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“The greatest weapon against stress is our ability  

to choose one thought over another.”  

– William James 

  



 

 

Abstract 

In the current study, we investigated whether conceptual stimuli also could induce 

effortless attention via the same parameters as nature does. The parameters, 

complexity and mystery, were implemented into a Dynamic Lighting Design. The lab 

study examined an inverted-U-shaped relation of effortless attention (measured by 

fascination, heart rate, and viewing time) over the levels of complexity and mystery. 

Additional semi-structured interviews provided deeper understanding of the created 

conceptual stimulus. 

Results revealed that all measures for effortless attention were influenced by 

either the complexity or mystery levels. Fascination and heart rate supported the 

inverted-U-shaped relation over the complexity levels. The inverted-U-shaped relation 

of fascination was almost supported over the mystery levels. The interviews indicated 

that color preference influences the final preference for complexity and mystery. 

Overall, the main finding of the current study was that the parameters of nature 

could be applied outside of their scope, namely within conceptual stimuli. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

KEYWORDS 

attentional fatigue, attentional restoration theory, complexity, dynamic light, 

effortless attention, ego-depletion, fascination, heart rate, hierarchical linear 

modeling, mystery, perceived restorativeness scale, preference, qualitative content 

analysis, viewing time, stress   



1 | P a g e  

 

Table of Content 

1 Introduction .................................................................................................. 4 

2 Theoretical Background ............................................................................. 6 

2.1 Stress Recovery ................................................................................... 6 

2.1.1 Effects of Stress ................................................................................ 6 

2.1.2 Stress Recovery Theory ................................................................... 7 

2.1.3 Stress & Attention ............................................................................ 7 

2.2 Attentional Restoration....................................................................... 8 

2.2.1 Effortless Attention .......................................................................... 8 

2.2.2 Attentional Restoration Theory ..................................................... 9 

2.2.3 Preference Matrix ......................................................................... 10 

2.3 Aim & Hypothesis .............................................................................. 15 

3 Method ....................................................................................................... 18 

3.1 Design ................................................................................................ 18 

3.2 Participants ........................................................................................ 18 

3.3 Setting, Materials & Devices ............................................................ 18 

3.3.1 Dynamic Lighting Design ............................................................. 19 

3.4 Measures ............................................................................................ 22 

3.4.1 Viewing Time ................................................................................. 22 

3.4.2 Heart Rate ...................................................................................... 22 

3.4.3 Perceived Restorativeness Scale (Revised) .............................. 22 

3.4.4 Semi-Structured Interview of Qualitative Part .......................... 23 

3.5 Procedure .......................................................................................... 24 

4 Data Analysis of Quantitative Study ........................................................ 26 

4.1 Preliminary Analysis ........................................................................... 26 

  



2 | P a g e  

 

5 Results: Quantitative Study ....................................................................... 28 

5.1.1 Fascination ..................................................................................... 29 

5.1.2 Heart Rate ...................................................................................... 31 

5.1.3 Viewing Time ................................................................................. 33 

5.1.4 Relations between Variables ...................................................... 35 

6 Data Analysis of Qualitative Study ........................................................... 37 

7 Results: Qualitative Study .......................................................................... 37 

7.1.1 Summary of Qualitative Results .................................................. 46 

8 Discussion ................................................................................................... 48 

8.1 Findings of the Current Research .................................................... 48 

8.1.1 Fascination & Complexity ........................................................... 48 

8.1.2 Fascination & Mystery .................................................................. 50 

8.1.3 Heart Rate & Complexity............................................................. 51 

8.1.4 Heart Rate & Mystery ................................................................... 52 

8.1.5 Viewing Time & Complexity ........................................................ 53 

8.1.6 Viewing Time & Mystery ............................................................... 53 

8.1.7 Relation between Dependent Variables .................................. 54 

8.1.8 Additional Findings on Dynamic Lighting Design .................... 54 

8.2 Implementations of Dynamic Lighting Design ............................... 55 

8.3 Limitations & Future Research .......................................................... 56 

8.4 Conclusion ......................................................................................... 58 

9 References ................................................................................................. 59 

10 Appendices ................................................................................................ 63 

Appendix A – Setup Laptop Screen & Tablet Screen ............................ 63 

Appendix B – The Semi-Structured Interview Questions ......................... 64 

