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Abstract 

Earlier research has shown that prolonged stress responses and an inability to recover from stress could 

have detrimental effects on our health and well-being (e.g. McEwen, 1998; Sarafino, 2008; Verstappen, 

2009). The employment of stress interventions is therefore essential, and exploring opportunities for 

flexible and low-cost stress interventions is of importance.  

Recently, Wan (2011) investigated whether colored pulsating light could be a means to support 

stress recovery and suggested that orange pulsating light was most promising to support stress recovery. 

However, as the study was explorative, underlying mechanisms of the observed effects were not 

investigated. The current research argues that the concept of affective cues is an important underlying 

mechanism that could be used as an explanation for the observed effects and influence related processes. 

Earlier research demonstrated that affective cues are able to influence the cognitive appraisal process to 

such extent that in stressful situations, challenge instead of threat appraisals are activated, thereby 

increasing coping ability and reducing anxiety (e.g. Blascovich & Mendes, 2002). Examining underlying 

mechanisms, such as affective cues, could provide insights in the way cognitive appraisals are formed and 

could be influenced. This facilitates the employment of new, flexible and low-cost stress interventions.  

By means of two experiments, the present research investigated whether colored pulsating light 

could function as an affective cue thereby influencing people’s cognitive appraisals, perceived coping 

ability and adoption of coping strategies. Results provided evidence that compared to orange pulsating 

light, yellow pulsating light elicited associations stronger related to threat. However, there was no 

substantial evidence to support the proposed underlying mechanism. That is, results provided no evidence 

that colored pulsating light could function as an affective cue as it did not robustly elicit positive affect 

nor did it influence cognitive appraisals, coping ability and coping strategies. The current research did 

provide insights in the determinants of perceiving colored pulsating light as an affective cue. In particular, 

the current research suggested that it is the strength of the paired associations that is of importance in 

order to influence affect, cognition and behavior. Future research is necessary to investigate the effects of 

(strong) associations elicited by colored pulsating light on affective, cognitive and behavioral processes 

more thoroughly. Gaining insights in the affective, cognitive and behavioral effects of colored pulsating 

light facilitates the employment of new, flexible and low-cost stress interventions. 
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1. Introduction 

Imagine that you are trying to get rid of an annoying sales man at the door while your phone starts ringing 

only to find out that it is a telemarketer who is trying to sell you a new phone contract. After turning him 

down, you suddenly remember that you were cooking and forgot to turn off the stove when the doorbell 

rang. Before even entering the kitchen you notice the smell of burned food and to make things worse your 

toddler of three used her crayons to color the kitchen wall. Stressful right?  Or not? Stress responses can 

be elicited by many things and are experienced frequently. Large social issues such as unemployment and 

the death of a beloved one are without doubt stressful situations. However, also small daily hassles or an 

accumulation of these may be perceived as stressful, though this primarily depends on the person’s 

appraisal of the situation. In any case, prolonged stress responses and no opportunity to recover from 

stress can have detrimental effects on our health and well-being (e.g. Sarafino, 2008). Therefore, the 

employment of successful stress interventions is a necessity.  

  The Transactional Model of Stress and Coping (TMSC) developed by Lazarus and Folkman 

(1984) is one of the most well-known theories about stress. Contrary to other stress related theories, such 

as the flight or fight response (Cannon, 1929, in: Sarafino, 2008) and the General Adaptation Syndrome 

(Seyle, 1956, in: Sarafino, 2008), which primarily focus on the question whether stress is a stimulus or a 

response, the TMSC focuses on the interaction between the human and the environment. Lazarus (1966) 

argued that the human experience of stress was subjective and primarily influenced by how humans 

appraise a situation. Within this model, stress is seen as "a particular relationship between the person and 

the environment that is appraised by the person as taxing or exceeding his or her resources and 

endangering his or her well-being" (Lazarus & Folkman, 1984, p.19). Important are the two mediators 

that are at play. The first one is ‘Cognitive Appraisal,’ which is the individual’s subjective evaluation of 

the transaction between the self and the environment. The second mediator is ‘Coping Ability,’ which 

determines whether one can successfully manage the presented stressor. A stress response is elicited when 

the situation is appraised as being stressful (primary appraisal). For instance, a person is walking to a shop 

nearby and notices a dog just next to the entrance of that shop. One who is afraid of dogs would appraise 

the situation as being stressful, but one who is not afraid of dogs would appraise this situation as usual 

and that there is nothing present that can be perceived as a threat. Factors such as the context, and the 

type, duration and intensity of the stressor determine whether the stressful situation is being appraised as 

manageable or not (secondary appraisal). Hence, one who is afraid might appraise the situation as 

manageable when the dog is small and leashed.  However, when the dog would be large and nervously 

barking around then that same person would appraise the situation as less manageable. Depending on the 

secondary appraisal, a combination of certain coping strategies (problem-focused or emotion-focused 
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coping strategies) is chosen and used so that the situation is no longer experienced as stressful and one 

can recover from stress.  

A prolonged stress response and no opportunity to recover from stress can have detrimental 

effects such as a weakened immune system (Sarafino, 2008), tissue damage (McEwen & Stellar, 1993), 

altered functioning in the cerebral cortex (McEwen, 1998) and a burn out due to changed neural circuits 

(Verstappen, 2009). The employment of stress interventions is therefore essential, however, not all 

interventions are equally useful and practical in a certain context. For that reason, exploring low-cost and 

flexible possibilities that influence the appraisal process to such an extent that the situation is no longer 

appraised as being stressful or is appraised as being manageable, is of importance.  

Recently, Wan (2011) investigated whether pulsating (LED) light could be a means to recover 

from stress. In this study the negative affective movie Awake (Harold, 2007) was used as a stressor to 

induce stress responses. Participants were randomly allocated to one of the four light conditions 

(pulsating vs. static and orange vs. white light) and were exposed to such a light while watching the 

movie. Results indicated that both static white light and orange pulsating (.125 Hz) light significantly 

reduced participants’ anxiety levels. However, it was the orange pulsating light that elicited the most 

positive affect and was therefore regarded as most promising to support stress recovery. Wan suggested 

that orange lighting could have functioned as a positive distractor as affective responses possibly played 

an important role. According to Ulrich (1991), “The concept of positive distraction is an environmental 

feature that elicits positive feelings and holds attention and interest without taxing or stressing the 

individual, and thereby may block or reduce worrisome thoughts” (Ulrich, 1991, p.102). However, as the 

study was explorative the underlying mechanisms of the observed effects were not investigated. 

Examining underlying mechanisms could provide insights in the way cognitive appraisals are formed and 

could be influenced. This facilitates the employment of new, flexible and low-cost stress interventions. 

 

Concept of Affective Cues and the Biopsychosocial Model of Challenge and Threat 

In the current research, we argue that an important underlying mechanism that could be used as an 

explanation for the observed effects and influence related processes, is the concept of affective cues. 

Affective cues are “sensory objects in the situation that may elicit affective responses or meaning” 

(Blascovich & Mendes, 2000, p.70) and consequently influence cognitive appraisals which, as 

emphasized before, play an important role in stress responses. To explain this process in more detail, a 

better understanding of the concept of affective cues and the Biopsychosocial (BPS) Model of Challenge 

and Threat (Blascovich & Mendes, 2000; Blascovich & Tomaka, 1996) is needed.  

In the Biopsychosocial Model of Challenge and Threat “challenge and threat are person-situation 

motivational states related to approach-avoidance or appetitive-aversive states. Affectively, they involve 
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positive and negative feelings and emotions, and cognitively, they involve attention and appraisal” 

(Blascovich, Mendes, Hunter & Salomon, 1999, p. 69). Meaning, that in a demanding situation people 

appraise the situation either as a challenge or as a threat depending on the interaction between affective 

and cognitive processes. More specifically, a threat appraisal in a demanding situation occurs when “the 

individual experiences insufficient resources to meet situational demands” (Blascovich & Mendes, 2000, 

p.60) and is associated with potential danger to one’s well-being or self-esteem and a low expected 

coping ability (Bandura, 1997; Lazarus, 1991; Lazarus & Folkman, 1984; Rapee & Heimberg, 1997; 

Smith, 1991). On the contrary, a challenge appraisal occurs, when “the individual experiences sufficient 

or nearly sufficient resources to meet situational demands” (Blascovich & Mendes, 2000, p.60) and 

indicates confidence that the demands can be overcome (Skinner & Brewer, 2002). Challenge appraisals 

are associated with a higher expected coping ability, lower subjective stress, higher perceptions of 

performance on mental arithmetic tasks (Feinberg & Aiello, 2010; Skinner & Brewer, 2002; Tomaka, 

Blascovich, Kelsey & Leitten, 1993) and positive emotions (Skinner & Brewer, 2002; Smith & Ellsworth, 

1985, 1987).  

 Besides psychological responses, the Biopsychosocial Model of Challenge and Threat also 

specifies cardiovascular responses which are associated with challenge and threat (Blascovich & Mendes, 

2000; Blascovich, Tomaka and their colleagues, 1991, 1994, & 1997). Tomaka, Blascovich, Kibler, and 

Ernst (1997) manipulated challenge and threat appraisals via instructional set and paralanguage (i.e., 

tone). Participants in the threat condition heard audio taped instructions emphasizing the performance 

nature of the study and the investigators’ intention to evaluate participants’ performance. Participants in 

the challenge condition heard audio taped instructions emphasizing that they should try their best and that 

they were able to do and overcome this task. The manipulation resulted in the expected appraisal patterns. 

The task was seen as more demanding and resources were perceived as fewer in the threat condition than 

in the challenge condition. Regarding physiological effects, the researchers found a difference in the 

cardiovascular pattern. Although the cardiac reactivity increased in both conditions, the vascular 

resistance decreased significantly in the challenge condition, which resulted in a decrease in blood 

pressure. Similar cardiovascular patterns were found in several other studies. Allen, Blascovich, Tomaka, 

and Kelsey (1991) found a decrease in blood pressure and an increase in performance (consistent with 

challenge) when female dog owners were accompanied by their dog. However, when they were alone 

there was a significant increase in blood pressure and decrease in performance (consistent with threat). 

The latter findings were even more distinctive when the participants were accompanied by a human friend 

(high threat). This might seem a bit odd, but the human friend was regarded as a high threat due to his/her 

evaluative abilities (i.e. social facilitation, see Blascovich et al. 1999). Allen and Blascovich (1994) found 

similar blood pressure and performance related results for surgeons who were used to listening to music 
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while working. The surgeons who were in the non-music condition performed significantly less on a task 

and had a higher blood pressure than those who were in the music condition.  

The two latter studies demonstrate that challenge and threat appraisals were evoked merely due to 

the presence (or absence) of an affective cue (i.e. the pet and the music). Meaning that affective cues are 

capable of influencing affective processes, thereby influencing the cognitive appraisal process as well. 

Hence, a sensory stimulus that elicits positive affect (e.g. orange pulsating light) influences the cognitive 

appraisal process to such extent that challenge appraisals instead of threat appraisals are activated thereby 

increasing coping ability, reducing anxiety and consequently reducing stress. It is the aim of the current 

study to investigate whether colored pulsating light can function as an affective cue, thereby influencing 

cognitive appraisals and reducing stress responses in demanding situations.  

In the remainder of this introduction it is argued why colored pulsating light can function as an 

affective cue and what long-term consequences this could have. Lastly, a conceptual model together with 

research questions and hypotheses are formulated. 

 

Light as an Affective Cue 

Although supportive evidence for sensory stimuli functioning as affective cues has been found (for a 

complete overview see Blascovich & Mendes, 2000), to our knowledge, no research has been conducted 

that investigated whether (colored pulsating) light could be regarded as an affective cue. However, there 

are indications that colored pulsating light could act as an affective cue in both a direct and an indirect 

way.  

Indirectly, colored pulsating light functioning as an affective cue could be intervened by mood. 

Ernst (1995) suggested that affective cues could trigger mood processes thereby influencing the elicitation 

of challenge and threat appraisals and prior research has demonstrated that specific lighting could evoke 

certain types of mood (e.g. Fleischer et al., 2001; Grünberger et al., 1993; Knez & Kers, 2000; 

McCloughan et al., 1999). Meaning that, colored pulsating light might be able to function as an affective 

cue by triggering mood processes, which manipulate the appraisal process.  

Reviewing prior studies that investigated the effects of light on mood demonstrate that these 

studies can be divided into several categories depending upon the lighting source (FSFL vs. LED), the 

type of lighting and corresponding manipulations (White manipulating CCT and luminance vs. Colored 

manipulating color), and the lighting dynamics (static vs. dynamic). The current study focuses, like Wan 

(2011), on colored pulsating light that is produced by Light Emitting Diodes (LEDs). Earlier research 

demonstrated that color is a very influential attribute of lighting (Küller et al., 2006; Vogels, 2009) and 

that especially color evokes affective responses (Knez, 2001). Moreover, the advent of LED-based 

systems significantly increased the opportunities and possibilities of colored lighting. 
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Due to recent developments in solid-state lighting and dynamic lighting, the amount of research 

examining the effects of colored pulsating LEDs on mood (and stress) is very limited. Nevertheless, there 

are a few studies worth mentioning. Hartog (2010) for instance, investigated people’s preference on 

colored LED lighting by showing them 133 LED light conditions which varied in their base color and 

their dynamics in speed, saturation, brightness and hue. Of the three colors - orange, green and blue - 

orange was the most preferred color, while blue was the least. However, it should be noted that blue could 

be regarded as neutral because participants’ preference for blue was around the scale’s average (i.e. 

neither preferred, nor disliked). In addition, pulsating light was preferred over static light and linear 

transitions in saturation and brightness were equally preferred, whereas transitions in hue were much less 

preferred. These results correspond with the results of Wan’s (2011) pre-study. That is, orange pulsating 

light elicited the most positive affect, whereas blue the least, but did not significantly differ from the 

scale’s average. Another study that investigated the effects of colored LED lighting on mood and mental 

stress is the study conducted by Varkevisser, Raymann and Keyson (2011). Varkevisser and his 

colleagues explored the effects of yellow (RG), magenta (RB), cyan (GB) and white (RGB) LED light on 

mood and mental stress at two illuminance levels (45 and 195 lux). Results suggested that fatigue and 

negative mood valence increased when exposed to yellow light with low illuminance levels, and when 

exposed to magenta light with high illuminance levels. Heart rate, which was a measure for mental stress, 

showed an increase in the high illuminance magenta light condition. Although yellow and magenta light 

conditions had the most negative effect on mood, in comparison to fluorescent white light (20 lux), all 

light conditions induced negative mood. Interpreting the latter findings and Wan’s results (2011; i.e. 

orange pulsating light scored significantly less on anxiety level’s and on tenseness) give the impression 

that colored pulsating light elicits more favorable features than static colored light.   

