 

photographs of an individual and the brightness manipulation between participants (i.e., each 

individual was displayed in a darker photograph and in a brighter photograph, and 

participants judged one of the two versions). The dependent variables were the explicit 

judgments in terms of valence, activity, potency, and aggressiveness of the individuals 

displayed in brighter and darker photographs.  

Procedure 

Participants completed the evaluation task in isolation in individual cubicles behind 

computers. The cubicle had no outside windows and was only illuminated by the screen of 

the computer. Participants were instructed to evaluate 10 people in terms of positivity, 

activity, potency, and aggressiveness. One photograph was shown in the middle of the page, 

with one scale underneath the photograph on which participants could indicate their 

impression of that person by clicking the scale with the mouse. After participants indicated 

                                                 
1 All materials, experiment files, and data files of Study 5.1, and all data files of Study 

5.2 are available from the Open Science Framework (https://osf.io/cerfn/). 

https://osf.io/cerfn/
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their response on the scale, they continued to the next page, on which the same photograph of 

the same individual was presented, with a different scale underneath. After indicating their 

response on the four scales, participants continued to a next photograph of a different person. 

The order of the photographs was randomized for each participant. The order of the four 

questions was randomized for each photograph. The test lasted about 5 minutes.  

 

Figure 5.1. Example of a brighter, unadjusted photograph (left) and darker photograph (right) 

used in Study 5.1. 

Results 

Due to the nested structure of our data (i.e., repeated observations within individuals), 

we conducted linear mixed model analyses to investigate the effect of brightness of the 

photographs (i.e., brighter versus darker) on repeated measurements of judgments of valence, 

activity, potency, and aggression (for photograph number 1 to 10). We conducted four 

separate linear mixed model analyses with valence, activity, potency, and aggression 

judgments as outcome measurements respectively, and brightness as predictor. The 

participant identifier variable was included as random intercept in the analyses. The analyses 

included a repeated measurement structure for photograph number with a factor analytic (first 

order) covariance structure. All analyses were conducted with IBM SPSS statistics for 

Windows, version 23.  

The results of the four separate linear mixed models showed that brightness 

differences significantly predicted valence (b = 5.93, t(231.33) = 3.60, p <.001), activity (b = 

6.85, t(217.05) = 3.36, p =.001), and potency (b = 5.72, t(171.72) = 3.06, p = .003) judgments 

(see Figure 5.2). As expected, participants evaluated brighter photographs of people as more 
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positive (Estimated Marginal Mean = 54.48, SE = 1.73) than darker photographs of people 

(EMM = 48.56, SE = 1.73). In addition, brighter photographs of people were judged as more 

active (EMM= 49.17, SE= 1.91) and stronger (EMM = 53.58, SE = 1.72) than darker 

photographs of people (EMM = 42.32, SE = 1.91; EMM = 47.86, SE =1.72). The effect of 

brightness differences on aggression judgments was in the predicted direction, but not 

significant, b = -3.00, t(240.14) = -1.44, p = .150.  

 

Figure 5.2. The estimated marginal means for valence, activity, potency, and aggression 

judgments of people on brighter and darker photographs. Error bars display standard errors.  

Discussion 

As expected, darker photographs of people were judged as less positive, less active, 

and less potent compared to relatively brighter photographs of people. However, we could 

not reject a null-effect of brightness judgments on judgments of aggressiveness. The lack of 

an effect might be due to methodological reasons (the brightness differences were not strong 

enough to influence aggression judgments), statistical reasons (the power of the study was not 

high enough to find effects of brightness differences on aggression judgments), or our 

prediction was simply wrong. In Study 5.1 we created dark photographs by digitally adjusting 
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the overall brightness in Photoshop. This gave us the opportunity to systematically 

manipulate brightness of photographs of people, but as a consequence, the brightness 

differences might have appeared less naturalistic. Therefore, in Study 5.2, we manipulated the 

brightness differences in a manner that more closely resembled real-life bright and dim light 

conditions.  

Study 5.2 

We aimed to improve the external validity of Study 5.1 by using more naturalistic 

photographs, while still minimizing the influence of possible confounds as much as possible 

by conducting the study in a laboratory environment. Therefore, we took photographs of 

volunteer models under bright and dim lighting conditions. As in Study 5.1, we expected that 

people displayed in brighter photographs would be evaluated as more positive, more active, 

and stronger than people in darker photographs. In addition, based on the results of Study 5.1 

and the literature, we expected that brighter photographs of people would be evaluated as less 

aggressive than persons in darker photographs, and we increased the sample size to have 

sufficient power to detect the effect size observed in Study 5.1. Based on the association 

between brightness and activity, we also tested the opposite hypothesis that brighter 

photographs of people would be judged as being more aggressive. 

Method 

Participants 

Sixty-six students of Eindhoven University of Technology participated for a monetary 

compensation of 3 euros. The sample size of Study 5.2 was determined a priori based on a 

target of .9 power with an effect size of Cohen’s dz of .37 (i.e., based on the effect of 

brightness differences on aggression judgments of Study 5.1), using statistical power analysis 

(G*Power; Faul, Erdfelder, Lang, & Buchner, 2007). 

Materials 
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Eight bright (100.3 cd/m2) and eight dark (1.59 cd/m2) photographs (9 men and 7 

women) were selected from a self-developed stimulus set. The photographs were taken by 

design students in a lab with programmable lighting facilities. The volunteer models (all 

students around the age of 20) were photographed against a white wall, under bright and dark 

lighting conditions. The models were asked to show neutral facial expression. See Figure 5.3 

for an example of a bright and dark photograph. Although the darker photographs were 

darker than the photographs in Study 5.1, they were clearly visible in the dark experimental 

setting.  

Procedure and design 

The procedure and design were identical to the procedure and design of Study 5.1, 

except for one question regarding the models in the photographs. Because both the models on 

the photographs as well as the participants were of students of Eindhoven University, we also 

asked whether participants personally knew any of the models on the pictures (and if yes, 

who)2.  

 

Figure 5.3. Example of a bright photograph (left) and a dark photograph (right) used in Study 

5.2.  
 

 

 

 

 

                                                 
2 20 participants indicated they knew one or more persons displayed in the 

photographs. When conducting the analyses without the data of those specific cases, the 
effects of brightness differences on aggression, valence, activity, and potency judgments 
remain similar to the results reported in the results section. See Appendix C (p. 216) for the 
complete results of these analyses. 
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Results 

Due to the nested structure of our data (i.e., repeated observations within individuals), 

we conducted linear mixed model analyses to investigate the effect of brightness of the 

photographs (i.e., brighter versus darker) on repeated measurements of judgments of valence, 

activity, potency, and aggression (for photograph number 1 to 16). As in Study 5.1, we 

conducted four separate linear mixed model analyses with valence, activity, potency, and 

aggression judgments as outcome measurements respectively, and brightness as predictor. 

The participant identifier variable was included as random intercept in the analyses. The 

analyses included a repeated measurement structure for photograph number with a factor 

analytic (first order) covariance structure. All analyses were conducted with IBM SPSS 

statistics for Windows, version 23.  

In line with Study 5.1, the results showed that brightness differences significantly 

predicted valence (b = 12.60, t(918.16) = 12.78, p < .001), activity (b = 9.57, t(619.35) = 

8.55, p < .001), and potency (b = 3.82, t(378.98) = 3.55, p < .001)3 judgments (see Figure 

5.4). Furthermore, the results showed that brightness differences significantly predicted 

aggression judgments (b = -9.50, t(776.51) = 8.92, p < .001). As expected, participants 

judged brighter photographs of people to be more positive (EMM = 60.34, SE = 1.07) than 

darker photographs of people (EMM = 47.74, SE= 1.07). In addition, brighter photographs of 

people were judged to be more active (EMM = 51.74, SE= 1.07) and stronger (EMM= 57.35, 

SE= .93) than darker photographs of people (EMM = 42.17, SE = 1.07; EMM = 53.52, SE 

                                                 
3 Our main research question is whether brightness differences influence explicit 

judgments of stranger in photographs. However, as we used male and female models, we 
investigated whether the gender of the models in the photographs influenced the effect of 
brightness on valence, activity, potency, and aggression judgments. In short, the results of 
Study 5.1 showed that the effects of brightness differences on aggression, valence, activity, 
and potency judgments were similar to the reported results. The results of Study 5.2 showed 
that brightness differences affected the potency judgments of female models, but not the 
potency judgments of male models. See Appendix C (p. 214) for the complete analyses and 
results of the models with effect of gender included. 
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=.93). Finally, brighter photographs of people were judged to be less aggressive (EMM = 

37.23, SE = 1.16) than darker photographs of people (EMM = 46.73, SE = 1.16).  

 

Figure 5.4. The estimated marginal means for valence, activity, potency, and aggression 

judgments of brighter and darker photographs of people. Error bars display standard errors. 

Discussion 

In line with the results of Study 5.1, the results of Study 5.2 indicate that darker 

photographs of people were judged as less positive, less active and less strong compared to 

brighter photographs of people. In addition, darker photographs of people were judged as 

more aggressive. The effects of brightness differences on judgements of others seem more 

pronounced in Study 5.2 compared to Study 5.1. These larger effects might be due the more 

pronounced and more naturalistic brightness differences of photographs, or due to the bigger 

sample size used in Study 5.2 as compared to Study 5.1, or both. Importantly, together with 

Study 5.1, the results of Study 5.2 suggest that brightness differences influence judgments of 

photographs of people in terms of valence, activity, potency, and aggression. 