Appendix C – Transcript of the Interviews ............................................... 65 



3 | P a g e  

 

  



4 | P a g e  

 

1 Introduction 

During a day full of daily actions and interactions, people tend to take a moment for 

themselves to recover from their daily hassles. These hassles could cause feelings of 

frustration, tension, or irritation (Evans & Cohen, 1987). A stressful life requires moments 

where someone can recover their psychological and physiological well-being. 

Activities such as, watching television, sporting, reading books, playing games, 

listening to music, and walking are generally known as activities where people can 

relax and restore. Besides those activities, relaxation methods as mindfulness and 

mediation are upcoming. Yoga classes are getting fuller with people who want to 

concentrate on their inner body or breathing (Oden, 2016). Mobile applications for 

mindfulness exercises are also widely available, so both real-life and online support 

are increasing. However, these activities require someone’s physical or mental effort. 

An approach that might be more applicable is for example an activity that does not 

require much effort. People’s physical environment could play a significant role in 

this. The physical environment can be a stressor (Evans & Cohen, 1987). However, 

some of these environments could reduce the stress production.  

Within environmental psychology, the restorativeness of natural environments 

has been investigated very broadly (e.g., Kaplan & Kaplan, 1989; Ulrich et al., 1991; 

Herzog, Black, Fountaine, & Knotss, 1997; Beukeboom, Langeveld, & Tanja-Dijkstra, 

2012; de Bloom et al., 2017). Different theories on why nature is restorative have been 

investigated. The two most influential theories are developed by Ulrich (Ulrich, 1983) 

and by the Kaplans (Kaplan & Kaplan, 1989). Ulrich (1983) focused on the stress 

reduction by positive affective responses to nature, whereas Kaplan and Kaplan 

(1989) point out that cognitive processes (e.g., effortless attention) could reduce the 

mental fatigue caused by over-usage of someone’s attention that costs effort (i.e., 

directed attention). According to these theories, several visual properties of nature 

play a key role for the recovery process of stress. Ulrich (1983) described visual 

properties that influence someone’s preference for the nature scene. In his opinion, 

a scene should have moderate to high complexity that has some structural 

properties, such as focality and depth. According to Kaplan and Kaplan (1989), 

there are four features that make environments restorative and which are all present 

in nature: feeling of being away, fascination, extent, and compatibility. In addition, 

Kaplan and Kaplan (1989) developed a more hands-on model to measure people’s 

preference. Two informational factors of this model, the complexity and mystery of a 
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scene are according to the Kaplans meaningful factors for perceiving the scene’s 

preference rating. It remains important to distinguish these theories from the reality. 

Multiple processes, either cognitive or affective processes, are playing a significant 

role to determine someone’s preference. 

Other environments besides nature may also function as restorative. A study on 

museums as restorative environments has been executed by Kaplan, Bardwell, and 

Slakter (1993), and a study by Quellette, Kaplan, and Kaplan (2005) examined the 

restorative effect of cloisters. The focus of the present study will be on conceptual 

stimuli which could have restorative effects when the knowledge out of the 

environmental psychology is applied. More specifically, the mechanisms behind 

effortless attention had a central position in the current study and how this could be 

applied outside the context of nature. The question within Philips Lighting remained 

whether dynamic light as visual stimulus could have a restorative effect (Schuijers, 

Vlaskamp, & Dekker, 2014). Therefore, the current study explored whether a Dynamic 

Lighting Design (i.e., conceptual stimuli) could evoke effortless attention similar to 

nature scenes. 
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2 Theoretical Background 

This chapter describes the theoretical background of the current study. First, stress is 

discussed to get a better understanding of how to recover from stress. When the 

concept of stress is clear, it will be related to attention, followed by a section about 

attentional restoration with the main theory: attentional restoration theory of Kaplan 

and Kaplan (1989). An additional theoretical model by the Kaplans will describe the 

four informational factors of (natural) environments and are explained in section 

2.2.3. An overview of the conducted studies on the informational factors, complexity 

and mystery, is given. This chapter finishes with an explanation of the aim and 

research question of the current study, and the hypothesis is introduced. 