Even though these studies could be regarded as promising in positing colored pulsating light as an 

affective cue, there are dozens of studies that did not find any effect of light on mood or even reported 

reversed effects (see for an overview Veitch & McColl, 2001). One could argue that, in general, results 

were least inconsistent with regard to colored lighting (Knez, 2001; Knez & Niedenthal, 2008; Laufer et 

al. 2009) and that the studies involving colored LED lighting (Hartog, 2010; Varkevisser et al. 2011 and 

Wan, 2011) did find effects of light on affect. Nevertheless, it should be noted that the half within-

participants and half between-participants designs of the latter studies did not bring much robustness to 

the observed effects. Moreover, there was a confound in Wan’s study (2011) as white light pulsated in 

intensity while orange pulsated in saturation. Furthermore, it is known that affective meaning often fails 

to reach consciousness. Zajonc (2000) demonstrated with what he called the mere-exposure effect that 

people develop a preference for a certain stimulus just because they have seen it more often, even when 

they are not aware that they have seen the stimulus more often. For example, he showed a multitude of 
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Chinese ideographs to participants who were not familiar with such ideographs. These ideographs were 

shown once, twice, 5, 10 or 25 times and were shown again together with ideographs that were not shown 

before. Participants were then asked whether the ideographs represented something good or something 

bad. Those that were shown more often were also more often categorized as representing something good. 

Fortunately, affective meaning failing to reach consciousness does not mean that it inhibits psychological 

and behavioral effects. After all, the participants did like the most often repeated ideographs more than 

the others. This observation is supported by the studies of LeDoux (1996) who demonstrated with brain 

imaging techniques that we already react to danger without even experiencing the feeling of being afraid. 

Mood is often assessed subjectively and in order to find a distinction across light conditions it needs to 

reach consciousness. This may partially explain why effects of lighting on affect are so difficult to find 

and to replicate. Thus, it is questionable whether similar effects can be observed in the present study. 

Nevertheless, in order to investigate whether pulsating light can (indirectly) function as an affective cue 

by influencing mood, there is no other realistic option than to assess mood subjectively.  

Fortunately and as mentioned briefly above, even if there are no observable affective responses, 

stimuli could still influence affective, cognitive and behavioral processes. As indicated by Blascovich and 

Mendes (2000), there are features of objects functioning as an affective cue that could influence affect, 

cognition and behavior, without evoking observable affective responses. Those features are 1) familiarity, 

which reduces situational uncertainty and the more familiar, the stronger the associations and meanings 

paired with it (Zajonc, 2000), 2) the degree of animation and visibility of the object and 3) the learned 

(e.g. color) and innate (e.g. light has a significance for survival) associations we have with the object 

(Blascovich & Mendes, 2000). With regard to the first feature it should be noted that we are not as 

familiar with colored pulsating light as with, for instance, faces. However, colored pulsating light 

becomes more and more familiar to us as we regularly encounter pulsating light in clubs, shops and with 

the advent of LED-based systems also at home (e.g. LivingColours, Philips). Besides, the contexts in 

which we encounter slow pulsating light are often entertaining or relaxing with which we generally have 

positive experiences. In addition, colored pulsating light is highly visible and animated which attracts 

attention and reinforces familiarity and the associations paired with it. Finally, the associations paired 

with colored pulsating light are important too. Particularly, the associations paired with color are very 

strong due to continuous subtle parings between colors and messages, concepts, and experiences from 

infancy onwards (Elliot et al., 2007). According to Elliot and colleagues (2007) these associations are so 

strong that merely the presence of a color is able to activate the paired associate and unconsciously 

influence affect, cognition and behavior (see also Baldwin & Meunier’s 1999 cued activation model for a 

conceptual parallel). In a series of experiments they demonstrated that people who were (unconsciously) 
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exposed to the color red performed worse in achievement contexts than people who were (unconsciously) 

exposed to the color green or an achromatic color (white, grey or black).  

Thus, although it may be difficult to examine the relationship between colored pulsating light and 

mood/affect due to the required consciousness of those processes, there are as mentioned afore indications 

that, even without observable affective responses, colored pulsating light can function as an affective cue, 

thereby influencing both cognitive and behavioral processes. 

 

Coping Ability and Strategies 

Eliciting challenge appraisals and reducing stress responses with colored pulsating light is one thing, but 

it is of less use when these positive effects quickly disappear. Therefore, the current research also 

investigates whether pulsating light could be used as a long-term intervention in stressful situations. As 

mentioned briefly before, earlier research suggested that the elicitation of challenge and threat appraisals 

affects perceived coping ability and the adoption of coping strategies (e.g. Skinner & Brewer, 2002). The 

higher the perceived coping ability the more confident one is in being able to manage the stressful 

situation and it is also more likely that the ‘right’ coping strategies are adopted. In the literature some 

researchers make a distinction between problem-focused and emotion-focused coping, whereas others 

make a distinction between approach and avoidance coping (see for an extensive overview Moos & 

Holahan, 2003). Both emotion-focused and avoidance coping strategies are known for their short-term 

effectiveness as the stressful situation is ignored and adaptation will not take place (Shimazu & Schaufeli, 

2007). A meta-analysis of 34 studies examining the relations between coping and health-related issues 

revealed that adopting emotion-focused coping strategies to reduce stress was related to even higher stress 

responses in the long run (Penley et al, 2002). On the contrary, problem-focused and approach coping 

strategies are in the long run efficient as these are means that stimulate to actively adapt to or change the 

stressful situation instead of avoiding it. Challenge appraisals are associated with a high perceived coping 

ability and the use of problem-focused and approach coping strategies, whereas threat appraisals are 

associated with a low perceived coping ability and the use of emotion-focused and avoidance coping 

strategies (Franks & Roesch, 2006; Shimazu & Schaufeli, 2007). This means that with the elicitation of 

challenge appraisals the confidence in people grows and provides them efficient ways to cope with the 

stressful situation instead of ignoring it. Colored pulsating light that could elicit challenge appraisals and 

consequently increases one’s perceived coping ability and stimulates the adoption of problem-focused and 

approach coping strategies would therefore be useful as a long term intervention in stressful situations. 

Besides, one who has gained multiple positive coping experiences regarding a similar stressful situation 

with the help of colored pulsating light might automatically elicit challenge appraisals and its positive 
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effects the next time even when the light is absent, because they can rely on their positive experiences, 

expertise and confidence.  

 

The Current Study - Research Questions and Hypotheses 
From previous research (Blascovisch & Mendes, 2000; Blascovich, Tomaka & colleagues 1991, 1994, 

1997) it can be concluded that affective cues are a successful means to influence cognitive appraisals 

thereby reducing stress responses. However, there is only a limited amount of research that investigated 

the effects of colored LED-lighting on affect (and stress). Besides, to my knowledge there are no studies 

investigating the potential of colored pulsating light as an affective cue and thus, as a possible flexible and 

low-cost stress intervention. Therefore, the aim of the present study was to examine whether colored 

pulsating light could function as an affective cue thereby influencing the activation of challenge and 

threat appraisals and consequently perceived coping ability and the adoption of coping strategies in order 

to reduce stress responses. As a result, the current study investigated the following conceptual model 

(Figure 1) and accompanying research questions:  

A. Is colored pulsating light able to function as an affective cue by inducing affect.  

B. What is the influence of colored pulsating light on the elicitation of challenge versus threat 

appraisals? 

C. What is the influence of colored pulsating light on perceived coping ability and coping strategies? 

D. Does affect mediate the relationship between pulsating light and challenge vs. threat appraisals? 

E. Do challenge appraisals mediate the relationship between positive affect and perceived coping 

ability and coping strategies? 

 

 

 

 

 

 

 

Because various studies suggested that (colored pulsating) light can elicit affective responses (Varkevisser 

et al. 2011; Wan, 2011) and Blascovich and Mendes (2000) demonstrated that positive affective cues 

influence the elicitation of challenge appraisals which are associated with a higher perceived coping 

ability (Skinner & Brewer, 2002) and the adoption of problem-focused and approach coping strategies 

(Franks & Roesch, 2006) the following was hypothesized (Figure 2) 

 

Figure 1: The conceptual model, based on literature review

Pulsating 
light 

Affect 

Challenge 

vs.  threat 

appraisals 

Coping 

ability 

Coping 

strategies 
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I. Colored pulsating light can function as an affective cue by eliciting positive or negative affect. 

II. Colored pulsating light inducing positive affect increases the elicitation of challenge appraisals in 

favor of threat appraisals. 

III. Colored pulsating light inducing positive affect is positively related to perceived coping ability  

IV. Colored pulsating light inducing positive affect increases the adoption of problem-focused and 

approach coping strategies. 

 
 
 
 
 
 
 
 
 
 
 

The abovementioned hypotheses were examined with the help of two experiments. In the first experiment 

we explored whether and what kind of colored pulsating light could elicit positive affective responses. In 

the second experiment we investigated whether such lighting could indeed influence the activation of 

challenge vs. threat appraisals, coping ability and coping strategies.   

  

Figure 2: Schematic overview of the hypotheses
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2. Experiment 1 

Experiment 1 was conducted to investigate whether and what kind of colored pulsating light could elicit 

positive affective responses. Results of Wan’s (2011) pretest suggested that pulsating light could elicit 

affective responses because the valence of mood, assessed by the short version (6 items) of the 

multidimensional mood questionnaire (MDMQ; Wilhelm & Schoebi, 2007), significantly differed across 

several light conditions. More specifically, orange colored lighting with slow or medium pulsating 

frequencies elicited the most positive feelings, while blue colored lighting with the same pulsating 

frequencies elicited the least positive feelings. We performed further analysis on Wan’s data which 

suggested that orange pulsating light could be able to elicit positive affect, whereas blue pulsating light 

could be regarded as neutral. Even though blue pulsating light elicited the least positive affective 

responses these responses did not differ from neutral. These findings correspond with the findings found 

in Hartog’s (2010) study. Orange pulsating light was preferred the most, while blue was preferred the 

least, but this preference did not differ from the scale’s average and could thus be regarded as neutral. In 

addition, Varkevisser et al. (2011) suggested that yellow and magenta lighting elicited the most negative 

affective responses. Although the results of the aforementioned studies were useful, we reasoned that a 

similar experiment was still necessary to establish with confidence which light conditions elicited what 

kind of affective responses. Primarily, to make sure that the many attributes lighting has would not 

influence the results as it would not be the first time that lighting attributes which have not been kept 

constant could have influenced the effects (e.g. white light pulsating in intensity while orange in 

saturation). Consequently, this experiment strived to keep all lighting attributes but saturation constant. In 

addition, two measures to assess affective responses (MDMQ & SAM) were used instead of one to 

increase the likelihood that affective responses could be observed as earlier research (Zajonc, 2000) 

revealed that affective meanings often do not reach consciousness. 

 We expected that orange pulsating lighting would elicit the most positive affect, yellow pulsating 

lighting the least positive (most negative) affect, and blue pulsating lighting would be regarded as most 

neutral in terms of affect (H.I). 

 

2.1. Method 

 2.1.1. Participants and Design  

Seventy-five participants (29 females and 46 males) aged between 17 and 28 (M = 22.39, SD = 2.45) 

participated in this experiment. They were recruited using a participant database, leaflets and social 

media. The experiment took about 10-15 minutes for which participants received 3 euro’s. 

The experimental design was between-participants and consisted of 4 light conditions. Two light 

conditions, orange and blue pulsating (.125 Hz) light were based on Wan’s (2011) results. The other two 
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light conditions, yellow and magenta with similar pulsating frequencies, were based on the results found 

by Varkevisser et al. (2011). Although white and blue pulsating light did not differ in affect, blue 

pulsating light was preferred over white pulsating light as white pulsating light cannot pulsate in 

saturation. Participants were randomly divided over the four light conditions. The dependent variable was 

affect (MDMQ & SAM).  

  

2.1.2. Setting, Apparatus and Manipulations  

 The experiment was conducted in the PsyLab of the University of Technology in Eindhoven. The 

experimental rooms measured 1.5 meters by 2.5 meters in which only a desk, a chair and a desktop 

computer were present. Three powerLEDs (R, G & B) diffused by a white plastic bulb were used to create 

the different light conditions (see Figure 3). The light pulsated with a frequency of .125Hz from the 

specific fully saturated color to white that was the same for 

all conditions. Table 1 shows the settings used for creating 

the light conditions. In addition, functional (office) lighting 

mounted on the ceiling was on and did not differ across 

conditions. The light at eye level was measured to make sure 

that no effects could be ascribed to a difference in light 

intensity (illuminance level). The light at eye level varied 

between 50 lux (colored light) and 65 lux (white light) which indicated that the light intensity varied 

relatively constant across conditions as there were no substantial differences. The experiment was 

programmed in Adobe’s Authorware v.7.0.  

 

  

Table 1.  
The settings of the light conditions  

R G B 

Orange  255 128 0 

Blue  0 0 255 

Yellow  255 255 0 
Magenta  255 0 255 

White 0 0 0 

Figure 3: The four different light conditions; Yellow, Orange, Blue and Magenta (Clockwise). 
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2.1.3. Measurements  

The dependent variable was affect which was measured with two questionnaires. Affective responses of 

participants to the stimulus were assessed with the Multi-Dimensional Mood Questionnaire (MDMQ; 

Steyer, Schwenkmezger, Notz, & Eid, 1997) and the Self-Assessment Manikin (SAM; Bradley & Lang, 

1994). The MDMQ consists of 12 items rated on 5-point Likert scales (Definitely not – Extremely) and 

consists of three dimensions, Valence (α = .693), Energetic Arousal (α = .806), and Calmness (α = .797). 

For the current study the items, such as Tense (Gespannen) and Content (Tevreden) were translated to 

Dutch. The SAM is a non-verbal pictorial questionnaire and assesses, by means of 3 items, each 

consisting of 5 pictures, affective responses on the dimensions Pleasure, Arousal and Dominance (i.e. 1 

item per dimension). The SAM is based on Mehrabian and Russell’s (1974) PAD-model and has been 

employed in relevant lighting studies (Kuijsters et al., 2011; Varkevisser et al., 2011). 

 To assess participants’ responses on the lighting and the environment on a more general basis, an 

atmosphere perception questionnaire and an association questionnaire were also included in the 

experiment. The short Dutch version of the atmosphere perception questionnaire assessed the perceived 

atmosphere on 4 dimensions: Coziness (α = .74), Liveliness (α = .76), Tenseness (α = .77), and 

Detachment (α = .84, when the item “Cool” was removed) (Vogels, Sekulovski & Rijs, 2009). The 

questionnaire existed of 12 items presented on 7-point Likert scales (Not applicable at all – Very 

applicable) and included atmosphere appraisals such as chilly, tense, cozy and stimulating. In addition, it 

was assessed what kind of associations participants generated while exposed to the specific lighting. They 

were asked to provide three associations they had with the light. After they provided the three 

associations, participants were asked to assess the associations, one at a time, on the dimensions Pleasure, 

Arousal, Dominance, Calmness, and Threat, using 7-point Likert response scales (Absolutely not – Very 

much so). 

The association dimensions and SAM dimensions were used as separate variables in further 

analyses as these only consisted of one single item, while the other abovementioned dimensions were 

constructed by averaging the scores of the related items. The atmosphere perception questionnaire and 

both mood questionnaires can be found in respectively appendix A and B. 