It is important to note that the stimulus set of Study 5.2 was controlled to a lesser 

extent than the stimulus set of Study 5.1, which decreased the internal validity, but increased 
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the external validity of the study. For example, the models were students, and their 

expression might have subtly differed between the light and dark photographs. In addition, 

the photographer used a longer shutter time when taking photographs under the dark light 

condition, and therefore the darker photographs were a bit more blurry than the brighter 

photographs (see Figure 5.3). However, the brightness differences of the photographs of 

Study 5.2 more closely resembled real-life bright and dark light settings than the brightness 

differences of the photographs of Study 5.1. In addition, the similarity in the overall data 

pattern across Study 5.1 and Study 5.2 does not suggest too large an impact of these potential 

confounds. 

The results of Study 5.1 and Study 5.2 suggested that brightness differences 

influenced aggression judgments more strongly in the direction predicted based on the 

brightness-valence association than in the direction predicted based on the brightness-

intensity association. However, people presented in brighter photographs were judged not 

only as more positive compared to people in darker photographs, but also as more active and 

strong. Therefore, we explored how valence, activity, and potency judgments were related to 

the effect of brightness differences on aggression judgments of photographs of people 

through mediation analyses. 

Exploratory analyses - valence, activity, and potency as possible mediators 

To explore how valence, activity, and potency judgments may underlie the effect of 

brightness differences on aggression judgments, we tested three mediation models for Study 

5.1 and Study 5.2 separately. See Figure 5.5 for a graphical representation of the three 

mediation models with valence judgments as mediator. Although the results of Study 5.1 did 

not show a significant effect of brightness differences on aggression judgments, mediation 

analyses might give insight into the indirect effects of brightness through valence, activity, 
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and potency judgments on aggression judgments (e.g., Hayes, 2009; Mackinnon, Krull, & 

Lockwood, 2000; Zhao, Lynch, & Chen, 2010). 

 

Figure 5.5. Graphical representation of the hypothesized mediation of valence judgments on 

the effect of brightness on aggression judgments.  

 
We calculated the Monte Carlo confidence interval using the online tool by Selig and 

Preacher (2008), based on the regression coefficients from the linear mixed models described 

above (i.e., the a-paths). In addition, to obtain regression coefficients for the b-paths, we 

conducted three separate linear mixed models with aggression as dependent factor, brightness 

as fixed predictor, and valence, activity, and potency each as fixed predictor. See Table 5.1 

for the coefficients for the a-paths, b-paths, and c’-paths, and for the Monte Carlo confidence 

intervals of the indirect effect of brightness on aggression through valence, activity, and 

potency judgments. 

The mediation analyses for Study 5.1 and Study 5.2 showed that the Monte Carlo 

confidence interval did not include zero when considering valence judgments as mediator, 

suggesting a significant indirect effect of brightness on aggression judgments through valence 

judgments. As expected, people in brighter photographs were judged to be more positive, and 

therefore as less aggressive than people presented in darker photographs.  

The Monte Carlo confidence intervals for the indirect effect of brightness through 

activity and potency on aggression judgments also did not include zero. However, the 

coefficients of the b-paths and c’-paths were of opposed signs, which might indicate 

inconsistent mediation (Mackinnon, Fairchild, & Fritz, 2007; Mackinnon et al., 2000; Zhao et 
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al. 2010). In other words, people presented in brighter photographs were judged to be more 

active and stronger than people in darker photographs, and more active and stronger 

photographs were judged to be more aggressive. Because the total effect of brightness on 

aggression is in the opposite direction (people in brighter photographs are judged as less 

aggressive than people in darker photographs), activity and potency might have acted as 

suppressors on the effect of brightness on aggression (Mackinnon et al., 2000). 

The direct effects of brightness on aggression controlled for valence, activity, and 

potency, were significant (i.e., c’-path), suggesting that valence, activity, and potency 

judgments did not fully mediate the relationship between brightness and aggression (e.g., 

Zhao et al., 2010). In other words, variables other than valence, activity, and potency 

judgments might also contributed to the effect of brightness differences on aggression 

judgments.  

Table 5.1.  

Mediation coefficients for the mediation of valence, activity, and potency judgments on the 

effect of brightness differences on aggression judgments for Study 5.1 and Study 5.2. 

     95% confidence interval 
ab 

 a  b  c’  c  Lower Upper 
Study 5.1       Valence 5.92** 

(1.65) 
-0.37** 
(.06) 

-0.82 
(2.05) 

-3.00 (2.08) -3.68 -0.93 

Activity 6.85* 
(2.04) 

0.23** (.05) -4.53* 
(2.05)  

-3.00 (2.08) 0.52 2.90 

Potency 5.72* 
(1.90) 

0.39** 
(.05) 

-4.98* 
(1.95) 

-3.00 (2.08) 0.75 3.95 

Study 5.2       Valence 12.60 ** 
(.99)  

-0.44** 
(0.03) 

-3.57* 
(1.07) 

-9.50** 
(1.07) 

-6.72 -4.45 

Activity 9.57** 
(1.12) 

0.14** 
(0.03) 

-10.82** 
(1.07) 

-9.50** 
(1.07) 

0.74 2.03 

Potency 3.82** 
(1.08) 

.38** (0.03) -10.95** 
(0.99) 

-9.50** 
(1.07) 

0.64 2.31 

Note: ** indicates p <.001, * indicates p <.05 
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The results of the mediation analyses showed that brightness differences might affect 

aggression judgments through valence, activity, and potency judgments. More specifically, 

the results suggested that people in brighter photographs were evaluated as more positive, and 

therefore as less aggressive, than people in darker photographs. In addition, brighter 

photographs of people were judged to be more active and stronger, and therefore might have 

been judged as more aggressive than darker photographs of people.  

We have to interpret these mediation effects with caution. First, we cannot draw 

strong conclusions about the causality of these mediation effects as the variables were 

measured simultaneously (see for example MacKinnon et al., 2007). Second, although 

previous studies convincingly show the existence of associations between brightness, 

valence, and activity (e.g., Dael, Perseguers, Marchand, Antonietti, & Mohr, 2016; Lakens et 

al., 2012; Mattes et al., 2002; Chapter 2), in the current set of studies, we did not directly 

measure associations between the brightness of photographs and valence, activity, and 

potency, but only measured the predicted effects on person judgments. Taking these 

limitations into account, the results provide preliminary support for the idea that associations 

between brightness, valence, activity, and potency might (partly) underlie the effect of 

brightness on explicit judgments of photographs of people.  

General discussion 

The current studies examined whether brightness differences influence explicit 

judgments about people in photographs. Study 5.1 revealed that whereas darker photographs 

of people were judged to be less positive, less active, and less strong than brighter 

photographs of people, but brightness differences did not influence explicit judgments of 

others in terms of aggressiveness. Extending the results of Study 5.1 in a better powered 

experiment, the results of Study 5.2 revealed that darker photographs of people were judged 
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to be not only less positive, less active, and less strong, but also more aggressive compared to 

brighter photographs of people.  

The results corroborate and extend the findings of Lakens et al. (2013) and the 

findings of Frank and Gilovich (1988). Our results suggest that brightness differences do not 

only influence the evaluations of naturalistic pictures (Lakens et al., 2013), but also 

judgments about people displayed in photographs. In addition, brightness differences do not 

only influence judgments in terms of valence, but also in terms of activity, potency, and 

aggressiveness (Study 5.2). Extending the results of Frank and Gilovich (1988), the results of 

the current studies suggest that the association patterns activated by brightness and darkness 

influence explicit aggressiveness judgments (Study 5.2).  

The results of the current set of studies suggested that, as expected, based on the 

brightness-valence association brighter photographs of people might be judged as less 

aggressive, whereas based on the brightness-activity association, brighter photographs of 

people might be judged as more aggressive than darker photographs of people. Thus, 

although both the brightness-valence association as the brightness-activity association might 

play a role in the effect of brightness on judgments about people displayed in photographs, 

the results of the present two studies suggested that the effect of the brightness-valence 

association on aggressiveness judgments was stronger.  

An important question is why the brightness-valence association might have been 

most dominant for predicting the effect of brightness on aggression judgments. Osgood and 

colleagues (1957) proposed that, of the valence, activity, and potency dimension, the valence 

dimension is most dominant in differentiating between the meaning of concepts. Thus, in a 

task where all three dimensions are salient, as it was the case in our two studies, it might be 

that the valence dimension receives (by default) the most attention. In addition, valence 

judgments might be more important for forming first impressions of strangers than the 
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activity and potency dimension (e.g., Fiske, Cuddy, & Glick, 2007). Perhaps the nature of the 

task directed relatively more attention to the valence dimension as compared to the activity 

and potency dimension. In the present set of studies, we asked participants to judge people in 

photographs in terms of valence, activity, and potency, thus explicitly increasing the salience 

of all three dimensions. Perhaps the effect of brightness on aggression judgments would have 

been in opposite direction if we had limited our questions to judgments about activity and 

aggression. 

Limitations and future directions 

In the current chapter, we proposed cross-modal associations between brightness, 

valence, and activity as possible mechanism through which brightness differences of 

photographs may influence explicit judgments of people. However, other variables might also 

underlie the effect of brightness on aggression judgments. For example, processing fluency 

could have played a role, as brighter photographs might potentially have been easier to 

process than the darker photographs, especially in Study 5.2. As processing fluency is related 

to liking, positive judgments, and positive affect (e.g., Reber, Schwarz, & Winkielman, 

2004), this could be a potential mechanism underlying the effect of brightness on positive 

judgments. 