2.1 Stress Recovery 

Two theories can be distinguishable when it comes to recovering from stress: 

stress recovery theory of Ulrich (1983) and attentional restoration theory of Kaplan 

and Kaplan (1989). This section will discuss the theory by Ulrich, and the theory by the 

Kaplan will be discussed in section 2.2. Ulrich (1983) focused on the stress reduction 

by positive affective responses to nature, whereas Kaplan and Kaplan (1989) point 

out the cognitive processes behind recovery. First, the effects of stress will be 

explained and then Ulrich’s view on how to recover from stress is shortly described. 

The section finishes with the relation between stress and attention.  

2.1.1 Effects of Stress 

People could experience physiological and psychological effects of stress 

(Evans & Cohen, 1987). An example of physiological effect is the possible increased 

heart rate. Study by Laumann, Gärling, and Stormark (2003) found a significant 

difference between heart rate values while watching nature scenes versus urban 

scenes. The heart rate values were lower while watching nature scenes than for the 

urban scenes. On the other hand, a psychological effect of stress is the decrease of 

the human task performance. An impact on human task performance is the 

influence of stress on people’s processing speeds of their working memory (Hockey, 

1979). The article by Hockey (1979) addressed that human performance could 

decrease under stress when the person delivers either effort, behavioral, or 

physiological offers. However, these offers have a limited capacity (Hockey, 1979). 

Therefore, prolonged usage of these resources could cause mental or physical 
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fatigue. Another psychology effect of stress is the influence on maintaining our 

attention (i.e., directed attention) to a specific stimulus (Hancock, 1989). The latter 

psychological effect of stress has a central position in the current study, and it will be 

further discussed in section 2.2. 

2.1.2 Stress Recovery Theory 

Roger Ulrich’s perspective on stress recovery was inspired by the article of 

Zajonc (1980). Zajonc (1980) stated that affect responses could be generated 

without relying of our cognitive processes. The like-response to the environment starts 

the restorative process (Ulrich, 1983). According to Ulrich (1983) is this response a fast 

process compared to the cognitive processes. Therefore, the reactions could occur 

quickly and could be based on little information. Ulrich (1983) developed the base of 

the stress recovery theory (SRT) in his article about ‘Aesthetic and Affective Response 

to Natural Environment’. The theory suggests that people respond affectively and 

aesthetically to specific environmental features. The environmental features 

explained by Ulrich are complexity, structural properties (e.g., focality), depth, 

ground surface texture, absence of threat or tension, deflected views (feeling of 

curiosity), and water. Moreover, Ulrich (1983) stated that moderate to high 

complexity is preferred. On the other hand, in fact many of these features are usable 

outside the nature context; for example, a conceptual (non-natural) stimuli could 

vary on the features: complexity and the structural properties.  

2.1.3 Stress & Attention 

Daily lives require significant capacity to regulate yourself and control for 

impulses. Stress may occur when one is unable to adapt to these daily impulses 

(Evans & Cohen, 1987). The capability of maintaining self-regulation, control and/or 

attention is limited (Schneider & Shiffrin, 1977; Hagger, Wood, Stiff, & Chatzisarantis, 

2010). The exhaustion of the limited capacity of our mental resources is called ego-

depletion. According to Hagger and colleagues (2010), ego-depletion has a 

significant influence on our ability to deliver effort. When the finite capacity is fully 

used, people may not be able to deliver effort. Stress may occur when people are 

not able to use this finite capacity (Hancock,1989).  

The attentional resource capacity is limited. Several methods are available to 

charge the limited capacity. People could meditate to reduce stress (Grossman, 

Niemann, Schmidt, & Walach, 2003), and positive influence of social support on stress 
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was examined by Cohen and Wills (1985). These two methods require mental effort 

to start and continue with. In this way, it relies on a part of the capacity to maintain 

attention (effortful attention). The current study focused for this reason on the 

counterpart – effortless attention (section 2.2.1). 