 

2.1.4. Procedure 

Participants were told that they were taking part in an experiment in which they were going to carry out a 

small computer task and evaluate a certain setting of colored dynamic light. It was told that all 

instructions were embedded in the software program so when participants had no further questions, at that 

point, they were asked to sign the informed consent form. Subsequently, participants were asked to 

perform a neutral task which took about five minutes while they were exposed to normal office lighting. 
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This was done so that influences of prior perceived light (e.g., daylight) and other aspects that could have 

affected participants’ mood prior to the experiment were limited. The neutral task existed of retyping a 

paragraph which is in control conditions of ego-depletion experiments a common task (Muraven, Gagne, 

& Rosman, 2008; Muraven, Shmueli, & Burkley, 2006). The paragraph was taken from the Dutch 

educational book Creativiteit Hoe? Zo! (Byttebier, 2002, p.21) and was about the human brain. It was a 

pure informational piece of text thereby making sure that eliciting affect of any kind was limited as much 

as possible. After retyping the paragraph, participants were exposed to one of the light conditions and 

were asked to fill in the presented questionnaires, respectively, Atmosphere perception, MDMQ, SAM, 

Association questions and demographics. Figure 4 depicts the procedure in a schematic fashion.  

 

2.2. Results 

First, by using boxplots and Z-scores, outliers were detected and removed (2 SD and a confidence interval 

of 5%). Then, it was investigated whether orange pulsating light would elicit the most positive affect and 

yellow pulsating light the least (H.I). Therefore, a one-way ANOVA on the MDMQ-dimension Valence 

(M = 4.29, SD = .37) and a Kruskal-Wallis test on the SAM-dimension Pleasure (M = 4.00, Mdn = 4.00, 

SD = .47), due to a violation of normality, were conducted. The results of both analyses suggested that 

there were no significant differences in Valence and SAM_Pleasure across light conditions, respectively F 

< 1 and χ2 < 3. Consequently, hypothesis I (pulsating light can function as an affective cue by eliciting 

positive or negative affect) could not be confirmed. Despite finding no evidence for finding an effect of 

affect across light conditions, additional analyses revealed other interesting effects that hinted in the 

direction that pulsating light could function as an affective cue. These effects are reported below.  

 

2.2.1. Further Affective Responses 

The two other SAM variables, Arousal (M = 2.51, 

Mdn = 2.00, SD = .89) and Dominance (M = 3.20, 

Mdn = 3.00, SD = .72), were also not normally 

distributed so Kruskal-Wallis tests were conducted, 

which suggested an effect for SAM_Arousal, χ2 (3, N 

= 75) = 10.86, p = .012. Mann-Whitney tests 

revealed that participants who were exposed to orange 

pulsating light (Mean Rank = 24.58) were more Figure  5:  Histogram  displaying  the  means  of 

Arousal  (SAM‐questionnaire)  with  SDs  per  light 

condition. 

Figure 4: Schematic overview of the procedure of experiment 1.

p <.05
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aroused than participants who were exposed to magenta pulsating light (Mean Rank = 14.42, U = 84, z = 

-3.08, p = .002, r = -.50). Due to taking a Bonferroni correction (.05 / 6 = .008) into account, the arousal 

levels of participants exposed to yellow (p = .019) and blue (p = .021) pulsating light were not 

significantly different from the arousal levels of participants exposed to the orange pulsating light (Figure 

5). 

A 3 (mood) x 4 (Light condition) MANOVA, performed to explore differences of MDMQ mood 

variables Valence (M = 4.29, SD = .37), EnergeticArousal (M = 3.62, SD = .71) and Calmness (M = 

4.11, SD = .58), suggested that there were no effects of MDMQ mood across light conditions, F < 1. 

  

2.2.2. Atmosphere Perception 

To investigate whether atmosphere perception was rated differently across the light conditions, Coziness 

(M = 4.04, SD = 1.10), Liveliness (M = 4.51, SD = 1.26), and Tenseness (M = 2.34, SD = 1.07) were 

submitted as dependent variables to a 3 (Atmosphere Perception) x 4 (Light condition) MANOVA. 

Assumptions were not violated. The analysis showed that there was no main effect on Atmosphere 

Perception, F(8,161) = 1.34, p = .22. However, the individual (ANOVA) analyses pointed out that there 

was a marginal difference across conditions for Coziness, F(3,68) = 2.51, p = .066. Post-hoc analyses 

(Figure 6) revealed that participants who were exposed to the orange pulsating light rated the atmosphere 

cozier (M = 4.61, SD = .89) than those who were exposed to the blue (M = 3.65, SD = 1.07, p=.009) and 

yellow (M = 3.94, SD = 1.07, p=.070) pulsating light. 

In addition, the effects of Detachment (M = 3.17, Mdn = 2.50, SD = 1.69) across light conditions 

were investigated by conducting a Kruskal-Wallis test. This test suggested a marginal significant effect 

for Detachment, χ2 (3, N = 75) = 6.91, p = .075. Mann-Whitney tests were performed to follow up this 

finding and revealed no significant differences for Detachment per light condition. Due to taking a 

Bonferroni correction (.05 / 6 = .008) into account the difference in detachment between participants who 

were exposed to blue and magenta pulsating light was no longer significant (p = .012) (Figure 7).  

Figure  7:  Histogram  displaying  the means  with 

SDs of Detachment per light condition. 
Figure  6:  Histogram  displaying  the means  with 

SDs of Coziness per light condition. 

p <.01  p <.1 
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2.2.3. Associations  

To explore the associations that were elicited by the participants across light conditions one-way 

ANOVA’s and Kruskall-Wallis tests were performed. The two ANOVA’s were performed for the 

association variables Calmness (M = 4.04, SD = 1.52) and Arousal (M = 4.59, SD = 1.22) as these were 

normally distributed. The ANOVA analyses showed a marginal main effect for Light condition on 

Calmness, F(3,71) = 2.45, p = 0.71. The Games-Howell method for post-hoc analyses was used as 

equality of variance could not be assumed (p = .018). These analyses (Figure 8) revealed that participants 

who were exposed to the orange pulsating light generated associations stronger related to calmness (M = 

4.72, SD = 1.15) than participants who were exposed to the yellow pulsating light (M = 3.43, SD = 1.30; 

p = .015).  

 

 

 

 

 

 

 

 

 

 

 

 Kruskal-Wallis tests were carried out for the remaining three association variables, Pleasure (M = 

5.03, Mdn = 5.00, SD = 1.22), Dominance (M = 4.05, Mdn = 4.00, SD = 1.47), and Threat (M = 2.08, 

Mdn = 2.00, SD = .905), as these were not normally distributed. The analysis suggested that there was a 

significant difference for Threat across the light conditions, χ2 (3, N = 75) = 11.67, p = .009. Mann-

Whitney tests were used to follow-up this finding. A Bonferroni correction (.05 / 6 = .008) was applied to 

control for Type I errors. The tests revealed that participants who were exposed to the yellow pulsating 

light (Mean Rank = 24.17) generated associations stronger related to threat than participants who were 

exposed to the orange (Mean Rank = 14.11, U = 78, z = -2.86, p = .004, r = -.47) and magenta (Mean 

Rank = 13.33, U = 69, z = -2.97, p = .003, r = -.50) pulsating light. The histogram shown above (Figure 

9) demonstrates that magenta has a mean in between yellow and orange. This implies that participants 

who were exposed to the orange pulsating light elicited light associations least related to threat. 

 

 

Figure  9:  Histogram  displaying  the means  with 

SDs of Threat per light condition. 

Figure  8:  Histogram  displaying  the means  with 

SDs of Calmness per light condition. 

p <.05 

p <.01 p <.01
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2.2.4. Associations – In-depth analysis  

Due to the fact that there were significant differences of threat and calmness associations across light 

conditions it was decided to examine the nature of the associations more thoroughly.  All the associations 

could be categorized within three basic categories, being: Attributes (e.g. warm), Places (e.g. doctor’s 

office) and Objects (e.g. Christmas lights). The majority of the associations was categorized in the 

attributes category. Per color there were always 2 to 4 associations (mainly: ‘distraction’) of which it was 

not immediately clear whether it should be perceived as negative or not. However, examining how these 

associations scored on the individual dimensions pointed out that they were predominantly negative 

related, but never positive (e.g. ‘distraction’ scored primarily low on pleasure and low on calmness). With 

respect to the attributes category it was orange pulsating light that had without a doubt the least negative 

valued associations (5/47), whereas yellow pulsating light had the most negative valued associations 

(12/41), although blue (12/44) and magenta (11/44) pulsating light had quite some too. This result was, as 

shown above, partially reflected in the threat association analysis. Interestingly, for both orange and blue 

pulsating light, around a quarter of the attribute-oriented associations were related to calmness, which was 

of course reflected in the calmness association analysis but was not in line with the mood analysis where 

orange was found to be the most arousing color. Blue pulsating light generated the most object-oriented 

associations, 11 versus 4 for magenta and yellow, and 5 for orange. In addition, it was blue pulsating light 

generated which generated the least place-oriented associations 1 versus 9 for magenta and yellow 

pulsating light and 5 for orange pulsating light. Although some associations were dynamic related, most 

associations were related to the color of the light, which emphasized once again how strong our 

associations with color are. A large part of the yellow and orange pulsating light associations were related 

to the sun, sunlight or attributes of the sun (e.g. warm, bright). In that regard it was remarkable that next 

to the sun associations, yellow pulsating light generated so much more negative associations than the 

orange pulsating light did. The associations of blue pulsating light were often related to (forms of) water 

(e.g. water, snow, cold). Consequently, the attribute-oriented associations of blue pulsating light were 

least related to warmth and coziness, which was reflected in the atmosphere analysis too. The associations 

of magenta pulsating light were much more difficult to fit somewhere in, probably because magenta is not 

a common color in daily life and hence, our associations paired with magenta are much more varied. As a 

result, these associations were slightly more dynamic related and the possible common denominator was 

happiness and entertainment (happy, coffee-shop, red light district). 
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2.3. Conclusion and Discussion 

Prior research (e.g. Varkevisser, 2011; Wan, 2011) provided some evidence that colored (pulsating) LED-

light could elicit affect. However, we argued that these results were not really robust. Therefore, 

Experiment 1 was conducted in order to investigate whether and what kind of colored pulsating light 

could elicit affective responses. Contrary to Wan (2011), the results of Experiment 1 suggested that there 

was no evidence of an effect of colored pulsating light on affect. This suggests that such an effect might 

not exist and that the effects of affect found in prior studies might be due to confounds. Although this 

might be true for white lighting, it is a less plausible explanation for colored lighting. Primarily, because 

color is a very influential attribute of lighting (Küller et al., 2006; Vogels, 2009) and is therefore able to 

evoke affective responses (Knez, 2001). Supportive evidence for that is provided by Elliot and colleagues 

(2007). They argued how strong our associations with color are and demonstrated that merely the 

presence of a color could already influence affective, cognitive and behavioral processes. The reason for 

not finding an effect on affect across light conditions in the current research might be due to the following 

limitations. One, affect was assessed subjectively via two mood questionnaires, while Zajonc (2000) and 

LeDoux (1996) demonstrated that affective meanings often do not reach consciousness. Two, the two 

mood questionnaires were presented approximately 30 seconds after the light was turned on. In hindsight 

that was a rather large limitation, particularly because it takes time to get accustomed to new light 

conditions and hence, for psychological effects to take place.  

Nevertheless, both Zajonc (2000) and Elliot et al. 

(2007) provided evidence for the idea that, even though 

affective meanings (e.g. from color associations) fail to reach 

consciousness, psychological and behavioral effects could 

still take place. This notion is supported by the effects that we observed. Our analysis suggested that 

participants who were exposed the orange pulsating light were the most aroused, but generated 

associations that were significantly less related to threat and more to calmness, whereas participants who 

were exposed to the yellow pulsating light were aroused too, but generated associations that were 

significantly more related to threat and less to calmness (see Table 2). The in-depth association analysis 

showed that indeed orange generated the least negative valued associations and yellow the most. In 

addition, the associations were often related to the color of the lighting which supports the notion of Elliot 

et al (2007) that we have strong associations with color. Overall this suggests that, orange pulsating light 

might be able to elicit such (color) associations that people feel aroused in a good way, leaving them 

challenged, not threatened, and ready to face the situation. And unlike the orange lighting, yellow 

pulsating lighting might be able to elicit such negative (color) associations that people feel aroused too, 

but in a bad way, provoking threat, and making people reluctant to act and to avoid the situation. 

Table 2 
Overview of the most important findings 
 Mood Associations

Arousal Calm Threat 

Orange ++ ++ -- 

Yellow + -- ++ 
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  Interpreting the work of Elliot et al. (2007) and Zajonc (2000), we argue that in our first 

experiment the associations evoked by colored pulsating light played a key role and could have 

influenced cognitive and behavioral processes. If yellow pulsating light elicits associations related to 

threat and tenseness and orange pulsating light elicits associations related to challenge and calmness then, 

according to this line of reasoning, it is likely that people think and act accordingly. Hence, we argue that 

yellow pulsating light elicits stronger threat appraisals that lead to a reduced perceived coping ability and 

the adoption of emotion-focused/avoidance coping strategies and orange pulsating light elicits stronger 

challenge appraisals that lead to an increased perceived coping ability and the adoption of problems-

focused/approach coping strategies. Although Experiment 1 hinted in that direction it did not include 

measures to investigate these cognitive and behavioral processes. Therefore, a second study that included 

such measures was needed to investigate these assumptions.  
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3. Experiment 2 

Experiment 2 was conducted to explore the effects of colored pulsating light on affect, cognitive 

appraisals, perceived coping ability and coping strategies.  

Based on the evidence of Experiment 1 and as argued in discussion section 2.3., two light 

conditions were selected. The orange pulsating light was selected as a presumable elicitor of challenge 

appraisals (high arousal, associations least related to threat and most to calmness) and the yellow 

pulsating light was selected as a presumable elicitor of threat appraisals (arousal, associations most 

related to threat and least to calmness). For the control condition, a static white light was used.  

The combination of literature review and the results of Experiment 1 led to more precise 

hypotheses for Experiment 2. As we intended to increase the exposure time to the colored pulsating 

before subjective responses were assessed, we expected that compared to yellow pulsating light and white 

static light, orange pulsating would elicit more positive affect (H.I). In addition, we expected that orange 

pulsating light, compared to yellow pulsating light and white static light, would elicit stronger challenge 

appraisals (H.IIa), a higher perceived coping ability (H.III) and the adoption of problem-focused/approach 

coping strategies (H.IV). Furthermore, it was expected that compared to orange pulsating light and white 

static light, yellow pulsating light would elicit stronger threat appraisals (H.IIb).  