Although the results of the current studies indicate that the relative difference between 

brightness and darkness influence explicit judgments of others, future research might benefit 

from investigating whether brightness and darkness independently influence explicit 

judgments. The current studies employed a within-subjects design, and therefore brightness 

differences were highly salient. An important question is whether the presence of brightness 

and darkness in a task is a necessary condition for activating associative patterns between 

brightness, valence, activity, potency, and aggression. Previous research shows that the 

presence of the polar opposites black and white is crucial for activating associations between 
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white and positivity in a specific task (Lakens et al., 2012), but whether this is also the case 

for the opposites bright and dark remains an empirical question.  

An important question is whether the results would translate to ambient brightness. 

Studies suggest that ambient brightness might influence explicit judgments of others, 

although the experimental designs (i.e., the amount of lux used in bright and dark conditions) 

differed across studies (Baron, Rea, & Daniels, 1992; Schaller, et al., 2003; Xu & Labroo, 

2014). For example, Baron and colleagues (1992) found that when seated in lower 

illumination levels (150 lux), participants gave higher evaluations about the performance to 

an employee than participants seated in higher illumination levels (1500 lux). Similarly, 

Schaller et al. (2003) found that ambient darkness (i.e., all the lights off) enhances the 

tendency of participants who have a chronic concern about danger to evaluate African 

Americans in a more stereotypical way. Although the dependent measures are different from 

the dependent measures used in the present chapter, these studies illustrate that ambient 

brightness might influence explicit judgments. As ambient brightness might be a promising 

intervention in public spaces where aggressive behaviour regularly leads to problems, and our 

results provide further support for the possibility that brightness can influence person 

judgments, future research might benefit from investigating how different levels of ambient 

brightness influence judgments of people. 
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The present thesis aimed to understand and explore the potential of light as subtle and 

unobtrusive intervention in situations in which aggressive behavior frequently occurs. There 

are multiple psychological pathways through which light might influence aggressive 

situations. One of the ways in which contextual cues such as light might be able to influence 

aggressive behavior is by the activation of concepts that in turn change behavior. In the 

present thesis, we investigated cross-modal associations between aggression, color, and 

brightness. The first set of experiments examined the question how task-specific features 

(e.g., labels of the task) might influence associations between brightness, color, and 

aggression. The second set of experiments aimed to explore the potential of static and 

dynamic light as a context-cue to activate associations and influence judgments. The results 

of this thesis suggest that the context is indeed of crucial importance when predicting 

associations between aggression, light, and color. The affective dimensions of meaning (i.e., 

the valence and activity dimension) might be one way based on which context-dependent 

cross-modal associations between concrete and abstract affective concepts emerge. Last, the 

results suggest that static and dynamic light could activate abstract affective concepts such as 

calmness and aggression, and might influence judgments of people. 

In this thesis, we investigated a diverse set of research questions, using a range of 

different methodologies. There were three main themes across experiments. First, examining 

the cross-modal associations between aggression, color, and brightness formed the core of the 

present thesis. In Chapters 2, 3, and 4 we investigated associations between (dynamic) light 

and emotional concepts, and in Chapter 5 we investigated whether associations activated by 

brightness differences might influence person perception. The second theme revolved around 

the question how context might influence cross-modal associations between aggression and 

light (Chapters 2 and 3). We also investigated the potential of brightness differences to 

function as context cues that influence judgments (Chapter 5). The third theme is that we took 
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a dimensional approach to conceptual meaning in all experiments, and used the valence and 

activity dimensions to measure and predict affective associations and judgments. In this 

discussion, we will reflect on the role of context and the affective dimensions of meaning 

when measuring and predicting cross-modal associations between aggression, color, and 

brightness. In addition, we will discuss the theoretical and practical implications of the results 

presented in this thesis.  

Affective dimensions of meaning  

Osgood and colleagues (1957) proposed three dimensions to describe affective 

meaning (i.e., the valence, activity, and potency dimension). In the studies reported in this 

thesis, we could predict cross-modal associations using only the valence and activity 

dimensions. Differentiating between the activity and the potency dimensions was difficult, as 

the two dimensions seemed to collapse into a single combined dimension. This would be in 

line with the theoretical work of Osgood and colleagues (1957), who suggested that the 

activity and potency dimensions can merge into one unified ‘dynamism dimension’ when 

evaluating specific concepts (e.g., ‘sociopolitical concepts’, p. 74). In addition, it is suggested 

that the valence and activity dimensions might be sufficient to measure affective responses 

towards visual stimuli (Collier, 1996) and to capture the meaning of emotion-related words 

(Russell, Weiss, & Mendelsohn, 1989).  

Our results suggest that the valence and activity dimensions are essential dimensions 

when predicting context-dependent associations between aggression, color, and brightness, 

but we did not aim to show that the valence and activity dimensions explain variation in 

meaning of all concepts across all contexts. Importantly, as Osgood and colleagues (1957) 

pointed out, the order, importance, and the composition of the dimensions may change as a 

function of the context. Thus, whereas in our studies the valence and activity dimensions 

could sufficiently discriminate between the affective concepts anger and calmness, the 
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potency dimension might be of crucial importance when differentiating between other 

affective concepts. For example, anger and fear are both characterized by negative valence 

and high arousal (e.g., Russell & Mehrabian, 1977). In this context, the potency dimension 

might be important when discriminating between two abstract affective concepts that are 

similar on the valence and the activity dimension. Therefore, it might be important for 

researchers to conduct pilot studies prior to the main experiment to determine the context-

dependent relevant dimensions.  

Throughout the different semantic differential studies of Osgood et al. (1957), the 

valence, activity, and potency dimensions turned out to explain most of the variance, but 

Osgood and colleagues emphasized that additional dimensions might explain variation in 

affective meaning of concepts. For example, Osgood and colleagues (1957, p. 64) found that 

a “stability” factor (e.g., rational-intuitive) explained some of the variance of their data, just 

as a “tautness” factor (e.g., angular-rounded) and a “novelty” factor (e.g., new-old). In this 

line, in the emotion literature, additional dimensions to the valence, activity, and potency 

dimension are proposed to differentiate between emotion words, such as “unpredictability” 

(Fontaine, Scherer, Roesch, & Ellsworth, 2007) and “approach-avoidance” (Harmon-Jones & 

Ellen, 1998, although this dimension is sometimes also equaled to the valence dimension, see 

for example Russell, 2003, p. 154; Watson, Wiese, Vaidya, & Tellegen, 1999). Which 

dimensions may be important for differentiating between the meaning of concepts, and thus 

for predicting associations, will most likely depend on the concepts of interest, the task-

specific context, and the purpose of the study. Whereas in our studies the valence and activity 

dimensions seemed to differentiate sufficiently between the meaning of concrete and abstract 

affective concepts, future research could investigate whether and when additional dimensions 

might explain variance in meaning.  
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Our studies confirm the results of Osgood and colleagues (1957) that concrete and 

abstract affective concepts can become associated through a polarity correspondence process, 

where plus and minus poles are assigned based on the valence or activity dimension. In 

contrast to what we have referred to as the dimension-specificity hypothesis, literature in the 

field of perception suggests that cross-modal associations might also emerge based on one 

universal magnitude dimension (e.g., Kadosh & Henik, 2006; Kadosh, Lammertyn, & Izard, 

2008; Walsh, 2003). Importantly, we did not aim to suggest that all (cross-modal) 

associations can be predicted based on the affective dimensions of meaning. As Spence 

(2011) noted, stimuli might become associated in a number of ways. For example, structural 

cross-modal associations are likely to become associated based on a universal magnitude 

dimension, but semantically mediated cross-modal associations are likely to become 

associated based on common linguistic terms (Spence, 2011). Our studies suggest that 

polarity correspondence on the valence or activity dimension might be one way in which 

cross-modal associations between concrete and abstract affective concepts emerge. 

Our results suggest that it is important to determine which dimension is salient in a 

task when trying to predict cross-modal associations between aggression, color, and 

brightness. In Chapters 2 and 3, we proposed that a weighting process would determine 

which of the activated dimensions becomes most salient in the task specific context. We 

aimed to verify this proposed mechanism by making directional predictions in our 

experiments. However, an important question is how the weighting process might be verified 

in a more quantitative manner, predicting not just the direction, but also the size of the 

individual weights. While working on Chapters 2 and 3, we speculated about a more 

quantitative weighting mechanism. We expected that we could determine which dimension 

would be most salient within the task by summing the estimated distances of the dimensions 

of the concept pairs per dimension. We predicted that the dimension that acquired the highest 
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weight would become salient. More specifically, we suggested that when a concept pair 

strongly activates a dimension (e.g., positive-negative on the valence dimension), the distance 

on that dimension would be indicated in our model with two plusses (++), whereas a concept 

pair that activates a dimension to a lesser extent (e.g., red - green on the valence dimension), 

the distance would be indicated with one plus (+), and for a concept pair that does not 

activate the valence or activity dimension, the distance would be indicated with a zero (0). 

We estimated these distances based on the strength of associations found in the literature 

(e.g., brightness-darkness vs positive-negative, see Adams & Osgood, 1973; Valdez & 

Mehrabian, 1994). See Figure 6.1, step 1, for the speculated estimated dimension distances 

for red-green (stimuli), positive-negative (stimuli), red-green (labels), and positive-negative 

(labels). Step 2 shows that the speculated salient dimension in this specific task might be the 

valence dimension, because it has acquired the highest weight in total (six times + for the 

valence dimension, compared to four times 0 for the activity dimension). Although we did 

not empirically test this specific weighting mechanism, it might be one way of determining 

how a specific dimension becomes salient in a task in future research that builds on Chapters 

2 and 3. 
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Figure 6.1. An illustration of a prediction based on the speculated weighting mechanism for 

the emergence of an association between red and negativity (Experiment 3.1A). 