2.2 Attentional Restoration 

In section 2.2, Effortless attention takes the central position behind recovery 

from stress and to charge the attentional resource capacity. The theory by the 

Kaplan is discussed as the under-lying working principle. Attentional restoration 

theory and the preference matrix by the Kaplan will be explained. 

2.2.1 Effortless Attention 

The cognitive processes behind attention are also called human information 

processing. The human information processing behind attention was discussed by 

Schneider and Shiffrin (1977). They distinguished two processes, namely: automatic 

detection and controlled search. Automatic processing does not need the subject’s 

control or forced attention, and it is also not relying on the limited capacity of the 

cognitive processes. On the other hand, controlled processing requires attention and 

control of the subject. The finite capacity is stressed while using controlled 

processing. The concepts effortless and effortful attention could be distinguished into 

these two processes. Effortless attention is part of the automatic detection system. To 

deliberate on this link, experiences during the day, when your attention is drawn 

away to something fascinating, this attention does not cost any effort or control. 

Moreover, Ullén, Manzano, Theorell, and Harmat (2010) described effortless attention 

as unforced concentration. Where Bruya (2010) explained effortless attention as 

attention that does not cost exertion of cognitive processes.  

The use of effortless attention could extend the duration of using effortful 

attention because effortless attention restores the limited capacity of our mental 

resources (Kaplan & Kaplan, 1989). People experience episodes of effortful and 

effortless attention (Hommel, 2010; Ullén et al., 2010). The similarity between effortful 

and effortless attention is how engaged someone is at the moment; the difference 

between effortful and effortless attention is the need of cognitive effort or skills (Tang 

& Posner, 2009). Mental fatigue could occur with over-usage of effortful attention 

(Herzog, Maguire, & Nebel, 2003; Tang & Posner, 2009). Several studies associated 

mental fatigue with stress (e.g., Evans & Cohen, 1987; Kocalevent, Hinz, Brähler, & 
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Klapp, 2011). Frustration, tension and irritation are common feelings under mentally 

fatigued persons. To recharge your cognitive ability to maintain your sustained 

attention, effortless attention provides a way to restore your cognitive processes 

(Kaplan & Kaplan, 1989).  

The question remains which stimuli could evoke effortless attention. As 

mentioned earlier, stimuli which do not require control or effort of your limited 

cognitive ability could induce effortless attention. According to environmental 

psychologists, stimuli that could evoke effortless attention are natural environments. 

Nature has restorative qualities according to Kaplan and Kaplan (1989). They 

developed a theory about attention restoration which is broadly discussed in section 

2.2.2. The theory explained which features of nature can induce effortless attention. 

2.2.2 Attentional Restoration Theory 

Attentional restoration theory (ART) focused on the cognitive mechanisms. The 

base of the theory is the limited capacity of individuals’ cognitive processes. Kaplan 

and Kaplan (1989) highlighted that people are not able to direct their attention 

continuously to a stimulus that is not interesting in and of itself. People become 

attentional fatigued because of prolonged use of directed (effortful) attention 

(Herzog et al., 2003). They reach the limit of their capacity. To restore from attentional 

fatigue, people could try to escape from their daily routines by going out into natural 

environments and use their effortless attention where all four components of ART are 

available. These components could reduce attentional fatigue and restore the 

limited capacity.  

The first component, the environment should provide a feeling of being away. 

In more detail, environments feel like or are different from the usual environments 

where the person functions. Natural environments provide this feeling because our 

daily lives are mainly surrounded by urban environments. The second component, 

the environment should consist of fascinating features. In other words, the 

environment draws attention automatically. This process is also called effortless 

attention where attention does not appeal to one’s mental effort (Kaplan, 1995). The 

third component, extent of the environment refers to connectedness. Environments 

should consist of enough (and not too much) stimuli to experience and to think 

about. The fourth component, compatibility of the environment is a feature that 

requires less effort when it is high. A compatible environment is a responsive 

environment because the environment answers one’s purposes. For this reason, a 
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person prefers high compatibility because this requires less directed attention. 