Next to assessing subjective responses, physiological responses were also assessed in Experiment 

2. Regarding physiological effects it was anticipated that a similar pattern as reported in earlier research 

(e.g. Blascovich & Mendes, 2000) could be observed. Hence, it was expected that there would be an 

increase in the average heart rate while the scenario was presented but that the onset of the specific light 

(i.e. the onset of challenge / threat appraisals) would not cause any differences in the average heart rate 

(H.V). Additionally, it was expected that orange pulsating light (as an elicitor of challenge appraisals), 

compared to yellow pulsating light (as an elicitor of threat appraisals), would evoke a higher Pulse Transit 

Time (PTT) and thus a lower blood pressure (H.VI).   

 

3.1. Method 

3.1.1. Participants and design 

The effect size for the two most important findings of experiment 1 was around .5 (Cohen’s d 1.1) and a 

power analysis revealed that at least 66 participants (22 per light condition) were needed to find similar 

results. An additional ten percent was added to that amount as a margin. Therefore, seventy-five students 

(27 females and 48 males) aged between 18 and 33 (M = 22.49, SD = 2.66) participated in the 

experiment. The gender distribution across the three light conditions was as follows: Orange – 8F/17M, 
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Yellow – 7F/18M, White – 12F/13M. The participants were recruited using a participant database, leaflets 

and social media. The experiment took about 20-25 minutes for which participants received 5 euro’s. 

The experimental design of Experiment 2 was a between-participants design. It consisted of three 

light conditions (i.e. orange pulsating light, yellow pulsating light and white static light), which together 

constituted the independent variable. Participants were randomly divided to one of these three light 

conditions and were exposed to that light after the trait scale of CAS (Skinner & Brewer, 2002) and STAI 

(control measures) were employed. The dependent variables were appraisal style, perceived coping 

ability, coping strategies, affect and anxiety, assessed by both psychological and physiological measures. 

Control variables were soccer and light related questions and demographics.  

 

3.1.2. Setting, Apparatus and Manipulations 

Similar to Experiment 1, Experiment 2 was conducted in the PsyLab of the University of Technology in 

Eindhoven. The experimental room measured 1.5 meters by 2.5 meters in which only a desk, a chair and a 

desktop computer was present. The three selected light conditions were created by using three 

powerLEDs (R, G & B) that were diffused by a white plastic bulb (see Figure 3). As in Experiment 1, the 

yellow and orange light pulsated with a frequency of .125Hz from the specific fully saturated color to 

white. The control condition existed of a white static light which used the same white as the other two 

light conditions used for their pulsations (Table 1). The functional (office) lighting mounted on the ceiling 

was on and did not differ across conditions. The complete experiment was programmed in Adobe’s 

Authorware v.7.0. A Mobi8 (TMSi, The Netherlands), a multichannel system to measure a variety of 

(electro)-physiological signals, was used to measure participants’ heart rate, Galvanic Skin Response 

(GSR) and blood saturation to get an indication of their relative blood pressure.  

To investigate whether different light settings could influence affective and cognitive responses, 

an ambiguous scenario was used. The idea was that, while controlling for personal traits, the ambiguous 

scenario would be differently interpreted by the participants due to exposure to a certain light. The current 

study made use of an ambiguous scenario that successfully had been used before by Skinner and 

Brewer (2002). Like their sample population, the current study’s sample population existed of 

university students which made the scenario about exam performance highly relevant and was 

certainly something participants could relate to. Moreover, the experiment was held shortly 

before the examination period of the final academic semester. The Dutch translation (see 

Appendix H) of the scenario below was used in the experiment. 

Shortly you will be taking an end of year exam. This exam is worth 50% of your final grade. The 

grade you receive in this course will determine whether you can enroll in an important subject 
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next year. The content of the exam has been kept strictly secret, therefore you are unsure whether 

the exam questions will be difficult or relatively easy. Throughout the semester you had to apply 

more effort than usual to achieve satisfactory grades in this course. 

 

3.1.3. Measurements 

Several questionnaires were employed to obtain psychological measures. The dependent variable 

appraisal style was assessed using both psychological and physiological measures. The questionnaires 

mentioned below can be found in Appendix A and Appendices C to G. 

 

I. Affective responses 

Similar to experiment 1, the affective responses elicited by the three light conditions were assessed by the 

MDMQ and the SAM. The 12 items of the MDMQ were rated along a 5-point Likert scale (Absolutely 

not – Extremely) and included items such as Tense (Gespannen) and Content (Tevreden). The items load 

on three dimensions, Valence (α = .85), Energetic Arousal (α = .82 when the item ‘Alert’ was removed), 

and Calmness (α = .82) when the item ‘Uncomfortable’ was removed). The SAM existed of 3 items (i.e. 

SAM_Pleasure, SAM_Arousal and SAM_Dominance) on 5 point scales.  

 

II. Cognitive appraisal style 

Both trait and state cognitive appraisal style were assessed using the specific scales of the Cognitive 

Appraisal Style questionnaire (CAS; Skinner & Brewer, 2002). The trait scale existed of 18 items and 

included questions such as “I tend to focus on the positive aspects of any situation” and “I lack self 

confidence” (Challenge_Trait: α = .72 when items 1, 3, 4 and 7 were removed; Threat_Trait: α = .92 

when items 6, 10, 11 and 18 were removed). The state scale existed of 8 items and included questions 

such as “I am focused on the positive benefits I will obtain from this situation” and “I’m concerned about 

my ability to perform under pressure” (Challenge_State: α = .65 when items 3 and 4 were removed; 

Threat_State: α = .76 when item 1 was removed). Both scales used a 6-point Likert scale (Strongly 

disagree - Strongly agree). For the current study all questions were translated to Dutch.  

In addition, physiological measures of appraisal style were obtained. Throughout the experiment 

heart rate and blood saturation to deduce PTT (indication of blood pressure) were measured using a Mobi 

device as it was established that contrary to heart rate, blood pressure did differ across cognitive appraisal 

style. With the use of ECG-signals (heart rate) and Plethysmograph signals (blood saturation) the Pulse 

Transit Time (PTT) can be deduced. Fluctuations in PTT are an indication for 

vasoconstriction/vasodilatation. Prior studies found that challenge appraisals decreased vasoconstriction 



Page 22  
 

which was related to a decrease in blood pressure, whereas threat appraisals increased vasoconstriction 

which was related to an increase in blood pressure (see for an overview Blascovich and Mendes, 2000). 

To measure ECG signals participants placed three electrodes, of which one functioned as the 

ground, on their chest. The ground electrode was placed on their left collar bone, one electrode was 

placed below their right collar bone and the last electrode was placed below their last left rib.  To measure 

pariticpants’ Plethysmograph signals an oximeter sensor was placed on their left little finger. A software 

program called HTIMobi, recorded the output with a sampling frequency of 1028.5 Hz. More about these 

physiological measures can be read in Appendix I.  

 

III. Perceived coping ability 

Perceived coping ability was assessed by the 3–item questionnaire about expected coping ability as 

developed by Skinner and Brewer (2002). It tapped perceived coping ability (α = .84) on 6-point Likert 

scales (Little confidence – Much confidence). For the present study all questions were translated to 

Dutch. 

 

IV. Coping strategies 

As the type of appraisals seemed to have an influence on coping strategies too, the Dutch coping 

questionnaire, Utrechtse Copinglijst (UCL; Schreurs & Van de Willige, 1988) was employed to assess 

what kind of coping strategies were adopted. Since the UCL is actually a trait-scale questionnaire, the 

items were reworded to represent more state-like indicators relevant for the current study (e.g “Seeking 

distraction / “Afleiding zoeken” into “You seek distraction / “Je zoekt afleiding”).  The response scale was 

a 4-point Likert scale (Certainly not – Certainly) and, since three items were excluded, the questionnaire 

consisted of 44 items (e.g. “Sharing your concerns with someone”/ “Je zorgen met iemand delen”) that 

were divided over the seven scales. Active Approach (actief probleem oplossen, α = .59 when item 11 

was removed) and Seeking Social Support (zoeken van sociale steun, α = .84 when items 9, 26 and 40 

were removed) were used to assess problem-focused/approach coping (α = .69). Avoidance (vermijding, α 

= .76 when items 8, 37, 41 and 42 were removed), Passive Coping (passief reactief patroon, α = .61 when 

item 27 was removed), Emotional Expression (expressie van emoties, α = .52 – could not be increased), 

and Comforting Thoughts (geruststellende gedachten, α = .40 – could not be increased) were used to 

assess emotion-focused/ avoidance coping (α = .62). The last scale, Palliative Reaction (palliatief 

aanpakken, α = .698 when items 2, 14 and 22 were removed), is one of its kind and cannot be categorized 

into one of these two categories. Reliability analysis showed that several of these scales had a relatively 

low reliability. The scales that had a Cronbach’s alpha below .6 were excluded from further analysis. 
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V. Anxiety 

The validated Dutch version of the Trait Anxiety Inventory (TAI; Van der Ploeg, Defares & Spielberger, 

1980) and the validated Dutch version of the shortened State Anxiety Inventory (SAI; Van der Bij et al., 

2003) were used as a measure for anxiety. The shortened version of the SAI was chosen as it had the 

same good validity as the normal 20-item SAI. Both the 20 items of the TAI (α = .84) and the 6 items of 

the SAI (α = .81 when item 3 was removed) were presented on 4-point Likert scales, though the response 

scales differed (TAI: Almost never – Almost always and SAI: Not at all – Very much so). The trait scale 

(Anxiety_Trait) was a means to evaluate participants’ general level of anxiety (e.g. “I am a steady 

person”) while the state scale (Anxiety_State) was a means to assess anxiety experienced at that moment 

(temporary, e.g. “I feel frightened”). Trait anxiety was used as a control measure while assessing state 

anxiety after reading the scenario.  

 

VI. Control variables  

A questionnaire tapping in on participants’ demographics, such as age and gender, was employed. Also 

several questions with respect to lighting were asked. The response scale was a 7-point Likert scale 

(Totally not – Extremely). In addition, several questions with regard to soccer and participants' 

nationalism (α = .77) were asked, because the experiment was conducted during the European 

Championship for soccer and the Dutch national color is orange. People exposed to orange pulsating light 

might elicit stronger challenge appraisals just because orange was an often seen color during those days. 

Therefore, it was decided to control for that. Participants were asked to rate the statements on 7-point 

Likert scales (Strongly Disagree – Strongly Agree). 

 

3.1.4. Procedure 

The experiment started with a short introduction and participants were given the opportunity to ask 

questions. If there were no further questions they were asked to sign the informed consent form. As a 

cover story, participants were told that the aim of the study was to gain more insight in performance 

situations while being exposed to a certain light condition, and that this would provide insight into what 

kind of lighting is beneficial in performance situations.  

Participants read the introduction before the sensors that measured their heart rate, GSR and blood 

saturation were attached. To achieve baseline measures people were asked to sit still as much as possible 

for the next two minutes. Showing participants a short nature video that is known for achieving good 

baseline measures (Piferi, Kline, Younger, & Lawler, 2000) was not a useful option as that could elicit 

too much positive affect, thereby causing a ceiling effect. However, waiting in silence without having 

knowledge of the time can be rather frustrating too, eliciting negative affect. Therefore, a countdown (120 
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seconds) was shown on the screen to minimize negative affect as much as possible. Subsequently, they 

were asked to complete the CAS and the TAI questionnaire which assessed their general cognitive 

appraisal style and general anxiety level. The time it took to connect the sensors, to achieve baseline 

measures and to complete the questionnaires could also be seen as a buffer to limit influences of prior 

perceived light (e.g. daylight) and other aspects that could have affected participants’ mood prior to the 

experiment. When finished, the specific light was switched on and participants were asked to type (with 

one hand) what kind of activities they undertook throughout a working week. This task was a bogus task 

and was included to increase the time spent in this specific lighting before moving on. The time spent in 

this lighting was at least two minutes as the ‘next’ button was inactive for that amount of time. When 

finished, instructions about the task at hand were presented. It was explained that they were now going to 

read a scenario about a performance situation and were asked to answer the subsequent questions with 

that scenario in mind. In addition, it was made clear to the participants that after evaluating the scenario, 

they were going to partake in a performance situation similar to the one they were about to read. The 

execution part did not happen, but was only mentioned to increase the relevancy of the scenario and their 

stress-levels even more. The questionnaires that were presented after having read the scenario were the 

state (event-specific) scale of the CAS, the 3-item coping expectancy questionnaire, the UCL 

questionnaire and mood related questionnaires (SAI, MDMQ and SAM). Hereafter, the participants heard 

that they did not have to take part in the execution part of this experiment and were instead asked to 

answer several questions related to lighting and soccer. Then the sensors were detached. Lastly, the 

participants were reimbursed, thanked and debriefed. Figure 10 depicts the experiment procedure in a 

schematic fashion. 
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Figure 10: Schematic overview of the experiment procedure
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4. Results 

 

Outliers were removed from the dataset using boxplots and z-scores (2 SD and a confidence interval of 

5%). The six hypotheses as described in the introduction of experiment 2 were examined chronologically 

and are reported below in six subsections. In addition, we report the correlations between cognitive 

appraisals, coping ability and coping strategies. Lastly, some explorative analyses have been conducted 

and reported as well.  

 

4.1. Affect 

Analyses were performed to investigate whether orange pulsating light, compared to yellow pulsating 

light and white static light, would elicit more positive affect (H.I). Kruskall-Wallis tests were conducted, 

as all the MDMQ and SAM mood variables, except Energetic Arousal, were not normally distributed. The 

Kruskall-Wallis tests provided evidence that the lighting manipulation influenced participants’ pleasure 

and arousal level. That is, the lighting manipulation affected SAM_Pleasure (M = 4.05, Mdn = 4.00, SD 

= .49), χ2(2, N = 75) = 12.18, p = .002, and  SAM_Arousal (M = 2.22, Mdn = 2.00, SD = .79), χ2(2, N = 

73) = 7.03, p = .030.  

Mann-Whitney tests were used to follow up these findings and a Bonferroni correction (.016) was 

applied to control for Type I errors. It appeared that participants who were exposed to yellow pulsating 

light were less pleased (Mean Rank = 20.30) than those who were exposed to white static light (Mean 

Rank = 30.70, U = 182.5, z = -3.20, p = .001, r = -0.45) (Figure 11). Due to taking the Bonferroni 

correction into account, there was no significant difference of SAM_Pleasure between orange and yellow 

pulsating light (p = .02). Also, there was no significant difference of SAM_Pleasure between orange 

pulsating light and white static light (p > .05). In addition, it appeared that participants who were exposed 

to white static light were less aroused (Mean Rank = 29.50) than those who were exposed to yellow 

pulsating light (Mean Rank = 20.31, U = 187.5, z = -2.51, p = .012, r = -0.36) (Figure 12). Due to taking 

the Bonferroni correction into account the arousal level of participants who were exposed to orange 

pulsating light did not significantly differ from the arousal level of those who were exposed yellow 

pulsating light (p =.045). In addition, there was no significant difference of arousal between orange 

pulsating light and white static light (p > .05).  