 

At the core of the weighting process lies the idea that when the distance between 

opposing concepts is high on a specific dimension, the likelihood that this dimension 

becomes salient within a task increases. An important question is how the strength of the 

distance between the opposing concepts (e.g., ++ versus +) can be determined a priori. In this 

thesis, we estimated the distances based on the strength of associations found in the literature 

(e.g., brightness-darkness vs positive-negative, see for example Adams & Osgood, 1973). 

However, literature from the field of linguistics suggests that concepts that are strong 

opposites (e.g., fast-slow, or black-white) are likely to produce opposite responses in word 

association tasks (e.g., Paradis, Willners, & Jones, 2009). In addition, strong opposites are 

likely to be judged as better opposites in an evaluation task (Paradis et al., 2009), and are 

suggested to be recognized faster in a categorization task (Gross, Fischer, & Miller, 1989). A 
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task in which people are asked to provide a best opposite for a word might be an example of 

an additional way to determine the strength of distance between opposing concepts. Concepts 

are perceived as stronger oppositions when the antonyms they elicit show little variability 

(Paradis et al., 2009), and thus the number of antonyms elicited by a concept might be an 

indication of the strength of the distance between opposing concepts. Such a task might more 

quantitatively verify the weighting process that determines which dimensions become most 

salient in a given context.  

In the present studies, we took a dimensional approach of conceptual meaning, and we 

used the valence and activity dimensions to predict and understand associations between 

brightness, color, and abstract affective concepts. However, associations between light and 

abstract affective concepts can be understood from an emotion-specific approach as well. For 

example, the results of Chapter 4 suggested that specific parameters of light might be 

associated to specific emotions (e.g., the use of various hues within one scenario was 

specifically associated with enthusiasm). Other parameters of light such as brightness seemed 

to be related more generally to valence and activity (e.g., dependent on the context, 

brightness can be associated with both aggression and calmness). In the field of color 

psychology, Dael, Perseguers, Marchand, Antonietti, & Mohr (2016, p. 1626) propose that, to 

be able to differentiate between emotion-specific and dimensional-based associations, an “a 

priori theoretical framework allowing the formulation of specific emotion–color associations 

(e.g. whether ‘bright’ is specific to joy and not to other positive emotions)” is required. We 

believe that with regard to light-emotion associations, a similar theoretical framework would 

be useful to structure associations between parameters of light and abstract affective 

concepts. Based on our studies, we would expect that some parameters of light might be 

associated to a specific affective concept (e.g., dynamic use of colors in a scenario), whereas 

other parameters might be related to more general dimensions (e.g., brightness), and therefore 
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to multiple affective concepts. Taking into account the context in such a theoretical 

framework seems to be of crucial importance.  

The role of the context  

In the present thesis, we proposed that task specific cues shape the context in such a 

way that different dimensions become salient, which may moderate associations between 

aggression, brightness, and color. We could predict which dimension would become salient 

in a specific task based on the conceptual distances between opposing concepts on the 

dimensions of meaning (i.e., valence and activity dimension) available in the task. In our 

studies, the salience of dimensions was influenced by the opposition in the stimulus set, the 

presentation of the stimuli (i.e., screen brightness or brightness presented with a light fixture), 

and the labels in the task. In addition, brightness differences and dynamic lighting might 

function as a context cue in activating associations (Chapter 4) and by influencing person 

judgments (Chapter 5). 

There are many additional ways in which the context of a task can be manipulated. 

For example, studies show that the specification of a classification task (e.g., bright-dark 

versus edible-inedible, see P. Walker, L. Walker, & Francis, 2015), the instructions of the 

task (e.g., Banks, Clark, & Lucy, 1975; Foroni & Mayr, 2005), the presentation of the stimuli 

used (e.g., words versus pictures, see Meissner & Rothermund, 2015), but also individual 

differences such as a person’s emotional state (e.g., Hanze & Meyer, 1998; Gilet & Jallais, 

2011) might influence which dimension becomes salient within a task, and thus the way 

concepts become related. Future studies might explore additional ways in which the salience 

of the underlying dimension of meaning can be manipulated in a specific context.  

In our lab studies, we could manipulate the context in a very controlled manner. For 

example, we adjusted labels and opposed stimuli presented in the task to make dimensions 

more or less salient. Therefore, the results of the current thesis do not directly translate to 
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complex real-life situations, in which multiple and potentially conflicting contextual cues will 

draw attention. We can imagine how a similar weighting process of available context cues 

might be used to predict associations between concrete and abstract affective concepts in 

more complex situations. A first step to real-life implications of our results might be to 

investigate whether associations between light and aggression would also depend on the polar 

opposition in an experimental task where the manipulation of dimensions is less salient, for 

example by adjusting the background color of a task (see for example Lakens et al., 2012). A 

second step to examine the applicability of the current findings to real-life implications might 

be to investigate how associations between aggression and light could be activated by 

manipulating ambient light settings (see for example Steidle & Werth, 2013; Xu & Labroo, 

2014).  

Although our studies suggest that the context is of crucial importance to predict 

associations between aggression, brightness, and color, the results of Experiments 2.3A and 

2.3B suggested that the associations between screen brightness differences (i.e., black vs 

white) and aggression might be less susceptible to context cues. Although associations 

between black and aggression (and white and calmness) were smaller when the labels in the 

study were related to activity instead of valence, the associational pattern remained similar 

irrespective of the labels used in the task. In addition, Lakens and colleagues (2012) found 

that an association between black and negativity emerged regardless of whether bipolar 

oppositions were available in the task. Perhaps the color black has such a strong meaning that 

it becomes salient across contexts, while the meaning of other colors is more susceptible to 

context cues. Future research might further investigate the susceptibility of the meaning of 

specific colors to context cues. 

It is proposed that colors may have a default meaning, which gets activated in absence 

of strong or salient context cues (e.g., Elliot & Maier, 2012, p. 72). An important question is 
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how we could measure such a default meaning. Similarly, one could ask, “What color would 

a chameleon have in a room full of mirrors?” (Mitchell, Nosek, & Banaji, 2003, p. 468). If a 

chameleon has a default color, it will never be directly observed as the chameleon adopts his 

color to his surrounding context. With regards to the question whether a default meaning of 

colors exists, one could ask whether it is in principle possible to have a context-free 

representation of the meaning of a concept. It seems impossible to design an experiment 

without activating some context. In addition, when light is used as de-escalating intervention 

in public spaces, the specific context is of crucial importance for understanding the 

emergence of aggressive incidents (see Kalinauskaite, Haans, de Kort, & IJsselsteijn, 2018). 

Therefore, the question of how and which specific contextual features influence the meaning 

of a color in dynamic and complex contexts seems particularly interesting to investigate in 

future research. 

Practical implications 

The present thesis aimed to understand and explore the potential of light as subtle and 

unobtrusive intervention in situations in which aggressive behavior frequently occurs. One of 

the ways in which contextual cues such as light might be able to influence aggressive 

behavior is by the activation of concepts that in turn change behavior. In the present thesis, 

we investigated the possibility of these associative pathways. Importantly, we cannot draw 

strong conclusions about the extent to which light might actually influence aggressive 

behavior. However, our studies suggest light has the potential to activate abstract affective 

concepts, and emphasizes the importance of the context when predicting which concepts 

become activated. Our studies might therefore form a starting point when developing light-

based interventions, and thus provide a first step in understanding and exploring the potential 

of light as intervention in public spaces where aggressive behavior frequently occurs. 
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For example, the results of Chapter 4 suggest that dynamic lighting might have the 

potential to activate affective concepts such as calmness, and therefore dynamic light might 

be employed as context cue (i.e., affective cues, see Blascovich & Mendes, 2000). For 

example, based on the current set of studies, we can imagine that scenarios with a slow rate 

of change and an unsaturated color might be used to activate concepts related to calmness in 

situations in which aggressive acts might emerge, while a scenario with a saturated red color 

might have negative effects. In addition, based on our results, dynamic light scenarios with a 

bipolar opposition integrated, might activate associations related to valence or activity (see 

for example the student project of Jansen, 2015). Future research might investigate how 

different parameters of light such as a variation of hues would activate associations with 

emotional concepts. In addition, the data of Chapter 4 might be one starting point for light 

designers when creating light scenarios with the aim to activate specific emotional concepts. 

We can imagine light scenarios might be employed as context cue that activates 

specific concepts, for example related to calmness, in various naturalistic settings such as 

waiting areas in a hospital (e.g., Ayas, Eklund, & Ishihara, 2008; Leather, Beale, Santos, 

Watts, & Lee, 2003), care centers for elderly (see Kuijsters, Redi, de Ruyter, & Heynderickx, 

2015), or in urban night life settings (see de Kort et al., 2014). When using light as a context 

cue in these naturalistic settings, an important question is how contextual features specific to 

the setting influence the associations activated by a light scenario. For example, naturalistic 

settings will not only include physical elements of the context, but also social elements such 

as interactions between people. In addition, elements of the setting will change over time (see 

for example Kalinauskaite et al., 2018). Moreover, goals and moods of individuals (e.g., 

excited versus sad) might differ across various naturalistic settings, which in turn might 

influence the activation of associations (e.g., Gilet & Jallais, 2011). Future research would 
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benefit from investigating how contextual elements of naturalistic settings influence the 

meaning of a light scenario. 

Theoretical implications 

Studies show that non-evaluative dimensions such as familiarity or magnitude (e.g., 

Proctor & Cho, 2006; Rothermund & Wentura, 2004) can underlie polarity correspondence. 