Natural environments are high in compatibility and have restorative qualities.  

2.2.3 Preference Matrix 

Besides the ART, Kaplan and Kaplan (1989) developed the preference matrix. 

They investigated the mean preference rating for nature and urban scenes with a 5-

point rating scale. A comparison between the lowest and highest rated scenes was 

made. Out of this examination of scenes, the Kaplans developed the preference 

matrix with the four informational factors: Complexity, Coherence, Legibility, and 

Mystery. Table 1 depicts the Preference Matrix with these elements. 

Table 1 Preference Matrix by Kaplan & Kaplan (1989). 

 Understanding Exploration 

Immediate Coherence Complexity 

Inferred, predicted Legibility Mystery 

 

However, the relation between preference and the human information 

processing remained unclear. The preference matrix consists of two domains: human 

needs (understanding and exploration) and degree of inference. For the first 

domain, two categories of human needs were distinguished: understanding and 

exploration. People are eager to understand information which is essential to 

function. Persons with a strong need to understand their situation will probably prefer 

situations that are easier to understand. The second category, exploration, is about 

finding out what is happening in a person’s surrounding. It is also about expanding 

your knowledge and understanding of the situation. To summarize, the two proposed 

needs by Kaplan and Kaplan (1989) are mainly about the iteration process of 

gathering new information and understanding this information. The second domain 

of the preference matrix is degree of inference. This dimension is about how 

effortlessly the information is available. Kaplan and Kaplan (1989) compared the 

degree of inference with the scale from 2-D to 3-D of visual stimuli, where 2-D visual 

stimuli provide directly the information and 3-D visual stimuli require effort to retrieve 

the information. 

The various levels of these domains are combined to four combinations. As 

earlier mentioned as informational factors, the combinations are Complexity, 
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Coherence, Legibility, and Mystery. The current study focused on Complexity and 

Mystery and not on their counterparts – Legibility and Coherence.  

The first informational factor of interest is Complexity. Kaplan and Kaplan (1989) 

explained complexity as followed:  

 

‘Complexity is defined in terms of the numbers of different visual elements in a 

scene; how intricate the scene is: its richness. It thus reflects how much is going 

on in a particular scene, how much there is to look at – issues that call upon the 

picture plane, as opposed to depth cues. Clearly, exploration is enhanced 

when there is more variety in the scene, when there is the suggestion that there 

are more different things available. It could be argued that Complexity 

provides content or things to think about.’ (p.53-54) 

 

When we related this explanation of complexity to a conceptual stimulus, some 

design principles came to the front. The conceptual stimuli should be interesting 

enough to keep someone’s attention. The variety of the conceptual stimuli should be 

wide enough to provide enough stimuli to encourage people to think.  

The other informational factor is Mystery. Both complexity and mystery are 

situated on the right side of the preference matrix, which means that these 

informational factors encourage the need of exploration. Kaplan and Kaplan (1989) 

formulated mystery as followed: 

 

‘For Mystery to be present, there must be a promise of further information if one 

could walk deeper into the scene. This necessarily implies that it would be 

possible to enter the scene, that there would be somewhere to go. It is 

important to contrast Mystery with surprise. A path leading to a visible closed 

door suggests surprise but not Mystery. For the latter, the change in vantage 

point needs to provide information that is continuous with what is already 

available, rather than a surprise.’ (p.56) 

 

The explanation by the Kaplans suggests designing a conceptual stimulus where the 

change of viewing point should provide the observer with information that could be 

related to the previous viewing point. For example, an optical change within the 

same degree of complexity could encourage mystery.  
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CONDUCTED STUDIES ON COMPLEXITY & MYSTERY 

The studies in Table 2 are related to complexity or to mystery. However, mainly 

the informational factor, complexity, is richly investigated compared to mystery. 

Several studies confirmed an inverted-U-shaped relation between complexity and 

preference (Wohlwill, 1975; Kaplan & Kaplan, 1989; Nasar, 1994). A significant high 

correlation between preference and restoration was found by Han (2010). This 

confirmed that the preference matrix is a model to predict the restorativeness of a 

setting. Together, this indicates that moderate complexity has an observer’s 

preference and is therefore also restorative.  