Compared to white static light, yellow pulsating light decreased participants’ pleasure level and 

increased participants’ arousal level significantly. There were only minor indications of an effect of affect 

between orange and yellow pulsating light, and there were no indications of such an effect between 

orange pulsating light and white static light. Therefore, hypothesis I (orange pulsating light, compared to 

yellow pulsating light and white static light, would elicit more positive affect) could not be confirmed.  
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4.2. Correlations  

Before assessing hypothesis II, III and IV, bivariate and partial correlation analyses were performed to get 

more insights in the relationships between cognitive appraisals, perceived coping ability and coping 

strategies, and which control variables were useful as covariates in future analyses. In addition, these 

correlation analyses were conducted to investigate whether prior found relationships (Blascovich & 

Mendes, 2000; Franks & Roesch, 2006; Shimazu & Schaufeli, 2007; Skinner & Brewer, 2002) between 

challenge and threat appraisals, perceived coping ability and coping strategies were also present in the 

current study.  

Bivariate correlation analyses showed no significant correlations between challenge appraisals on 

the one hand and perceived coping ability and coping strategies on the other hand. However, there were 

significant correlations between threat appraisals, perceived coping ability and coping strategies. As 

expected, threat appraisals were negatively correlated with perceived coping ability (r =- .57, p < .001) 

and with the Active Approach coping strategy (r =- .39, p = .001). In addition, threat appraisals were 

positively correlated with Passive Coping (r = .43, p < .001) and Avoidance (r = .29, p = .011) coping 

strategies. This implies that participants who had stronger threat appraisals were more likely to have a 

lower perceived coping ability and were more likely to engage in Passive and Avoidance coping and less 

in Active Approach coping than participants with weaker threat appraisals. There was no significant 

correlation between challenge appraisals and threat appraisals which implies that weaker threat appraisals 

did not necessarily result in stronger challenge appraisals.  

 Partial correlation analyses were carried out to explore whether these relationships persisted when 

controlling for personal traits. Correlations pointed out that Challenge_Trait (i.e., the degree to which a 

person, in general, has challenge appraisals), Threat_Trait (i.e. the degree to which a person, in general, 

has threat appraisals) and Anxiety_Trait (i.e., the degree to which a person, in general, is anxious) were 

Figure 11: Histogram displaying  the means with 

SDs of SAM_Pleasure per light condition. 

Figure 12: Histogram displaying  the means with 

SDs of SAM_Arousal per light condition. 

p =.001 

p <.05 



Page 28  
 

mutually correlated and were correlated with threat appraisals and coping ability, but not with challenge 

appraisals. See Table 3.  

When controlling for all three personal traits the partial correlation analyses revealed that, except 

for the coping strategy Avoidance, the observed correlations between threat appraisals and coping ability 

and coping strategies persisted. Threat appraisals were negatively correlated with perceived coping ability 

(r = -.56, p < .001) and coping strategy Active Approach (r = -.25, p = .044) and were positively 

correlated with Passive Coping (r = .29, p = .019). Even when controlling for perceived coping ability, 

threat appraisals were still positively related to coping strategy Passive Coping (r = .31, p = .012). 

However, there was no significant correlation between threat appraisals and Active Approach anymore 

indicating that perceived coping ability is a mediator between threat appraisals and Active Approach. A 

bivariate correlation analysis showed indeed a significant positive correlation between perceived coping 

ability and the coping strategy Active Approach (r = .46, p < .001). In sum, when controlling for personal 

traits, threat appraisals elicited a lower perceived coping ability and more passive coping strategies. The 

observed negative relation between threat appraisals and the Active Approach coping strategy seems to be 

mediated by coping ability, suggesting that participants with a high level of perceived coping ability were 

more likely to engage in active approach coping strategies.  

 

4.3. Cognitive Appraisals 

An ANCOVA analysis was performed to examine whether orange pulsating light, compared to yellow 

pulsating light and white static light, would elicit stronger challenge appraisals (i.e. Challenge_State) 

(H.IIa). Challenge_State (M = 4.75, SD = .78) was submitted as the dependent variable and Light 

condition as the independent variable. In order to control for personal traits Challenge_Trait (M = 4.59, 

SD = .65) and Threat_Trait (M = 3.47, SD = 1.10) were included in the analysis. Both covariates had a 

significant effect on the DV Challenge_State and since the correlation between the two covariates was 

Table 3 
Schematic overview of the correlations between control variables and threat appraisals. 

 Challenge_Trait Threat_Trait Anxiety_Trait Threat_Statea Challenge_Stateb Coping Ability 

Challenge_Trait 1 -.26*      -.40**       -.27*            .13          .40** 
Threat_Trait  1 .55** .40**            .22         -.13 
Anxiety_Trait   1 .42**           -.12         -.25* 
Threat_Statea    1            .14 -.57** 
Challenge_Stateb     1          .06 
Coping Ability      1 
a Threat_State is the name for the (momentary) threat appraisals.  
b Challenge_State is the name for the (momentary) challenge appraisals. 
* Significant at the level p < .05 
** Significant at the level p < .001 
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below .3, there was no fear for multicollinearity. Anxiety_Trait (M = 37.72, SD = 6.89), even though 

significant on the DV, was for fear of multicollinearity excluded from the analysis. Orange_Fan (i.e. the 

extent to which a participant was a supporter of the Dutch national soccer team; M = 4.49, SD =1.33) was 

examined as a covariate too, as the European soccer championship was held while the experiment was 

conducted and orange is then an often seen color. However this covariate had no significant effect on the 

DV.  

 The ANCOVA analysis suggested that there was no effect of Light condition on Challenge_State, 

F(2,67) = 1.90, p = .158. There was a minor indication that orange pulsating light did elicit stronger 

challenge appraisals (M = 4.96, SD = .66) than white static light (M = 4.54, SD = .75, p = .056) (Figure 

13). However, as this was only an indication because differences of Challenge_State across light 

conditions were not significant, hypothesis IIa (orange pulsating light, compared to yellow pulsating light 

and white static light, would elicit stronger challenge appraisals) could not be confirmed.  

 

Hypothesis IIb (yellow pulsating light, compared to orange pulsating light and white static light) could 

not be confirmed as there was no effect of Light condition on Threat_State (F < 1). 

 

 

 

 

 

 

 

 

 

 

 

4.4. Coping Ability 

An ANCOVA analysis was performed to investigate whether orange pulsating light, compared to yellow 

pulsating light and white static light, would elicit a higher perceived coping ability (H.III). Perceived 

Coping Ability (M = 4.32, SD = .72) was submitted as the dependent variable and Light condition as the 

independent variable. Only Challenge_Trait (M = 4.59, SD = .65) was included as a covariate to control 

for personal traits as the other three covariates (Threat_Trait, Anxiety_Trait and Orange_Fan) had no 

significant effects on the dependent variable.  

Figure 13: Histogram displaying  the means with 

SDs of Challenge Appraisals per light condition.

Figure  14: Histogram displaying  the means with 

SDs of Coping Ability per light condition. 
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 The ANCOVA analysis suggested that there was no effect of Light condition on Perceived 

Coping Ability, F(2,68) = 2.08, p = .132. There was a minute indication that participants exposed to 

orange pulsating light had a higher perceived coping ability (M = 4.49, SD = .69) than those exposed to 

yellow pulsating light (M = 4.11, SD = .76, p = .046) (Figure 14). Nevertheless, this was only an 

indication and there was no difference of perceived coping ability between orange pulsating light and 

white static light, because differences of Coping Ability across light conditions were not significant. 

Therefore, hypothesis III (orange pulsating light, compared to yellow pulsating light and white static 

light, would elicit a higher perceived coping ability) could not be confirmed.  

 

4.5. Coping Strategies 

Hypothesis IV (orange pulsating light, compared to yellow pulsating light and white static light, would 

elicit the adoption of problem-focused/approach coping strategies) was examined by a 4 (Coping 

Strategies) x 3 (Light condition) MANCOVA analysis. Only four out of seven coping strategies were 

included as the dependent variables, because the reliability of the other three scales was too low (α < .6). 

Palliative Reaction (M = 2.64, SD = .49), Avoidance (M = 1.76, SD = .58), Seeking Social Support (M = 

2.36, SD = .75), and Passive Coping (M = 1.88, SD = .43) were the coping strategies that were included 

as dependent variables. Anxiety_Trait (M = 37.72, SD = 6.89) was included as a covariate to control for 

personal traits, because it had, as opposed to Challenge_Trait and Threat_Trait, a significant effect on all 

dependent variables, except Seeking Social Support. There was no main effect of Light condition 

F(8,128) = 1.22, p = .292 and also the individual analyses suggested that there were no effects of Light 

condition on  Palliative Reaction, F(2,66) = 2.03, p = .139. Avoidance, F(2,66) = 1.93, p = .154, Passive 

Coping, F(2,66) = 1.76, p = .179 or Seeking Social Support (F < 1).  

There was no evidence in favor of hypothesis IV, as the differences of coping strategies across 

light conditions were not significant. Therefore, hypothesis IV (orange pulsating light, compared to 

yellow pulsating light and white static light, would elicit the adoption of problem-focused/approach 

coping strategies) could not be confirmed.  

 There were two minor indications that to some extent the opposite of what was hypothesized was 

true (i.e., compared to white static light, orange pulsating light, elicited the adoption of emotion-

focused/avoidance coping strategies). Participants who were exposed to orange pulsating light were 

(marginally significant) more likely to adopt Avoidance (M = 1.89, SD = .69) and Passive Coping (M = 

1.94, SD = .392) (emotion-focused/avoidance coping) as coping strategies than participants who were 

exposed to white static light (A: M = 1.54, SD = .45, p = .057; PC: M = 1.72, SD = .416, p = .068). See 

Figures 15 and 16. However, the emphasis of these findings is on ‘indication’ as there was no significant 
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effect of light condition on Avoidance and/or Passive Coping. Consequently, conclusions could not be 

drawn and certainty could not be guaranteed.  

 

 

 

 

 

 

 

 

 

 

4.6. Heart Rate 

Before the heart rate and Pulse Transit Time (PTT) could be assessed and analyzed, the raw ECG and 

Plethysmograph signals needed to be transformed and the data reduced. An application, programmed in 

C# using Microsoft Visual Studio, was made to reduce and select the appropriate data in order to calculate 

the average heart rate per minute and PTT.  

Three averages of heart rate per minute and PTT were calculated. One to denote the average heart 

rate and PPT before the scenario was presented (and before the light was turned on) (HR_PreScenario, 

PTT_PreScenario). One to denote the average heart rate and PPT while the scenario was presented 

(HR_Scenario, PTT_Scenario). And one to denote the average heart rate and PPT after the scenario was 

presented (HR_PostScenario, PTT_PostScenario). Similar to Tomaka et al. (1993), HR_PreScenario and 

PTT_PreScenario were based on the final minute before the scenario was presented. And 

HR_PostScenario and PTT_PostScenario were based on the final minute of the post-scenario 

questionnaires (i.e UCL, SAI, MDMQ, SAM), just before it was explained that the execution part was 

unnecessary and control questions were presented. The period of time of the scenario was different for 

each participant because some participants read the scenario faster than others. Therefore in order to 

calculate the average heart rate per minute for the scenario period (HR_Scenario), the average heart rate 

during the scenario was divided by the time in seconds it took the participant to read to scenario, times 

sixty seconds. The exact calculation process of the average heart rates per minute and average PTTs for is 

described in appendix I.  

 

The physiological data of six participants were incomplete or too noisy to calculate the average heart rate 

per minute of the pre-scenario, scenario and post-scenario period (see Figure 17 for an accurate example). 

Figure 15: Histogram displaying  the means with 

SDs of Avoidance per light condition. 

Figure  16: Histogram  displaying  the means with 

SDs of Passive Coping per light condition. 
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Therefore, the physiological data of sixty-nine participants (23 per light condition) were included in the 

following analysis. 

 

 

 

  

 

 

 

 

 

 

 

 

 

To assess hypothesis V (the average heart rate would increase while the scenario is presented, however 

the onset of the specific light would not cause any differences in the average heart rate) a repeated 

measures ANOVA was performed. The variables HR_PreScenario (M = 75.65, SD = 13.29), 

HR_Scenario (M = 75.04, SD = 13.96) and HR_PostScenario (M = 74.42, SD = 13.05) together, 

constituted the within-subjects factor Phase and Light condition was the between-subjects factor. Given 

hypothesis V it was expected that we would observe a main effect of Phase, but no interaction effect 

between Phase and Light condition. The analysis showed that there was a main effect of Phase, F(2,132) 

= 8.09, p < .001, and a main effect of Light condition, F(2,66) = 3.33, p= .042, but no interaction effect, 

F < 1. 

  Pairwise comparisons (Figure 18) revealed that participants had a higher average heart rate per 

minute during the pre-scenario period (M = 75.65, SD = 13.29) than during the scenario period (M = 

74.55, SD = 13.43, p = .017) and post-scenario period (M = 73.93, SD = 12.88, p < .001). In addition, 

due to a significant effect of Light condition it seemed that participants exposed to yellow pulsating light 

had a higher average heart rate (M = 80.19, SD = 13.41) than those exposed to the orange pulsating light 

(M = 71.20, SD = 9.76, p = .019) and white static light (M = 72.74, SD = 14.69, p = .049) (Figure 19) 

However, there was no interaction effect and Figure 19 illustrates that the latter effect could not be 

ascribed to the onset of the specific light participants were exposed to. The observed main effect of Light 

condition was just a coincidence because the average heart rate per minute for participants who were 

exposed to the yellow pulsating light was already high before they were even exposed to that light 

Figure 17. Example of an accurate ECG‐signal from a participant. The y‐axis is reversed scaled due to a mix up 

with the ground and one of the other electrodes. The x‐axis denotes time in seconds, the y‐axis denotes ECG in 

mV.  
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(HR_PreScenario yellow: M = 81.04, SD = 13.75, HR_Scenario yellow: M = 79.78, SD = 13.39). Thus, 

although the average heart rate per minute did differ across light conditions, it was not due to the onset of 

a specific light. Therefore, hypothesis V (the average heart rate would increase while the scenario is 

presented, however the onset of the specific light would not cause any differences in the average heart 

rate) could only be partially confirmed as the average heart rate decreased during the scenario period.  

 

 

4.7. PTT – Indication of Blood Pressure 

Since accurate ECG-data was required to calculate the PTT values, already 6 participants were excluded 

as these had no accurate ECG-data. Then an additional 8 participants were excluded, because more than 

10 percent of their PTT values were inaccurate which was caused by an unstable and noisy 

Plethysmograph signal. As a result, the physiological data of sixty-one participants (19 in the orange light 

condition – 21 in the other two light conditions) were included in the following analysis.  

To assess hypothesis VI (orange pulsating light (as an elicitor of challenge appraisals), compared 

to yellow pulsating light (as an elicitor of threat appraisals), would evoke a higher PTT and thus a lower 

blood pressure) a repeated measures ANOVA was performed. The variables PTT_PreScenario (M = 

0.324, SD = 0.0203), PTT_Scenario (M = 0.322, SD = .021), and PTT_PostScenario (M = 0.326, SD = 

0.021) constituted together the within-subjects factor Phase and Light condition was the between-subjects 

factor. Given hypothesis VI, it was expected that an interaction effect between Light condition and Phase 

could be observed, because the light was not turned yet on during the Pre-scenario period. The analysis 

rendered that there was an effect of Phase, F(2,116) = 9.21, p < .001, and a marginal effect of Light 

condition, F(2,58) = 2.68, p= .077, but there was no interaction effect, F < 1.  