Our studies suggest that polarity correspondence on specific dimensions of meaning (i.e., the 

valence or activity dimension) might predict context-dependent cross-modal associations 

between concrete and abstract affective concepts. Therefore, our studies highlight that both 

structural similarities on a salient dimension (i.e., polarity correspondence, see also Proctor & 

Cho, 2006) as well as the content of the concepts (i.e., the specific dimension along which 

concepts were aligned) are important for understanding how cross-modal associations emerge 

in specific tasks. 

Moreover, our studies suggest that the dimensional approach is valuable for predicting 

context-dependent associations between concrete and abstract affective concepts. In line with 

studies in the field of linguistics (e.g., Paradis & Willners, 2011; Paradis, van de Weijer, 

Willners, & Lindgren, 2012), we showed that bipolar opposites in a task can activate 

dimensions in a task. In experimental research in social cognition, we see a similar tentative 

assumption that dimensions can become activated through bipolar oppositions in a task, for 

example in an implicit association task (Greenwald et al., 2002) or in an affective priming 

paradigm (Fazio, Sanbonmatsu, Powell, & Kardes, 1986). Similarly, Moors, Spruyt, and De 

Houwer (2010, p. 29) suggest that "The mere fact for example that all stimuli in a 

prototypical affective priming study have a polarized valence might be sufficient to increase 

the salience of valence”. We explicitly tested this assumption, and found that indeed bipolar 

opposites in a task activated the dimensions on which they are opposed, which in turn 
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influenced the emergence of cross-modal associations between concrete and abstract affective 

concepts. 

The dimensional approach to conceptual meaning has received some criticism. For 

example, G. L. Murphy (2002) suggested that the dimensions by Osgood and colleagues were 

too general to actually describe the meaning of concepts. As G. L. Murphy (2002, p. 515) 

said: “Better you should know that cats meow and have whiskers than you should know their 

potency and evaluation.” Whereas G. L. Murphy (2002) focuses on a categorical approach to 

the process of meaning giving based on features, Osgood and colleagues stress the 

importance of affect. Even though we believe both approaches are necessary to fully 

understand how people give meaning to concepts (see also Osgood, 1969, p. 169), in the 

present thesis we have focused on the affective meaning of concepts. The three dimensions of 

meaning identified by Osgood and colleagues might not be sufficient to differentiate between 

concepts based on features, but they are suitable to measure the affective component of 

meaning (Osgood, 1969). The affective meaning of stimuli seems to be a potential basis for 

cross-modal associations, and understanding the affective meaning of concepts might be an 

important aspect of understanding human cognition.  

Various psychological mechanism through which light might affect behavior are 

proposed in the literature. For example, darkness might increase feelings of anonymity, 

which might induce dishonest behavior (Zhong, Bohns, & Gino, 2010), and might increase 

the likelihood of delivering shocks (Page & Moss, 1976). In addition, bright light might 

increase feelings of self-awareness, and therefore induce a reflective and controlled self-

regulation (Steidle & Werth, 2014). In addition, it is proposed that the color temperature of 

light might affect emotional states (Baron, Rea, & Daniels, 1992), and level of construal 

(Steidle, Werth, & Hanke, 2011). Our studies suggest that associational pathways potentially 

might be one of those psychological mechanisms underlying the effect of light on behavior. 
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Conclusion 

In the introduction of this thesis, we proposed that context cues such as brightness and color 

might influence components of aggressive behavior by activating (emotional) concepts 

related to aggression or calmness. The results of the present thesis suggest that (dynamic) 

light scenarios might indeed activate concepts related to aggression and calmness. 

Importantly, the results emphasize the importance of the context when predicting associations 

between aggression, brightness, and color. In addition, brightness might potentially influence 

the perception of people. The present thesis presents a first step in exploring and 

understanding the potential of light as intervention in public spaces where aggressive 

behavior regularly leads to problems. 
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Pilot Study 1 

In pilot Study 1, participants rated either two brightness differences on a screen (e.g., 

a black screen, or a white screen), or two settings of the light fixture (e.g., a dim light, or a 

bright light) in terms of valence, activity, potency, and aggression. These explicit association 

studies were meant to provide more insight into the dimension distances of screen brightness 

(black-white) and light in a fixture (bright-dim). Pilot 1 additionally included 32 dynamic 

scenarios (e.g., an increase in luminance, or a change from black to white), but those specific 

results are not relevant for the current chapter, and are therefore not reported. 

Method 

Participants 

Two samples of participants answered a series of questions on either different settings 

of screen brightness (20) or different settings of an LED fixture (42).  

Materials 

Participants were asked to explicitly rate light scenarios on valence, activity, potency, 

and aggression. The light scenarios for screen brightness consisted of two static scenarios: 

white (111.8 cd/m²) and black (0.28 cd/m²), which were displayed full screen using 

Authorware software. The light scenarios for illumination brightness consisted of two 

settings: bright (835 cd/m²) and dim (19.52 cd/m²), displayed by means of a Philips Hue A19 

(see https://osf.io/agvz3/ for a picture of the set-up). The dim scenario was not completely 

dark: We expected that it would be difficult to explicitly rate a light scenario where the light 

is off, as there would be nothing to see. After each light scenario, participants answered on a 

9-point Likert scale how negative/positive, passive/active, weak/powerful, and 

calm/aggressive they thought the scenario was.  

https://osf.io/agvz3/
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Procedure 

Participants were approached in the lunch facility of the Eindhoven University of 

Technology for the screen brightness test. They completed the experiment voluntarily in an 

Authorware questionnaire on the experimenter’s laptop. Participants completed the light 

fixture text in an Authorware questionnaire individually and voluntarily in dimmed cubicles. 

Results 

Screen Brightness. To investigate the associations people have with white compared 

to black, we conducted 4 paired samples t-tests comparing the means of the ratings on 

valence, activity, potency, and aggression for white and black. The first paired samples t-test 

showed that static white (M = 6.30, SD = 1.56) is perceived as more positive compared to 

black (M = 3.50, SD = 1.76), 95% CI [1.45, 4.15], JZS BF10 = 93.54, t(19) = 4.35, p < .001, 

Hedges' g = -1.62, 95% CI [-2.59, -0.74]. There were no significant differences between 

black and white for the scores on activity (JZS BF10 = 0.26, t(19) = .47, p = .641, Hedges’ g 

=.12, 95% CI = [-0.36, .58]) and potency (JZS BF10 = 0.38, t(19) = 1.06, p = .301, Hedges’ g 

= .3, 95% CI = [-0.28, .89]). Unexpectedly, white (M = 3.65, SD = 2.46) was not rated as less 

aggressive compared to black (M = 4.70, SD = 2.49), 95% CI [-.08, 2.18], JZS BF10 = 1.11, 

t(19) = 1.94, p = .07, Hedges’ g = .42, 95% CI [-.03, .87], although the effect size is close to 

the medium effect size in psychology. The dimension distances seem to be the higher on the 

valence dimension as compared to the activity dimension.  

Light Fixture. To investigate the associations people have with bright light compared 

to dim light, we conducted 4 paired samples t-test comparing the means of the ratings on 

valence, activity, potency, and aggression. Unexpectedly, static bright (M= 4.43, SD= 1.95) 

is evaluated as slightly more negative compared to static dimmed light (M= 5.33, SD= 1.56), 

95% CI [0.04, 1.77], JZS BF10 = 1.24, t(41) = 2.11 , p = .041, Hedges' g = 0.5, 95% CI [.02, 

1]. This could be due to the relatively high brightness of the LED which might be considered 
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uncomfortable. As expected, participants perceived static bright light (M= 4.55, SD = 3.34) to 

be more active than static dimmed light (M = 2.07, SD = 1.57), 95% CI [-3.41, -1.54], JZS 

BF10 = 5151.88, t(41) = -5.35, p < .001, Hedges' g = -0.93, 95% CI [-1.35, -0.54]. Moreover, 

participants perceived bright light (M = 6.21, SD = 2.93) as more powerful than dimmed light 

(M = 2.07, SD = 1.22), t(41) = -9.31, 95% CI = [-5.04, -3.24], JZS BF10 = 798550125.34, p < 

.001, Hedges' g = -1.81, 95% CI [-2.4, -1.29]. In line with our predictions, static bright (M = 

5.52, SD = 2.73) was also rated as more aggressive compared to static dimmed light (M = 

2.19, SD = 1.38), 95% CI [-4.26, -2.41], JZS BF10 = 1753966.72, t(41) = 7.26, p < .001, 

Hedges' g = -1.51, 95% CI [-2.06, -1]. The dimension distances seem to be higher on the 

activity dimension as compared to the valence dimension. See Figure A1 for the mean scores 

on valence, activity, potency, and aggression for black, white, bright light, and dim light. 

 

Figure A1. Means for the evaluation scores on valence, activity, potency, and 

aggression for screen brightness (white and black) and a light fixture (dark and light grey). 

Error bars represent standard error of the mean. 
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Appendix B 

Pilot Study 2 - Explicit evaluations of word stimuli 
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Pilot Study 2 

In pilot Study 2, participants rated a hundred aggression and calmness related words 

on valence, activity, potency, and aggression. First, these explicit evaluations were meant to 

provide suitable word stimuli for Experiments 2.1, 2.2, and 2.3 of Chapter 2, and Experiment 

3.1D of Chapter 3, as reported in the method section of those experiments (i.e., words that 

were most strongly associated with aggression and calmness, and differed in terms of valence 

and activity). Second, the explicit evaluations were meant to give insight into the dimension 

distances of the concept pairs aggressive-calm, bright-dim, intense-dim, and therefore the 

category labels of Experiments 2.1, 2.2, and 2.3 (Chapter 2) and 3.1D (Chapter 3). Although 

the concept pairs were not completely identical to the category labels used in Experiment 2.2 

and 2.3 (i.e., brighter-dimmer; intense-dimmer), we believe the results of this explicit 

evaluation task would provide insight into the dimension-distances of the target and attribute 

category labels. The results of the explicit evaluations of the concept pairs aggressive-calm, 

bright-dimming, intense-dimming are reported below. 