Pairwise comparisons (Figure 20) revealed that participants had a lower average PTT during the 

scenario period (M = .322, SD = .0205) than during the pre-scenario period (M = .324, SD = .020, p = 

.046) and post-scenario period (M = .326, .021, p < .001). A lower PTT suggests that people had a higher 

p <.05  p <.001 

Figure 18: Histogram displaying the means with SDs of 

average heart rate per period. 

Figure 19: Histogram displaying the means with SDs of 

average heart rate per light condition per period.
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blood pressure, indicating a feeling of threat, while the scenario was presented, then before or after the 

presentation of the scenario. In addition, due to a significant effect of Light condition it seemed that 

participants exposed to orange pulsating light had a (marginal) higher PTT (M = .333, SD = .020) than 

those exposed to the yellow pulsating light (M = .321, SD = .020, p = .059) and white static light (M = 

.320, SD = .021 p = .039) suggesting that participants who were exposed to the orange lighting had a 

lower blood pressure. However, there was no interaction effect and Figure 21 illustrates that the latter 

effect could not be ascribed to the onset of the specific light participants were exposed to. Inspecting the 

means of orange pulsating light confirmed this as the mean of the PTT was already high, compared to the 

other light conditions, before participants were even exposed to the specific light (PTT_PreScenario 

orange: M = .333, SD = .019, PTT_Scenario orange: M = .330, SD = .020).  Thus, although the PTT was 

higher and thus the blood pressure lower for participants in the orange pulsating light condition, it was not 

due to the onset of the light. Therefore, hypothesis VI (orange pulsating light (as an elicitor of challenge 

appraisals), compared to yellow pulsating light (as an elicitor of threat appraisals), would evoke a higher 

PTT and thus a lower blood pressure), could not be confirmed.   

 

  

4.8. Exploratory analysis 

When Gender was added to the analyses as an additional factor, it turned out to not only have an effect on 

cognitive appraisal, coping ability and coping strategy, but also increased the significance of IV Light 

condition on these three dependent variables. Since main effects were significant now, the most 

interesting effects were summarized below. A full report of the analysis can be found in Appendix J. 

Nevertheless, these results should be interpreted with caution and no conclusions could be drawn as only 

27 females (vs. 48 males) who were unequally distributed across conditions, participated in the current 

study.  

 

Figure 21: Histogram displaying the means with SDs of 

average PTT per light condition per period. 

Figure 20: Histogram displaying the means with SDs of 

average PTT per period. 

p <.05  p <.001 
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Challenge Appraisals: When Gender was added as a factor, the contrast between orange pulsating light 

(M = 4.96, SD = .658) and white static light (M = 4.54, SD = .75) on challenge appraisals did become 

significant (p = .035). In addition, females had stronger challenge appraisals (M = 4.88, SD = .86) than 

males (M = 4.69, SD = .73, p = .1).  

Threat Appraisals: Females had stronger threat appraisals (M = 4.44, SD = .93) than males (M = 3.57, SD 

= .96, p < .001). 

Coping Ability: Participants who were exposed to yellow pulsating light had a lower perceived coping 

ability (M = 4.11, SD = .76) than those exposed to orange pulsating light (M = 4.47, SD = .68, p = .033) 

and white static light (M = 4.37, SD = .70, p = .051). In addition, females had a lower perceived coping 

ability (M = 4.01, SD = .72) than males (M = 4.49, SD = .67, p = .002). 

Coping Strategies: Participants who were exposed to white static light were less likely to adopt Palliative 

Reaction as a coping strategy (M = 4.11, SD = .76) than those exposed to orange (M = 4.47, SD = .68, p 

= .035) and yellow pulsating light (M = 4.37, SD = .70, p = .024) and participants exposed to white static 

light were less likely to adopt Passive Coping as a coping strategy (M = 4.11, SD = .76) than those 

exposed to orange (M = 4.47, SD = .68, p = .027). In addition, females were more likely to adopt Seeking 

Social Support as a coping strategy (M = 4.37, SD = .70), than males (M = 4.37, SD = .70, p < .001) and 

females who were exposed to white static light were less likely to adopt palliative reaction as a coping 

strategy (M = 2.22, SD = .41) than females exposed to orange (M = 2.88, SD = .58 p = .023) and yellow 

pulsating light (M = 2.83, SD = .63, p = .025).  

 

  

Figure 22: Overview of pie‐charts displaying  the share of each coping strategy  for each  light condition per 

gender. The upper three display the shares for females, the lower three for males. The two coping strategies 

displayed in the darker colors together constitute avoidance/emotion‐focused coping. 

Males 

Females 
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5. Discussion 

 

Earlier research has shown that prolonged stress responses and an inability to recover from stress could 

have detrimental effects on our health and well-being (e.g. McEwen, 1998; Sarafino, 2008; Verstappen, 

2009). The employment of stress interventions is therefore essential, and exploring opportunities for 

flexible and low-cost stress interventions is of importance. Recently, Wan (2011) suggested that orange 

pulsating light was most promising to support stress recovery. Even though results indicated that 

compared to white pulsating light and orange static light, both white static light and orange pulsating light 

significantly reduced participants’ anxiety levels, it was the orange pulsating light that elicited the most 

positive affect and was therefore regarded as most promising to support stress recovery. However, as the 

study was explorative Wan (2011) did not investigate underlying mechanisms of the observed effects. 

Examining underlying mechanisms could provide insights in the way cognitive appraisals are formed and 

could be influenced which facilitates the employment of new, flexible and low-cost stress interventions. 

The current research argued that the concept of affective cues is an important underlying mechanism and 

could offer an explanation for the effects found because affective cues could influence the cognitive 

appraisal process to such extent that challenge instead of threat appraisals are activated, thereby 

increasing coping ability and reducing anxiety.  

By means of two experiments in which participants were exposed to a specific form of lighting, 

the present research investigated whether colored pulsating light could function as an affective cue 

thereby influencing participants’ cognitive appraisals, coping ability and adoption of specific coping 

strategies. Even though results suggested that, in line with earlier research (Blascovich & Mendes, 2000; 

Franks & Roesch, 2006; Shimazu & Schaufeli, 2007; Skinner & Brewer, 2002), stronger threat appraisals 

led to a lower level of perceived coping ability and the adoption of emotion-focused/avoidance coping, 

there was no substantial evidence to support the notion that colored pulsating light could function as an 

affective cue thereby influencing cognitive appraisals, coping ability and coping strategies. 

Contrary to Wan’s pre-test (2011), the present studies did not find that (compared to white static 

light) orange pulsating light could elicit positive affect. Experiment 1 was conducted to investigate 

whether colored pulsating light could function as an affective cue, and the results suggested that there was 

no (observable) effect on affect at all. We argued that the limited exposure time before assessing affect 

was a major limitation and might have been the reason that no effects of affect could be observed. The 

results of experiment 2 indeed suggested that that could have been the reason as in this experiment there 

was an effect of affect (SAM_Pleasure) across light conditions. However, follow-up tests suggested that 

yellow pulsating light elicited less positive affect than white static light and that no significant difference 

in affect between orange pulsating light and white static light could be observed. These findings imply 
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that orange pulsating light is not able to elicit positive affect but that yellow pulsating light elicits, 

compared to the other two conditions, more negative affect. This would be in line with Varkevisser et al. 

(2011) who provided evidence that, compared to fluorescent white lighting, colored and especially yellow 

lighting elicited negative affective responses. Nevertheless, the findings of the present study or perhaps 

the lack thereof, demonstrate once again how complex the presumable relation between light and affect is. 

As argued before, in order to be able to measure affect, affective meanings need to reach consciousness 

first which, as Zajonc (2000) demonstrated, often fails to do so. Taking this notion into account as well as 

the subjective measures used for assessing mood it is worth mentioning that both Varkevisser et al. (2011) 

and the present study only found effects on affect measures with the SAM measure. The SAM is a non-

verbal pictorial questionnaire and does not make use of words, which is a more intuitive form of assessing 

affective responses and possibly therefore requires less consciousness than the regular verbal 

questionnaires. As a result, this can increase the likelihood that differences in affect can be observed. 

After all, if there are any effects of light on affect they seem to be very subtle as shown by the 

inconsistency in results of previous research. Moreover, the external validity of such (intuitive) non-

verbal measures might be higher as translation issues are greatly reduced. It might be valuable for future 

research with regard to lighting to consider the abovementioned and assess affective responses with more 

intuitive measures than by the regular verbal measures.  

Nevertheless, there were indications that features of affective cues could influence affective and 

cognitive processes without being mediated by mood. Meaning that, even though colored pulsating light 

did not elicit observable affective responses, it could still be able to influence cognitive appraisals, 

perceived coping ability and coping strategies. There were some indications that, as expected, participants 

exposed to orange pulsating light had stronger challenge appraisals than those exposed to white static 

light, and had a higher perceived coping ability than those exposed to yellow pulsating light. But no 

differences could be observed between orange and yellow pulsating light with respect to challenge 

appraisals and between orange pulsating light and white static light with respect to perceived coping 

ability. In addition, there were indications that, contrary to what was expected, orange pulsating light, 

compared to white static light, elicited the adoption of emotion-focused/avoidance coping strategies. 

However, no solid conclusions could be drawn as these were only indications because the main effects of 

light conditions on challenge appraisals, coping ability and coping strategies were not significant. 

Moreover, the small results were inconsistent across the different dependent variables, sometimes 

favoring orange over white (challenge appraisals), sometimes orange over yellow (coping ability) and 

sometimes white over orange (coping strategies). Given these weak effects and inconsistent patterns, we 

must conclude that in the present study colored pulsating light did not function as an affective cue as it 
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did not robustly elicit positive affect or influence cognitive appraisals, coping ability and coping 

strategies.  

Given the experimental procedure and previous research, there were several limitations that could 

explain why no significant effects of cognitive appraisals, coping ability and coping strategies across light 

conditions could be observed. First of all, a self-selection bias could have influenced the results, because 

participation was on a voluntarily basis. A person who feels easily threatened and has high levels of 

anxiety is less likely to voluntarily participate in (performance related) experiments. The means of the 

trait scales showed that those of anxiety and threat were around the scales’ average, however, the mean of 

Challenge_Trait (average of 4.59 on a 6-point scale), was rather high, possibly causing a ceiling effect. 

Consequently, it might have been that the participants were not influenced by the pulsating light as they 

were already challenged and did not need to rely on environmental stimuli that could have influenced 

their appraisal process. Future research regarding this topic should consider ways to minimize this self-

selection bias. For example, by inviting students who are required to participate in experiments in 

exchange for credits. 

Secondly, the subjective measures that assessed participants’ cognitive appraisal style, perceived 

coping ability and the adoption of coping strategies may not have functioned optimally. Although 

cognitive appraisals and coping ability were assessed with validated questionnaires, the questionnaires 

were translated to Dutch, which might have caused noise and might be the reason for the rather low 

reliability score of Challenge_State. The questionnaire assessing coping strategies was a validated Dutch 

questionnaire, however, it was a trait questionnaire, which was altered into a state questionnaire, because 

there were no Dutch state questionnaires and only a few English ones which were either inadequate or out 

of reach. The internal consistency of many of the assessed scales was below the minimum suggesting that 

the alteration from trait to state was probably a not so good idea.  Besides, it should be noted that 

assessing both trait and state scales during the same experiment can be rather tricky, because answers to 

trait scales are influenced by momentary feelings and vice versa. As a result, it requires the manipulation 

to be rather strong, which could not really be expected, given the difficulty in finding consistent effects in 

lighting studies. It might be important for future studies to consider these impracticalities and to choose, if 

possible, for validated questionnaires in the right language or, as suggested above, for non-verbal 

questionnaires such as the SAM.  

Lastly, the associations that were elicited by the colored pulsating light might have been less 

strong than for colors in general and were therefore less likely to have the same influence on affect, 

cognition and/or behavior across participants. Elliot et al. (2007) argued that people have very strong 

associations with color, because colors and messages, concepts, and experiences are paired from infancy 

onwards. They provided evidence that merely the presence of a color could influence affect, cognition 
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and behavior. However, in line with Zajonc (2000), it is likely that people have less strong associations 

with colored pulsating light as they have fewer experiences with colored pulsating light, especially when 

compared to the familiarity of the environmental stimuli (e.g. music while working and the presence of 

pet dog) that were used in previous successful affective cue studies (Allen & Blascovich, 1994; Allen et 

al., 1991). Consequently, with respect to Elliot et al. (2007) the influence on affective, cognitive and 

behavioral processes was less likely to be the same for all participants. Although the findings of 

Experiment 1 did suggest that, compared to orange pulsating light, yellow pulsating light elicited more 

associations related to threat, it was during Experiment 1 not thoroughly investigated what the strength of 

these associations was and what impact they had on cognition and behavior, nor were these compared to a 

setting with white static light. When inspecting the means of the threat association variable one could 

conclude that these were rather low, suggesting that the strength of these associations was weak. Given 

the findings of Experiment 2, it might have been the case that even though similar associations were 

elicited, these were not that strong and had a different impact per participant, which cancelled out the 

effects of cognitive appraisals, coping ability and coping strategies. This is illustrated by the following 

example, the color yellow might remind us of danger (e.g. wasp or an ambulance) eliciting feelings of 

fear and stronger threat appraisals, whereas yellow pulsating light might remind us of danger as well, but 

since we haven’t experienced the color yellow in the form of pulsating light that often (less strong 

association), it might not (always) lead to high feelings of fear and to stronger threat appraisals, and 

consequently has no effect on coping ability and coping strategies either. With respect to perceiving 

colored pulsating light as an affective cue, the findings of the current research suggest that it is the 

strength of the paired associations that is particularly of importance in order to influence affect, cognition 

and behavior. However, future research is necessary to investigate the effects of (strong) associations 

elicited by colored pulsating light on affective, cognitive and behavioral processes more thoroughly. This 

would require assessing, manipulating, and/or controlling for, the strength of associations elicited by 

colored pulsating light. As shown by previous studies, a means to enhance the strength of the associations 

is to increase the familiarity of the stimulus. Future research regarding this topic should therefore consider 

investigating whether colored pulsating light could be perceived as an affective cue when is it has become 

a familiar stimulus (either via manipulation or grown over time).  

Unexpectedly, gender had a large effect on the significance of the model. A few studies with 

regard to FSFL-lighting and affect reported gender effects (Hygge & Knez, 2001; Knez, 1995; Knez & 

Enmarker, 1998; Knez & Kers, 2000), but these contradicted each other. For studies with respect to 

challenge and threat appraisals, coping ability and coping strategies, there were in hindsight some 

indications that gender effects existed. Only female dog owners participated in the study of Allen and 

Blascovich (1994) and surgeons, in those days typically a male profession, participated in the study of 
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Allen et al. (1991). Nevertheless, these researchers conducted similar studies with mixed samples too and 

similar results were obtained. The inclusion of gender in the current research resulted in significant effects 

of cognitive appraisals, coping ability and coping strategies across lighting conditions, thereby suggesting 

that colored pulsating light could function as an affective cue as it influenced these three aspects. 

However, these results cannot be considered as robust, because only 27 females (vs. 48 males) who were 

also unequally distributed across conditions, participated in the study. Also, the direction of these effects 

were, as before, inconsistent, sometimes favoring orange over white (challenge appraisals), sometimes 

orange over yellow (coping ability) and sometimes white over orange (coping strategies). Taken together, 

it remains uncertain whether colored pulsating light can function as an affective cue. Nevertheless, given 

results of earlier research and the observed (interaction) effects, future research should consider including 

gender as an additional factor, by using a sample that consists of an equal and considerable amount of 

males and females.  

To our knowledge the current research was the first study that investigated whether colored 

pulsating light could function as an affective cue thereby influencing cognitive appraisals, coping ability 

and the adoption of coping strategies. Although there was no substantial evidence to confirm this notion, 

the current research did provide insights in the determinants of perceiving colored pulsating light as an 

affective cue. In particular, the current research suggested that it is the strength of the paired associations 

that is of importance in order to influence affect, cognition and behavior. It is without a doubt an 

interesting field of research that deserves given the future suggestions and possibilities more attention. 

The minor indications that became more pronounced when gender was included as an additional factor 

and the effects and suggestions concerning the elicitation of (threat) associations, still hint in the direction 

that colored pulsating light could function as an affective cue as it is able to influence cognitive 

appraisals, coping ability and the adoption of coping strategies. After all, gaining insights in the affective, 

cognitive and behavioral effects of colored pulsating light facilitates the employment of new, flexible and 

low-cost stress interventions. 
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Appendix A: The MDMQ and SAM Questionnaires 
 
The MDMQ (Steyer, Schwenkmezger, Notz, & Eid, 1997) consists of 12 items that have to be rated along 

a 5-point Likert scale (Definitely not Absoluut niet – Extremely Ontzettend). Mood is assessed on three 

dimensions, Valence (GB), Energetic Arousal (AT), and Calmness (CN). For the current study the items 

were translated to Dutch. The negative items (-) were inverted.  

1. Tevreden / Content (GB+) 

2. Alert / Alert (AT+) 

3. Nerveus / Nervous (CN-) 

4. Slecht / Bad (GB-) 

5. Uitgeput / Exhausted (AT-) 

6. Kalm / Calm (CN+) 

7. Moe / Tired (AT-) 

8. Goed / Good (GB+) 

9. Ongemakkelijk / Uncomfortable (GB-) 

10. Energiek / Energetic (AT+) 

11. Ongelukkig / Unhappy (GB-) 

12. Ontspannen / Relaxed (CN+) 

 

The Self-Assessment Manikin (SAM; Bradley & Lang, 1994) is a non-verbal pictorial questionnaire and 

assesses, by means of 3 items, each consisting of 5 pictures, affective responses on the dimensions 

Pleasure, Arousal and Dominance (i.e. 1 item per dimension). The Dominance dimension is inverted. 

 

 

Figure 23. SAM ‐ The Pleasure dimension  

Figure 24. SAM ‐ The Arousal dimension  

Figure 25. SAM ‐ The Dominance dimension 
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Appendix B: Atmosphere Perception Questionnaire 
 

Both the English and Dutch version of the Atmosphere perception questionnaire are validated measures. 

For this questionnaire participants are asked to rate the applicability of these terms below with respect to 

the environment they were in, on a 7-point scale from ‘not applicable at all’ (Absoluut niet van 

toepassing) to ‘very applicable’ (Zeer goed van toepassing). Perceived atmosphere is assessed on four 

dimensions: Coziness, Liveliness, Tenseness and Detachment (Vogels, Sekulovski & Rijs, 2009). 

 

1. Behaaglijk / Cozy (Coziness) 

2. Inspirerend / Inspiring (Liveliness) 

3. Beangstigend / Terrifying (Tenseness) 

4. Formeel / Formal (Detachment) 

5. Geborgen / Safe (Coziness) 

6. Levendig / Lively (Liveliness) 

7. Bedreigend / Threatening (Tenseness) 

8. Kil / Chilly (Detachment) 

9. Intiem / Intimate (Coziness) 

10. Stimulerend / Stimulating (Liveliness) 

11. Gespannen / Tense (Tenseness) 

12. Zakelijk /  Business (Detachment) 
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Appendix C: Cognitive Appraisal Style Questionnaire – State and Trait 
 
The Cognitive Appraisal Style questionnaire (CAS; Skinner & Brewer, 2002) exists of both a trait scale 

and a state scale. The trait scale exists of 18 items, the state scale of 8 items. Both scales used a 6-point 

Liker scale (Strongly disagree Helemaal niet mee eens - Strongly agree Helemaal mee eens). Below you 

will find the validated English questionnaire and its Dutch translation that was included in the experiment. 

 
CAS_Trait 

1. Ik concenteer me op de positieve aspecten van iedere situatie. (C)  

I tend to focus on the positive aspects of any situation. 

2. Ik ben bang dat ik de verkeerde dingen zeg of doe (T) 

I worry that I will say or do the wrong things.  

3. Ik denk vaak aan hoe het zal zijn als ik het erg goed doe.(C) 

I often think about what it would be like if I do very well.  

4. Ik geloof dat de meeste stressvolle situaties voordelen hebben. (C) 

I believe that most stressful situations contain the potential for positive benefits.  

5. Ik maak me druk om de indruk die ik maak. (T) 

I worry about the kind of impression I make.  

6. Ik ben bezorgd dat anderen me op fouten betrappen. (T) 

I am concerned that others will find fault with me. 

7. Over het algemeen verwacht ik eerder dat ik succes heb dan dat ik faal. (C) 

Overall I expect that I will achieve success rather than experience failure. 

8. In het algemeen kijk ik uit naar de beloningen en voordelen van succes. (C) 

In general I look forward to the rewards and benefits of success. 

9. Soms denk ik dat ik te bezorgd ben om wat andere mensen van me denken. (T) 

Sometimes I think that I am too concerned with what other people think of me. 

10. Ik laat moeilijkheden zich opstapelen zodat ik ze niet meer alleen aankan. (T) 

 I feel that difficulties are piling up so that I cannot overcome them. 

11. Ik heb een tekort aan zelfvertrouwen. (T) 

I lack self confidence. 

12. Een uitdagende situatie motiveert me om mijn inzet te verhogen. (C) 

A challenging situation motivates me to increase my efforts. 

13. Over het algemeen verwacht ik dat ik in mijn gekozen activiteiten eerder succesvol ben dan 

vruchteloos. (C) 
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In general I anticipate being successful at my chosen pursuits, rather than expecting to 

fail.  

14. Ik ben bang wat andere mensen van me denken ook al zou dat geen verschil maken. (T) 

I worry what other people will think of me even when I know that it doesn’t make any 

difference.  

15. Ik ben bezorgd dat anderen mij niet goedkeuren. (T) 

I am concerned that others will not approve of me. 

16. Ik kijk uit naar mogelijkheden die de grenzen van mijn vaardigheden en bekwaamheid testen. (C) 

I look forward to opportunities to fully test the limits of my skills and abilities. 

17. Ik maak me druk om wat andere mensen van me denken. (T) 

I worry about what other people may be thinking about me. 

18. Ik voel me een mislukkeling. (T) 

I feel like a failure. 

 

CAS_State 

1. Ik ben bezorgd dat anderen teleurgesteld gaan zijn om mijn prestatie. (T) 

I’m concerned that others will be disappointed in my performance.  

2. Ik ben bang dat ik niet in staat ben om het beoogde cijfer te halen. (T) 

I worry that I may not be able to achieve the grade I am aiming for.  

3. Ik kijk er naar uit om mijn kennis, vaardigheden en bekwaamheid te testen. (C) 

I am looking forward to testing my knowledge, skills, and abilities.  

4. Ik concenteer me op de voordelen die ik van deze situatie verkrijg. (C) 

I am focused on the positive benefits I will obtain from this situation 

5. Ik denk aan de gevolgen van een slechte prestatie. (T) 

I am thinking about the consequences of performing poorly. 

6. Ik ben bezorgd of ik onder druk kan presteren. (T) 

I’m concerned about my ability to perform under pressure.  

7. Ik kijk uit naar de beloningen van succes. (C) 

I am looking forward to the rewards of success. 

8. Ik denk aan de gevolgen van een goede prestatie. (C) 

I am thinking about the consequences of performing well. 
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Appendix D: Perceived Coping Ability Questionnaire 

 

Perceived coping ability was assessed by the 3–item questionnaire about expected coping ability as 

developed by Skinner and Brewer (2002). It tapped perceived coping ability on 6 point Likert scales 

(Little confidence – Much confidence).  

 
 

1. Ik kan de eisen van de situatie aan. 

I can cope with the demands of the situation. 

2. Ik ben in staat om mislukkig te voorkomen. 

I am able to avoid failure.   

3. Ik ben in staat om het beoogde cijfer te halen. 

I am able to achieve the desired grade. 
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Appendix E: Utrechtse Coping Lijst – State  
 

The Dutch questionnaire, the Utrechtse Copinglijst (UCL; Schreurs & Van de Willige, 1988) assesses 

what kind of coping strategies are adopted. The UCL is actually a trait-scale questionnaire, but was 

altered into a state-scale questionnaire, by altering the way the questions were asked.  The response scale 

was a 4-point Likert scale (Certainly not Zeker niet – Certainly Zeker wel) and, since three items were 

excluded, the state-scale consisted of 44 items that were divided over the seven scales: Active Approach 

(actief probleem oplossen), Seeking Social Support (zoeken van sociale steun), Avoidance (vermijding), 

Passive Coping (passief reactief patroon), Emotional Expression (expressie van emoties), Comforting 

Thoughts (geruststellende gedachten) and Palliative Reaction (palliatief aanpakken). 

1. Je bedenken dat er nog wel ergere dingen kunnen gebeuren 

2. Je probeert te ontspannen 

3. Je zondert je volledig af van anderen 

4. Je laat je ergernis blijken 

5. Je ziet de zaken somber in 

6. Je houdt je met andere dingen bezig om niet aan de situatie te hoeven denken 

7. Je vermijdt de situatie  

8. Je legt je neer bij de gang van zaken  

9. Je deelt je zorgen met iemand 

10. Je zegt tegen jezelf dat het allemaal wel mee zal vallen 

11. Je ziet de situatie als een uitdaging 

12. Je verdrijft je zorgen tijdelijk door er even uit te gaan 

13. Je kijkt de kat uit de boom  

14. Je probeert spanningen te verminderen door bijv. meer te roken, drinken, eten of beweging nemen 

15. Je zoekt afleiding  

16. Je bekijkt het probleem van alle kanten 

17. Je gaat de situatie zoveel mogelijk uit de weg  

18. Je blijft optimistisch over de toekomst 

19. Je blijft kalm in deze situatie 

20. Je bedenkt verschillende mogelijkheden om dit probleem op te lossen 

21. Je gaat doelgericht te werk om dit probleem op te lossen 

22. Je zoekt opgewekt gezelschap omdat je je zorgen maakt of van streek bent 

23. Je probeert je te onttrekken aan de situatie 

24. Je reageert je spanningen af 
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25. Je wacht op betere tijden  

26. Je vraag iemand om hulp  

27. Je gebruikt rustgevende middelen omdat je je gespannen voelt of nerveus bent 

28. Je vlucht weg in fantasieën 

29. Je zet de zaken eerst op een rij  

30. Je laat je geheel en al in beslag nemen door de situatie 

31. Je denkt aan andere dingen die niet met de situatie te maken hebben 

32. Je probeert je op de een of andere manier je wat prettiger te laten voelen 

33. Je bedenkt je dat anderen het ook wel eens moeilijk hebben 

34. Je bedenkt je dat na regen zonneschijn komt 

35. Je toont je gevoelens 

36. Je zoekt troost en begrip 

37. Je laat het over je heen komen  

38. Je ziet de humoristische kant van de situatie 

39. Je laat merken dat je ergens mee zit 

40. Je bespreekt met vrienden of familieleden de situatie  

41. Je laat de zaak op z'n beloop 

42. Je maakt je niet druk: alles komt op zijn pootjes terecht 

43. Je voelt je niet in staat om iets te doen 

44. Je spreekt jezelf moed in  

 

Coding Scheme: 

Active Approach: items 11, 16, 19, 20, 21, 29 

Seeking Social Support: items 9, 26, 35, 36, 39, 40 

Avoidance: items 7, 8, 13, 17, 23, 37, 41, 42 

Passive Coping: items 3, 5, 27, 28, 30, 43 

Emotional Expression: items 4, 24 

Comforting Thought: items 1, 10, 33, 34, 44  

Palliative Reaction: items 2, 6, 12, 14, 15, 22, 31, 32 

Lose ends: items 18, 25, 38 

  



Page 56  
 

Appendix F: State-Trait Anxiety Inventory  
 

The validated Dutch version of the Trait Anxiety Inventory (TAI; Van der Ploeg, Defares & Spielberger, 

1980) and the validated Dutch version of the shortened State Anxiety Inventory (SAI; Van der Bij et al., 

2003) were used as a measure for anxiety. Both the 20 items of the TAI (α=.842) and the 6 items of the 

SAI (α=.810 when item 3 was removed) were presented on a 4-point Likert scale, though the response 

scales differed (TAI: Almost never – Almost always and SAI: Not at all – Very much so). The TAI items 

1, 3, 6, 7, 10, 13, 14, 16, 19 were inverted. Of the SAI the items 1,5,6 were inverted.  