Method 

Participants 

Forty Dutch participants, students of Technical University of Eindhoven volunteered 

to participate for a monetary compensation of 3 euros. 

Materials  

The presentation of the word stimuli and registration of responses were controlled by 

the online software Qualtrics. Participants were asked to explicitly rate a hundred Dutch 

words (e.g., on valence, activity, potency, and aggression). The words (i.e., verbs and 

adjectives) were chosen based on their expected meaning in terms of valence, activity, 

potency, and aggression. For each word, participants answered on a 9-point Likert scale how 

negative/positive, passive/active, weak/powerful, calm/aggressive they thought the word was. 
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Procedure 

Participants completed the pilot test in individual cubicles. Participants were asked to 

complete an online questionnaire, in which they were asked to rate a hundred Dutch words on 

valence, activity, potency, and aggression.  

Results  

Bright (Dutch translation: Helder) is evaluated as more positive (M = 7.18, SD = 1.05) 

than dark (donker, M = 3.95, SD = 1.56), but dark is evaluated as more aggressive (M = 5.71, 

SD= 1.54) than bright (M = 2.71, SD = 1.18). Bright is not significantly evaluated as more 

active (M = 4.02, SD = 1.75) than dark (M = 3.97, SD = 1.94).  

On the other hand, intense (fel) was evaluated as more active (M = 7.54, SD = 1.27) 

compared to dimming (dimmen, M = 4.82, SD = 1.71). In addition, intense is evaluated as 

more aggressive (M = 6.91, SD = 1.44) than dimming (M = 3.97, SD = 1.22). Intense is not 

significantly evaluated as more negative (M = 4.3, SD = 1.82) than dimming (M = 4.95, SD = 

1.43).  

Aggressive (agressief) was evaluated as more negative (M = 2.15, SD = 1.46) than 

calm (kalm, M = 7.18, SD = 1.37). In addition, aggressive was evaluated as more active (M = 

7.87, SD = .92) than calm (M = 2.69, SD = 1.28), and more aggressive (M = 8.2, SD = 1.43) 

than calm (M = 1.77, SD = 1.44). See Table B1 for a full description of the results. 
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Appendix C 

Additional Analyses 
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Additional analyses Chapter 2 

For each experiment of Chapter 2, we report the robust statistics, using the Yuen-

Welch method (Wilcox, 2012; Wilcox & Tian, 2011). The raw data and script files can be 

found on OSF https://osf.io/agvz3/.  

Experiment 2.1 

Experiment 2.1A: Bright-dark vs aggressive-calm 

Using the Yuen-Welch method for comparing 20% trimmed means showed the mean 

difference in reaction times between conditions (M = -228.42, 95% CI [-300.14, -156.7]) was 

statistically different from zero, t(12) = -6.94, p < .001, ξ = -1.31. This can be considered a 

large effect. 

Experiment 2.1B: Saturated-unsaturated vs aggressive-calm (Version 1) 

Using the Yuen-Welch method for comparing 20% trimmed means showed the mean 

difference in reaction times between conditions (M = -244.36, 95% CI [-325.18, -163.53]) 

was statistically different from zero, t(17) = -6.38, p < .001, ξ = -1.94. This can be considered 

a large effect. 

Experiment 2.1B: Saturated-unsaturated vs aggressive-calm (Version 2) 

Using the Yuen-Welch method for comparing 20% trimmed means showed the mean 

difference in reaction times between conditions (M = -154.16, 95% CI [-155.67;-152.65]) was 

statistically different from zero, -6.46, p < 0.001, ξ = 0.67. This can be considered a large 

effect. 

Experiment 2.2 

Experiment 2.2A: Bright-dark vs aggression - calm Screen brightness 

Using the Yuen-Welch method for comparing 20% trimmed means showed the mean 

difference in reaction times between conditions (M = -152.66, 95% CI [-195.47, -109.84]) 

https://osf.io/agvz3/
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was statistically different from zero, t(26) = -7.33, p < .001, ξ = -1.11. This can be considered 

a large effect. 

Experiment 2.2B: Bright-dark versus aggression-calm Light fixture 

Using the Yuen-Welch method for comparing 20% trimmed means showed the mean 

difference in reaction times between conditions (M = -69.98, 95% CI [-128.66, -11.31]) was 

statistically different from zero, t(23) = -2.47, p = .02, ξ = -.37. This can be considered a 

medium effect. 

Experiment 2.3 

Experiment 2.3A: Intense-dim vs aggression-calm Screen brightness 

Using the Yuen-Welch method for comparing 20% trimmed means showed the mean 

difference in reaction times between conditions (M = -126.69, 95% CI [-194.88, -58.5]) was 

statistically different from zero, t(24) = -3.83, p < .001, ξ = -0.7. This can be considered a 

large effect. 

Experiment 2.3B: Intense-dim versus aggression-calm Light fixture 

Using the Yuen-Welch method for comparing 20% trimmed means showed the mean 

difference in reaction times between conditions (M = 86.73, 95% CI [41.57, 131.89]) was 

statistically different from zero, t(26) = 3.95, p < .001, ξ = 0.66. This can be considered a 

large effect. 
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Additional Analyses Chapter 3 

For each experiment of Chapter 3, we report the robust statistics, using the Yuen-

Welch method (Wilcox, 2012; Wilcox & Tian, 2011). The raw data and script files can be 

found on OSF https://osf.io/agvz3/. 

Experiment 3.1 

Experiment 3.1: Red, green, blue, and valence 

Red-green vs positive-negative  

Using the Yuen-Welch method for comparing 20% trimmed means showed the mean 

difference in reaction times between conditions (M = 85.07, 95% CI [47.18, 122.96]) was 

statistically different from zero, t(25) = 4.62, p < .001, ξ = .79. This can be considered a large 

effect. 

Red-blue vs positive-negative 

Using the Yuen-Welch method for comparing 20% trimmed means showed the mean 

difference in reaction times between conditions (M = 49.85, 95% CI [11.09, 88.61]) was 

statistically different from zero, t(25) = 2.65, p = .01, ξ = .42. This can be considered a 

medium effect. 

Experiment 3.2: Red-blue versus positive-negative  

Using the Yuen-Welch method for comparing 20% trimmed means showed the mean 

difference in reaction times between conditions (M = -6.26, 95% CI [-71.27, 58.76]) was 

statistically different from zero, t(17) = -.2, p = .84, ξ = -.05. This can be considered a tiny 

effect. 

Experiment 3.3: Red-blue, vs positive-negative  

Using the Yuen-Welch method for comparing 20% trimmed means showed the mean 

difference in reaction times between conditions (M = 21.36, 95% CI [20.29, 22.43]) was 

https://osf.io/agvz3/
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statistically different from zero, t(24) = 1.27, p = 0.218, ξ = 0.16. This can be considered a 

small effect. 

Experiment 3.4: Red-blue versus aggressive-calm 

Using the Yuen-Welch method for comparing 20% trimmed means showed the mean 

difference in reaction times between conditions (M = -77.35, 95% CI [-122.03, -32.67]) was 

statistically different from zero, t(20) = -3.61, p < .001, ξ = -.67. This can be considered a 

large effect. 

Experiment 3.5: Red-blue versus enthusiastic-relaxed 

Using the Yuen-Welch method for comparing 20% trimmed means showed the mean 

difference in reaction times between conditions (M = -83.21, 95% CI [-143.94, -22.48]) was 

statistically different from zero, t(23) = -2.83, p = .01, ξ = -.57. This can be considered a large 

effect. 
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Additional Analyses Chapter 4 

In this section, we provide Table C1, presenting the frequencies of parameters (i.e., 

manipulation of intensity versus saturation, the rate of change, the level of intensity or 

saturation, the amplitude of change, color, and smoothness of change) used by students to 

design a scenario for the concepts positive, negative, active, passive, calm, angry, happy, and 

sad. 
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Study 4.3  

In this section, we will report on the extent to which rate of change, hue, and 

saturation were associated with potency, and we will report on the mean judgments of alert, 

pleased, sleepy, and miserable.  

To investigate the extent to which rate of change, hue, and saturation were associated 

with potency. We conducted a separate factorial repeated measures ANOVA, with rate of 

change, hue, and saturation as main effects, and potency judgments as outcome variables. To 

further investigate the main effects, we included four interactions, namely the interaction 

between hue and rate of change, hue and saturation, between saturation and rate of change, 

and lastly the three-way interaction between hue, saturation, and rate of change. As a 

consequence of the number of effects we tested, we interpreted the main and interaction 

effects using an alpha of 0.05 divided by 7 (i.e., α = .007). When the interaction effect was 

significant, we conducted a post-hoc test, in which we corrected for multiple comparisons 

using an alpha of 0.05 divided by 3 (i.e., α = 0.016). See Table C2 for the results of the 

repeated measures ANOVA.  

 

Table C2.  