 
TAI 

1. Ik voel me prettig  

I feel pleasant 

2. Ik voel me nerveus en rusteloos  

I feel nervous and restless 

3. Ik ben tevreden met mijzelf 

I feel satisfied with myself 

4. Ik zou willen dat ik even gelukkig was als anderen lijken te zijn 

I wish I could be as happy as others seem to be 

5. Ik voel me een mislukkeling 

I feel like a failure 

6. Ik voel me uitgerust 

I feel rested 

7. Ik ben kalm, cool en beheerst 

I am ‘calm, cool, and collected’ 

8. Ik voel dat de moeilijkheden zich zodanig opstapelen dat ik ze niet de baas kan zijn 

I feel that difficulties are piling up so that I can't overcome them 

9. Ik maak me te veel zorgen over iets dat niet echt van belang is 

I worry too much over something that really doesn't matter 

10. Ik ben gelukkig 

I am happy 

11. Ik heb verstoorde gedachten 

I have disturbing thoughts 

12. Ik heb een gebrek aan zelfvertrouwen 

I lack self-confidence 
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13. Ik voel me veilig 

I feel safe 

14. Ik maak makkelijk beslissingen 

I make decisions easily 

15. Ik voel me onbekwaam 

I feel inadequate 

16. Ik ben tevreden 

I am content  

17. Een onbelangrijke gedachte gaat door mijn hoofd en valt me lastig 

Some unimportant thought runs through my mind and bothers me 

18. Ik voel teleurstellingen zo scherp dat ik ze niet uit mijn gedachten kan krijgen 

I take disappointments so keenly that I can't put them out of my mind 

19. Ik ben een stabiel persoon 

I am a steady person 

20. Ik kom in een staat van spanning of onrust als ik aan mijn recente zorgen denk 

I get in a state of tension or turmoil as I think over my recent concerns  

 

Short SAI 

1. Ik voel me kalm / I feel calm 

2. Ik ben gespannen / I am tense 

3. Ik ben in de war / I feel upset 

4. Ik maak me zorgen / I am worried 

5. Ik ben tevreden / I feel content 

6. Ik ben ontspannen / I am relaxed 
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Appendix G: Control Variables Questions  
 

Lighting questions - 7-point Likert scale (Totally not Helemaal niet – Extremely Heel erg)  

1. Hoe aangenaam vind je de verlichting? 

2. Hoe geschikt vind je de hoeveelheid van het licht om in te werken? 

3. Hoe geschikt vind je de kleur van het licht om in te werken? 

4. Hoe rustgevend vind je de verlichting? 

5. Hoe motiverend vind je oranje verlichting? 

6. Hoe motiverend vind je gele verlichting? 

 

Soccer questions - 7-point Likert scale (Strongly disagree Helemaal niet mee eens – Strongly agree 
Helemaal mee eens) 

1. Ik voel me verbonden met het Nederlands elftal 

2. Tijdens het EK kijk ik naar iedere wedstrijd van Nederland 

3. Ik ben erg positief over ons oranje team 

4. Ik ben nationalistisch van aard 
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Appendix H: Scenario Exam Performance 
 

The ambiguous scenario below about exam performance was successfully been used before by Skinner 

and Brewer (2002).  

 

Shortly you will be taking an end of year exam. This exam is worth 50% of your final grade. The grade 

you receive in this course will determine whether you can enroll in an important subject next year. The 

content of the exam has been kept strictly secret, therefore you are unsure whether the exam questions 

will be difficult or relatively easy. Throughout the semester you had to apply more effort than usual to 

achieve satisfactory grades in this course. 

 

The ambiguous scenario about exam performance was successfully been used before by Skinner and 

Brewer (2002). Like their sample population, the current study’s sample population existed of university 

students which made the scenario about exam performance highly relevant and was certainly something 

participants could relate to. Besides, the experiment was held shortly before the examination period of the 

final academic semester.  

 

The Dutch translation below was used in the experiment  

Binnenkort zul je deelnemen aan een afsluitend tentamen. Het tentamen bepaalt voor 50% je 

uiteindelijke cijfer en het cijfer dat je behaalt voor dit vak zal bepalen of je volgend collegejaar 

mag deelnemen aan een ander belangrijk vak. De inhoud van het tentamen wordt strict geheim 

gehouden. Je bent daardoor niet zeker of de vragen relatief moeilijk of makkelijk zijn. Gedurende 

het semester moest je wel meer moeite voor het vak doen om bevredigende cijfers te halen. 
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Appendix I: Calculation of Heart Rate and Pulse Transit Time  
 

Before the heart rate and Pulse Transit Time (PTT) could be assessed and analyzed, the raw ECG and 

Plethysmograph (Pleth) signals needed to be transformed and reduced. An application, programmed in C# 

using Microsoft Visual Studio, was made to reduce and select the appropriate data in order to calculate 

the average heart rate per minute and PTT.  

Three averages of heart rate per minute and PTT were calculated. One to denote the average heart 

rate and PPT before the scenario was presented (HR_PreScenario, PTT_ PreScenario). One to denote the 

average heart rate and PPT while the scenario was presented (HR_Scenario, PTT_Scenario). And one to 

denote the average heart rate and PPT after the scenario was presented (HR_PostScenario, 

PTT_PostScenario). Similar to Tomaka et al. (1993), the averages of heart rate and PTT of the pre-

scenario were based on the final minute before the scenario was presented. The averages of heart rate and 

PTT of the post-scenario were based on the final minute of the post-scenario questionnaires (i.e UCL, 

SAI, MDMQ, SAM), just before it was explained that the execution part was unnecessary and control 

questions were presented. The period of time of the scenario was different for each participant because 

some participants read the scenario faster than others. Therefore in order the calculate the average heart 

rate per minute and PTT, the average heart rate and PTT during the scenario was divided by the time in 

seconds it took the participant to read to scenario, times sixty seconds. For each participant the average 

heart rates per minute and PPTs were calculated as follows. 

First, in order to make sure that the first millisecond of the experiment corresponded to the right 

physiological data, the application removed all physiological data till the marker that marked the 

beginning of the experiment. Then, as the sampling frequency was 1028.5Hz, the data sets were reduced 

by using a resample rate of 3, meaning that each three samples were averaged and compiled into one 

sample. Therefore the lengthy data was reduced to 1/3 and the resolution became about 3 milliseconds. 

Figure 26. Example of an accurate ECG‐signal from a participant. The axes are reversed scaled due 
to a mix up with the ground and one of the other electrodes. The x‐axis denotes time in seconds, 
the y‐axis denotes ECG in mV.  
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Plotting (Figure 26) the data manually demonstrated still a very accurate ECG-signal which suggested 

that a resample rate of 3 was reliable to use. In addition, all irrelevant recorded data, such as the saw 

signal which indicated that the Mobi device was recording physiological data, were removed too. 

Subsequently, the exact time-stamps that indicated the beginning and end of respectively the pre-scenario, 

the scenario and the post-scenario periods were used to select the corresponding sets of data and remove 

the rest. As a result, the sample numbers, the ECG signals and the Pleth signals for the three designated 

time periods were included in the output file (see Figure 27).  

To detect the R-R intervals an algorithm was developed. The application searched for peaks 

(maximum values1) in the ECG signal by comparing the previous and the next value with the current 

value. If that was the case the current value was marked as a possible R-peak and it was investigated 

whether the difference between the previous and the current possible peak was large enough (>.6 mV, 

because true R-peaks are very steep). If not than those peaks were seen as noise, because the signal itself 

was sometimes noisy and not ‘straight’. If it was, than the current peak was denoted as a true R-peak and 

the next possible peak could impossibly be an R-peak (see Figure 26). Counting the number of R-peaks 

divided by the time of the recording period (that is, 60 seconds for pre- and post-scenario periods, but 

variable for the scenario period) times 60 seconds provided the average heart rate per minute of 

respectively the pre-scenario, the scenario and the post-stress period (Figure 27).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                            
1 In this study it was the minimum values as the ground and one of the electrodes were switched consistently 
throughout the experiment.  

Figure 27. Example of an output  file  from a participant. The  first number of each  line denotes the sample number, the 
second the ECG  in mV, the third the pleth  in mV, and the  last number denotes the R‐peaks (zero for not a peak, 1 for a 
peak).  In this example only the first and the  last three data samples are shown. The  intermediary sample numbers and 
corresponding data (see ‐‐ ‐‐) are for illustrative purposes removed so that the three data sets could be shown all at once.  
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The specific R-R intervals, which could be easily tracked down due to the use of ones to denote the R-

peak, were used to calculate the PTT. As suggested by Smith et al. (1999) the start of the time interval 

that denotes the PTT was the R-peak and the end was the time that the Pleth signal was halfway through 

the slope (see Figure 28).  

 

 

 

 

For each R-R interval, the application searched for the maximum Pleth value and searched then for the 

minimum Pleth value between the R-peak and the maximum. This was done to make sure that no 

minimum value after the maximum value was selected.  Subsequently, the two values were averaged and 

this Pleth 50% value was compared the Pleth values between the minimum and maximum. The 

corresponding time of the Pleth value that came closest to the Pleth 50% value was used to mark the end 

of the time interval that denotes the PTT.  

The Pleth signal was not always as accurate as shown in Figure 28, presumably because 

participants moved their finger or hand. Consequently, the application checked whether a specific PTT 

was a valid one. From what could be observed from the data a valid PTT was somewhere between 0.28 

seconds and 0.4 seconds. The boundaries used by the application were set to 0.25 and 0.44 seconds 

(additional 10%) and a PTT that was either too small (e.g. 0.06 seconds) or too large (e.g. 0.5 seconds) 

was consequently excluded. These ‘invalid’ PTT’s were counted and when a participant had more than 

10% of invalid PTTs for a specific period of time (e.g. Pre-scenario) than the average PTT was reported 

Figure 28. Example of an accurate ECG‐signal and the corresponding Pleth‐signal from a participant. The graph depicts 

the calculation process of the PTT. The R‐peak is the begin time that of the interval that denotes the PTT. The end‐time 

of this interval is the moment that the average Pleth value (Pleth 50%) is reached. Subtracting end from begin gives the 

PTT  in  seconds.  The  left  y‐axis  denotes  the  Pleth‐signal  in mV  and  the  right  y‐axis  denotes  the  ECG‐signal  in mV 

(reversed scaled). The x‐axis denotes time in seconds.  
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as a missing value. With respect to the analysis it meant that the participant was excluded from the 

analysis. The different correct PTTs of one data set (e.g. pre-scenario) were averaged into one average 

PTT for that time period. 
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Appendix J: Report of the explorative analysis – Gender 

 
I. Challenge and Threat Appraisals  

An ANCOVA analysis was performed to examine the effects of Condition and Gender on Challenge 

Appraisals. Challenge_State (M = 4.75, SD = .78) was submitted as the dependent variable and both 

Condition and Gender as the independent variables. In order to control for personal traits Challenge_Trait 

(M = 4.59, SD = .65) included in the analysis. Both Threat_Trait (M = 3.47, SD = 1.10) Anxiety_Trait 

(M = 37.72, SD = 6.89) were not included as covariates, because Threat_Trait did not have a very strong 

effect on the DV and for Anxiety_Trait there was fear for multicollinearity. Assumptions were not 

violated. The ANCOVA analysis suggested that there was a marginal effect of Condition on 

Challenge_State, F(2,65) = 2.42, p = .097. Post-hoc analyses (Figure 29) revealed that participants who 

were exposed to orange pulsating light did elicit stronger challenge appraisals (M = 4.96, SD = .66) than 

those exposed to white static light (M = 4.54, SD = .75, p = .035). In addition, there was also a marginal 

effect of Gender on Challenge_State, F(1,65) = 2.67, p = .1. Pairwise comparisons (Figure 30) implied 

that females had stronger challenge appraisals (M = 4.88, SD = .83) than males (M = 4.69, SD = .73, p = 

.1). 

  

 

 

 

 

 

 

 

 

 

 

Additionally, an ANOVA analyses was conducted to investigate the effects of Condition and Gender on 

Threat Appraisals. Threat_State (M = 3.88, SD = 1.03) was submitted as the dependent variable and both 

Condition and Gender as the independent variables. As the results remained unchanged when adding 

covariates the results without covariates were reported. The analysis suggested that there was a effect of 

Gender on Threat_State, F(1,69) = 17.107, p < .001. Pairwise comparisons (Figure 30) revealed that 

females had stronger threat appraisals (M = 4.44, SD = .93) than males (M = 3.57, SD = .96, p < .001). 

 

Figure  30:  Histogram  displaying  the  means  with 

SDs of Cognitive Appraisals for males and females.

Figure 29: Histogram displaying  the means with 

SDs of Challenge Appraisals per condition. 
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II. Coping Ability 

An ANOVA analysis was performed to examine the effects of Condition and Gender on perceived 

Coping Ability. Coping Ability (M = 4.32, SD = .72) was submitted as the dependent variable and both 

Condition and Gender as the independent variables. The analysis suggested that there was a marginal 

effect of Condition on Coping Ability, F(2,67) = 2.79, p = .068. Post-hoc analyses (Figure 31) revealed 

that participants who were exposed to yellow pulsating light had a higher perceived coping ability (M = 

4.11, SD = .759) than those exposed to orange pulsating light (M = 4.47, SD = .68, p = .033) and white 

static light (M = 4.37, SD = .70, p = .051). Additionally, the analysis implied that there was a effect of 

Gender on Coping Ability, F(1,67) = 9.90, p = .002. Pairwise comparisons (Figure 32) revealed that 

females had a lower perceived coping ability (M = 4.01, SD = .721) than males (M = 4.49, SD = .67, p = 

.002). 

 

 

 

 

 

 

 

 

 

 

 

III. Coping Strategies 

To examine the effects of Condition and Gender on Coping Strategies, a 4 (Coping Strategies) x 3 

(Condition) x 2 (Gender) MANOVA analysis was conducted. Palliative Reaction (M = 2.64, SD = .491), 

Avoidance (M = 1.76, SD = .575), Seeking Social Support (M = 2.36, SD = .746), and Passive Coping 

(M = 1.88, SD = .432) were the coping strategies that were included as dependent variables. The 

MANOVA analysis suggested that there was a main effect for Gender, F(4,62) = 4.90, p = .002. On the 

individual ANOVA level the analyses suggested that there were effects for Condition on the coping 

strategies Palliative Reaction, F(2,65) = 3.57, p = .034 and Passive Coping, F(2,65) = 2.67, p = .077. 

Post-hoc analyses (Figure 33 and 34) revealed that that participants who were exposed to white static light 

were less likely to adopt Palliative Reaction as a coping strategy (M = 4.11, SD = .759) than those 

exposed to orange (M = 4.47, SD = .680, p = .035) and yellow pulsating light (M = 4.37, SD = .703, p = 

Figure 31: Histogram  displaying  the means with 

SDs of Coping Ability per condition. 

Figure 32: Histogram displaying  the means with 

SDs of Coping Ability for males and females.
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.024) and participants exposed to white static light were less likely to adopt Passive Coping as a coping 

strategy (M = 4.11, SD = .759) than those exposed to orange (M = 4.47, SD = .680, p = .027).   

 

 

 

 

 

 

 

 

 

 

 

In addition, the individual ANOVA analyses also suggested an effect of Gender on the coping strategy 

Seeking Social Support, F(1,65) = 19.78, p < .001. Pairwise comparisons (Figure 35) revealed that 

females were more likely to adopt Seeking Social Support as a coping strategy (M = 4.37, SD = .703), 

than males (M = 4.37, SD = .703, p < .001). Finally there was also an interaction effect of 

Gender*Condition on Palliative Reaction, F(2,65) = 3.61, p = .033. Post-hoc analyses (Figure 36) 

showed that females who were exposed to white static light were less likely to adopt palliative reaction as 

a coping strategy (M = 2.22, SD = .413) than females exposed to orange (M = 2.88, SD = .576 p = .023) 

and yellow pulsating light (M = 2.83, SD = .625, p = .025).  

 
 
 
 

  

Figure 33: Histogram displaying  the means with 

SDs of Seeking Social Support per condition.

Figure 34: Histogram displaying  the means with 

SDs of Palliative Reaction per condition. 

Figure 35: Histogram displaying the means with SDs 

of  Seeking  Social  Support  for males  and  females.

Figure 36: Histogram displaying the means with SDs 

of  Palliative  Reaction  per  condition  and  gender.
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