Degrees of freedom, F-value, p-value, and effect size of effect of hue, saturation, and hue on 

potency judgments. 

 df F p ηp
2 

Potency     
Hue 2, 72 24.03 <.001 .40 
Saturation 1, 36 64.32 <.001 .64 
Rate of Change 2, 72 84.25 < .001 .70 
Hue x saturation 2, 72 6.02 .004 .14 
Hue x rate of 
change 

4, 144 1.17 .327 .03 

Saturation x rate 
of change 

2, 72 10.30 < .001 .22 

Saturation x rate 
of change x hue 

4, 144 0.56 .69 .02 
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The results of the repeated measures ANOVA analyzing potency judgments across the 

18 scenarios, showed main effects of saturation, hue, and rate of change on valence 

judgments. However, the main effects of saturation and hue were qualified by an interaction. 

In addition, the main effects of saturation and rate of change were qualified by an interaction.  

 
Figure C1. Graphical representation of the mean potency judgments of saturated scenarios 

with a slow, medium, and fast rate of change (left) and unsaturated scenarios with a slow, 

medium, and fast rate of change (right). Error bars represent standard error of the mean. 

 

As can be seen in Figure C1, and as shown by post hoc pairwise comparisons, 

saturated red scenarios were judged to be stronger (M = 6.60, SE = .15) than saturated blue (M 

= 5.51, SE = 19, p < .001, 95% CI [0.69; 1.50], Hedges’ g = 1.08) and yellow scenarios (M = 

5.17, SE = 17, p  < .001, 95% CI [0.98; 1.87], Hedges’ g = 1.47). Unsaturated red, blue, and 

yellow scenarios did not differ in terms of potency judgments. Saturated scenarios were 

judged to be stronger (M = 5.76, SE = .12) than unsaturated scenarios (M = 4.21, SE = .16, p < 

.001, 95% CI [1.16; 1.94], Hedges’ g = 1.75).   

Faster scenarios were judged to be stronger (M = 6.12, SE = 12) than medium (M = 

4.63, SE = .14, p <.001, 95% CI [1.17; 1.81], Hedges’ g = 1.81) and slow scenarios (M = 4.19, 

SE = .14, p < .001, 95% CI [1.60; 2.26], Hedges’ g = 2.35). In addition, medium red scenarios 
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were judged to be stronger (M = 5.35, SE = .19) than slow red scenarios (M = 4.55, SE = .21, 

p = .002, 95% CI [.31; 1.29], Hedges’ g = 0.65).  

To further investigate the extent to which participants associated specific scenarios 

with specific emotions, we explored the judgments of the scenarios for alert, pleased, 

miserable, and sleepy, by calculating the mean judgments of calm, angry, enthusiastic, and 

sad. Below, we will discuss the extent to which scenarios were associated with specific 

emotions. 

Alert 

 

Figure C2. Mean judgments of alert for all dynamic light scenarios. Error bars represent 

standard error around the mean. The colors of the bars represent the six colors of the scenarios 

(i.e., from left to right; saturated red, saturated blue, saturated yellow, unsaturated red, 

unsaturated blue, unsaturated yellow).  

 

As can be seen in Figure C2, the faster scenarios seemed most strongly associated with 

alert. In addition, red saturated scenarios seemed more strongly associated with alert as 

compared to other hues.  
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Pleased 

 

Figure C3. Mean judgments of pleased for all dynamic light scenarios. Error bars represent 

standard error around the mean. The colors of the bars represent the six colors of the scenarios 

(i.e., from left to right; saturated red, saturated blue, saturated yellow, unsaturated red, 

unsaturated blue, unsaturated yellow).  

 

As can be seen in Figure C3, there did not seem to be one specific scenario which was 

most strongly associated with pleased. The scenario with an unsaturated red hue and medium 

rate of change seemed to be more than moderately associated with pleased, but this 

association seemed weak.  
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Sleepy 

 

Figure C5. Mean judgments of sleepy for all dynamic light scenarios. Error bars represent 

standard error around the mean. The colors of the bars represent the six colors of the scenarios 

(i.e., from left to right; saturated red, saturated blue, saturated yellow, unsaturated red, 

unsaturated blue, unsaturated yellow).  

 

As can be seen in Figure C5, there did not seem to be one specific scenario which was 

most strongly associated with sleepy. Faster rates of change seemed to be least strongly 

associated with sleepiness.  
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Miserable 

 

Figure C6. Mean judgments of miserable for all dynamic light scenarios. Error bars represent 

standard error around the mean. The colors of the bars represent the six colors of the scenarios 

(i.e., from left to right; saturated red, saturated blue, saturated yellow, unsaturated red, 

unsaturated blue, unsaturated yellow).  

 
As can be seen in Figure C6, the fast scenario with a red saturated hue seemed to be 

most strongly associated with the concept miserable, although this association seemed weaker 

as compared to the association between anger and fast saturated red scenario (see Figure 

4.11).  

Study 4.3 

In Study 4.3, we investigated the extent to which rate of change, hue, and saturation 

were associated with calm, angry, enthusiastic, and sad. We conducted 4 separate factorial 

repeated measures ANOVAs, with rate of change, hue, and saturation as main effects, and 

calm, angry, enthusiastic, and sad as outcome variables respectively. To further investigate 

the main effects, we included four interactions, namely the interaction between hue and rate 

of change, hue and saturation, between saturation and rate of change, and lastly the three-way 
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interaction between hue, saturation, and rate of change. Because of the number of effects we 

tested, we interpreted the main and interaction effects using an alpha of 0.05 divided by 7 

(i.e., α = .007). See Table C3 for the results of the four repeated measures ANOVAs.  

 

Table C3.  

Degrees of freedom, F-value, p-value, and effect size of effect of hue, saturation, and hue on 

judgments in terms of angry, calm, enthusiastic, and sad judgments. 

 df F p ηp 
2 

Angry     
Hue 2, 72 91.55 < .001 0.72 

Saturation 1, 36 113.12 < .001 0.78 
Rate of Change 2, 72 72.07 < .001 0.67 

Hue x saturation 2, 72 61.42 < .001 0.63 
Hue x rate of 

change 
2.96, 106.50 4.24 .007 0.11 

Saturation x rate 
of change 

2, 72 5.81 .005 0.14 

Saturation x rate 
of change x hue 

4, 144 .53 .715 .014 

 
Enthusiastic 

    

Hue 2, 70 13.55 < .001 0.28 
Saturation 1, 35 8.03 .008 0.19 

Rate of Change 1.55, 54.39 10.18 .001 0.22 
Hue x saturation 2, 70 24.94 < .001 0.42 

Hue x rate of 
change 

4, 140 1.92 .111 0.05 

Saturation x rate 
of change 

2, 70 6.56 .002 0.16 

Saturation x rate 
of change x hue 

4, 140 .78 .538 .022 

     
Calm     

Hue 2, 72 33.45 < .001 0.48 
Saturation 1, 35 58.72 < .001 0.63 

Rate of Change 2, 72 179.21 < .001 0.83 
Hue x saturation 1.71, 61.65 15.85 < .001 0.31 

Hue x rate of 
change 

4, 144 4.08 .004 0.10 

Saturation x rate 
of change 

1.61, 57.78 21.72 < .001 0.38 

Saturation x rate 
of change x hue 

4, 144 1.49 .209 .04 
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Sad 

    

Hue 1.37, 47.95 11.75 < .001 0.25 
Saturation 1, 35 3.55 .068 0.09 

Rate of Change 2, 70 3.08 .052 0.08 
Hue x saturation 2, 70 7.91 .001 0.18 

Hue x rate of 
change 

4, 140 2.98 .021 0.08 

Saturation x rate 
of change 

2, 70 .749 .477 0.02 

Saturation x rate 
of change x hue 

4,140 1.56 .188 .043 
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Additional Analyses Chapter 5 

The present section reports on the analyses investigating the influence of gender of the 

models on the effect of brightness differences on valence, activity, potency, and aggression 

judgments for Study 5.1 and Study 5.2. 

Study 5.1 

To investigate the effect of gender on aggression, valence, and activity judgments, we 

conducted four separate linear mixed models with aggression, valence, activity, and potency 

judgments as outcome measurements. Participant number was included as random intercept, 

and photograph number indicated the repeated structure (with factor analytic, first order 

covariance structure). Brightness and gender of the models in the photographs were included 

as fixed factors, and the interaction between brightness and gender was included. All analyses 

were conducted with IBM SPSS statistics for windows, version 23.  

The results of the four separate linear mixed models showed that brightness 

differences significantly predicted valence (F(1, 227) = 12.28, p = .001), activity (F(1, 157) = 

11.39, p = .001), and potency (F(1, 218) = 10.75, p = .001) judgments. The effect of 

brightness differences on aggression judgments was not significant (F(1, 245) = 2.02, p = 

.157). As in the reported analyses in the results section, people in brighter photographs were 

judged more positively, active, and stronger than people in darker photographs, whereas the 

effect of brightness differences on aggression judgments was not significant.  

In addition, gender of models in the photographs significantly predicted valence (F (1, 

175) = 21.97, p <.001), activity (F(1, 195) = 12.11, p = .001), potency (F (1, 259) = 19.24, p < 

.001), and aggression judgments (F(1, 258) = 5.19, p = .024). Female models in photographs 

were judged as less positive (Estimated Marginal Mean = 46.89, SE = 1.71) than male models 

(EMM = 54.70, SE = 1.78). In addition, female models were judged as less active (EMM = 

42.05, SE = 1.90) and less strong (EMM = 47.52, SE = 1.59) than male models (EMMactivity  = 

49.12 , SEactivity =  1.91; EMMpotency = 55.66, SEpotency =  1.58). In addition, female models were 
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judged as less aggressive (EMM = 36.95, SE = 1.51) than male models, EMM = 41.63, SE = 

1.51. The interaction effect between brightness and gender on valence, activity, potency, and 

aggression judgments was not significant.  

Study 5.2 

To investigate the effect of gender on aggression, valence, and activity judgments, we 

conducted four separate linear mixed models with aggression, valence, activity, and potency 

judgments as outcome measurements. Participant number was included as random intercept, 

and photograph number indicated the repeated structure (with factor analytic, first order 

covariance structure). Brightness and gender of the models in the photographs were included 

as fixed factors, and the interaction between brightness and gender was included. All analyses 

were conducted with IBM SPSS statistics for windows, version 23.  

The results of the four separate linear mixed models showed that brightness 

differences significantly predicted valence (F(1, 889) = 160.08, p < .001), activity (F(1, 714) 

= 76.58, p < .001), potency (F(1, 303) = 9.99, p = .002), and aggression (F(1, 699) = 67.96, p 

< .001) judgments. As in the reported analyses in the results section, people in brighter 

photographs were judged more positively and more active than people in darker photographs. 

However, the results showed an interaction effect between gender and brightness on 

aggression judgments, F(1, 925) = 11.74, p = .001, and on potency judgments, F(1, 425) = 

12.56, p < .001. The effect of brightness differences on aggression judgments was in similar 

direction for female and male models, but the effect for male models was more pronounced. 

In contrast, female models in brighter photographs were evaluated more potent (EMM = 

55.42, SE = 1.17) than female models in darker photographs (EMM = 48.34, SE = 1.18), but 

this effect disappeared when male models were the judged targets (EMMbright = 57.59, SEbright 

= 1.17; EMMdark = 57.80, SE = 1.16).  

In addition, gender of models in the photographs significantly predicted valence (F(1, 

288) = 53.15, p < .001) and activity (F(1, 449) = 34.42, p < .001) judgments. In contrast to 
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Study 1, female models in photographs were judged as more positive (EMM = 57.85, SE = 

1.13) than male models (EMM = 50.37, SE = 1.04). In addition, female models were judged as 

less active (EMM = 43.61, SE = 1.13) and less strong (EMM = 51.88, SE = .93) than male 

models (EMMactivity = 50.11, SEactivity = 1.01; EMMpotency = 57.69, SEpotency = .87). Lastly, 

female models were judged as less aggressive (EMM = 35.31, SE = 1.19) than male models, 

EMM = 46.70, SE = 1.13. 

Study 5.2 

This section reports on the results of Study 5.2 when removing judgments of familiar 

people from the data. We conducted four separate linear mixed model analyses with 

aggression, valence, activity, and potency judgments as outcome measurements, and 

brightness as fixed factor (predictor). The participant identifier variable was included as 

random intercept in the analyses. The analyses included a repeated measurement structure for 

Photograph number with a factor analytic (first order) covariance structure. All analyses were 

conducted with IBM SPSS statistics for windows, version 23.  

In line with the reported results of Study 5.2, the results without familiar models 

showed that brightness differences significantly predicted valence (F(1, 901) = 157.39, p < 

.001), activity (F(1, 641) = 73.77, p < .001), and potency (F(1, 376) = 12.17, p = .001) 

judgments. The results showed that brightness differences significantly predicted aggression 

judgments (F(1, 754) = 71.97, p < .001). As expected, participants judged people in brighter 

photographs more positively (EMM = 60.06, SE= 1.08) than people in darker photographs 

(EMM = 47.50, SE = 1.08). In addition, people in brighter photographs were evaluated more 

active (EMM = 51.22, SE = 1.05) and stronger (EMM = 57.41, SE = .92) than people in darker 

photographs (EMMactivity= 41.47, SEactivity= 1.06; EMMpotency= 53.60, SEpotency=.92 

respectively). Lastly, people in brighter photographs were evaluated less aggressive (EMM = 

36.89, SE = 1.17) than people in darker photographs (EMM = 46.07, SE = 1.17).  
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Appendix D 

Measures Chapter 4 
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Study 4.1 

Assignment - Design Dynamic Light  

For this question, we ask you to imagine you are an experienced light-designer.  You 

are asked to design a light scenario which matches a specific word. For this challenge, 

everything is possible, there are no technical limitations, and all your imaginations can come 

true. How would your dynamic light scenario look? To answer this question, we ask you to 

draw a dynamic pattern which you think matches the word the best. Below, you can find the 

steps of designing and uploading your dynamic pattern. 

Step 1.  In Appendix 1, next to your ID behind your name, you can find your word for 

which you are asked to design a dynamic light scenario. In Appendix 2, you can find a 

picture of an empty graph. You can print (or save) the empty graph displayed in Appendix 2. 

Please write your specific word in the box ‘your word’.  

Step 2. Choose one aspect of light you want to use for designing the dynamic pattern 

matched to your word (i.e., the y-axis). For this, you can use either intensity (i.e., dim - 

bright) or saturation (i.e., colorless - colorful). In other words, you can change the light in 

terms of saturation or intensity. Write the aspect you have chosen in the empty box placed 

along the y-as. 

Step 3. Choose a color for the dynamic light scenario. This can be any color you want 

(so it can also be white light if you think it is the best match with your word). Use this color 

to color the background of the graph. 

Step 4. Draw the dynamic pattern (i.e., how you would let the light change over time) 

in the graph in such a way that it matches your word. You can do this by drawing a line in the 

graph. Make sure that the starting point of the scenario is the same as the endpoint of your 

scenario. You can design the light to change a lot, a little, slow, fast, gradual or sudden. 

Everything is possible, and you can design any pattern you think fits the word the best. Also, 

very important, please indicate on the x-axis the time unit and specific numbers you have 

chosen for your scenario (milliseconds, seconds, minutes, etc.).  

Step 5. Save it as a picture, and upload it on oncourse. 
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Study 4.3 

This section presents the questionnaire used in Study 4.3 (Original version in Dutch, 

English translation in italics).  

Questionnaire 1 

 Hele
maal 
niet 
Not 
at all 

       Heel 
erg 
Very 
much 

 0 1 2 3 4 5 6 7 8 
Boos Angry          
Alert Alert          
Enthousiast 
Enthusiastic 

         

Verheugd 
Pleased 

         

Kalm Calm          
Slaperig Sleepy          
Verdrietig Sad          
Ellendig 
Miserable 

         

Anders, 
namelijk: 
…………….. 
Other, namely 

         

 
Questionnaire 2 

 extreem 
extreme 

aanzien
lijk 
substan
tial 

gemidd
eld 
medium 

beetje a 
little 

neutral 
neutral 

beetje a 
little 

gemidd
eld 
medium 

aanzien
lijk 
substan
tial 

extreem 
extreme 

 

Negatief
negative 

         Positief 
positive 

Passief 
passive 

         Actief 
active 

Zwak 
weak 

         Sterk 
strong 
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Summary 

Cross-modal associations between aggression, color, and brightness 

Aggressive incidents in public areas, such as in streets with lots of bars, lead to great 

personal and societal costs. Recently, the use of ambient light has been proposed as a subtle 

and unobtrusive intervention to de-escalate potentially aggressive situations. Context cues 

such as light might influence components of aggressive behavior by activating concepts 

related to aggression or calmness. In the present thesis, we investigated cross-modal 

associations between different features of light (e.g., color) and abstract affective concepts 

(e.g., aggression). More specifically, in a first series of studies, we investigated how task-

specific features might influence associations between brightness, color, and aggression. 

Secondly, we explored the potential of (dynamic) light as context-cue to activate associations 

and influence judgments. 

The first series of studies (Chapters 2 and 3) aimed to predict cross-modal 

associations between aggression, brightness, and color. The main finding of these 

experiments is that associations between aggression, brightness, and color, are strongly 

affected by the task-specific context. For example, brightness as compared to darkness could 

be associated with aggression when the task-specific context is related to activity (e.g., fast-

slow), whereas in a context related to valence (e.g., good-bad), brightness can be associated 

with calmness. The results suggest that context is of crucial importance when predicting 

associations between aggression, brightness, and color.  

The aim of the second series of experiments was to investigate the potential of light as 

context-cue. In Chapter 4, we investigated associations people might have between dynamic 

light scenarios and abstract affective concepts. First, we investigated with two qualitative 

studies which parameters of dynamic light (e.g., rate of change) might be related to abstract 

affective concepts (e.g., calm), and second, we studied associations between a subset of those 



 Summary 

232 
 

parameters and abstract affective concepts quantitatively. The results showed that people 

associate specific parameters of dynamic light with abstract affective concepts. In addition, 

specifically the abstract affective concepts calm and anger were associated with dynamic 

light scenarios. These results suggest that dynamic light scenarios potentially might activate 

abstract affective concepts. 

In Chapter 5, we aimed to investigate the effect of brightness differences on person 

perception. We expected that relatively high luminance levels would increase positive 

judgments of pictures of people, while a relatively low luminance level might lead to more 

negative impressions. In two studies, we asked people to report their explicit judgments of 

relatively bright and dark photographs of people in terms of valence, activity, potency, and 

aggression. Our data suggest that brightness differences influence the judgments of 

personality characteristics of strangers based on their photographs.  

The work described in the present thesis suggests the importance of the context when 

predicting associations between aggression, brightness, and color. Moreover, dynamic light 

scenarios might have the potential to activate abstract affective concepts such as calmness. 

Lastly, light might potentially influence the perception of people. The present studies present 

a first step in exploring and understanding the potential of light as intervention in public 

spaces where aggressive behavior regularly leads to problems. 
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