Fewer studies were conducted on the relation between mystery and 

preference. Herzog and Miller (1998) examined that mystery is positive correlated to 

preference as well as danger and those two are negatively correlated. The 

preference matrix is one interactive model, where the informational factors and 

domains are closely related together. Therefore, an inverted-U-shaped relation 

between mystery and preference might be plausible. The current study focused on 

this quadratic relation without disregarding a possible linear relation between 

mystery and preference. 

In more detail, the studies by Berlyne (1972, 1973): the stimulus patterns 

dimensions by Berlyne (1972) are quite similar to the elements of Preference Matrix, 

namely the dimensions simple – complex (complexity) and expected – surprising 

(mystery). In 1973, Berlyne examined the following high correlations (>0.50) between 

the scale simple – complex and the scales: uninteresting – interesting, passive – 

active, clear – indefinite, relaxed – tense, and drowsy – alert. However, Berlyne did 

not examined correlations for the scale expected – surprising.  

Berlyne’s research focused on experimental aesthetics where he investigated 

the viewing time while showing different pattern dimensions in several stimuli. The 

used technique is called cafeteria technique (Berlyne, 1972). The participants could 

switch between different patterns whenever they liked to. Table 2 summarizes three 

experiments by Berlyne (1972, 1973). In 1972, Berlyne examined three pairs of patterns 

that were different in level of complexity. He measured the reinforcement values per 

stimulus pair. In other words, he calculated the average mean of responses on two 

keys. One key is for the less-complex stimulus and the other key is for the more-

complex stimulus. The more-complex stimulus received more responses than the less-

complex stimulus. In 1973, Berlyne conducted two experiments with the same 



13 | P a g e  

 

participant sample. In the first experiment, forty patterns were judged on twelve 

different scales. On the first factor of the factor analyses, complexity/uncertainty, the 

scales simple-complex and clear-indefinite loaded most strongly. On a second 

factor, cortical arousal, the scales weak-powerful and drowsy-alert loaded most. 

According to the Oxford dictionary (Kent, 2006) cortical arousal results in an increase 

of wakefulness, vigilance, muscle tone, heart rate, and minute ventilation. In the 

second experiment, the viewing time was examined whereby the participants had a 

free choice on how long they would like to watch a scene. Berlyne (1973) analyzed 

that the more complex stimuli were viewed longer. The viewing time also had a 

significant correlation with the pleasure and alert scales. 

Table 2 Overview relevant studies of complexity versus preference. 

Author  Sample Keywords Description study Results found Effect size (calculated) 

Berlyne 

(1972) 

24 

students 

Complexity 

Pleasure 

Interest  

Three pairs of patterns 

(more-complex vs. less-

complex) and its 

reinforcement values.  

More-complex visual patterns 

got stronger responses than 

less-complex patterns.  

Cohen’s d = 1.629 

(F = 30.51, n = 24, within) 

large effect (Cohen, 

1988) 

Berlyne 

(1973) 

40  

students 
Complexity 

Measuring viewing time 

of 40 stimulus patterns. 

More complex patterns have 

longer viewing time. Viewing 

time significantly correlated 

with pleasure scale. 

Cohen’s d = 0.668  

(F = 8.71, n = 40, within) 

moderate effect 

(Cohen, 1988) 

Berlyne 

(1973) 

40 

students 
Complexity 

40 stimulus patterns 

were judged on the 12 

different scales (e.g., 

simple-complex and 

clear-indefinite). 

Monotonically increase of 

interestingness with 

complexity. Moderate 

correlation between 

complexity and uncertainty. 

Cohen’s d = 0.986  

(F = 18.95, n = 40 within 

analysis) 

large effect (Cohen, 

1988) 

Bornstein 

(1989) 

208 

studies 

Exposure 

Affect  

Complexity 

Meta-analysis, exposure-

affect relation. Variables 

that influence the 

magnitude of exposure 

effect (e.g., stimulus 

complexity and 

exposure duration) 

Six out of nine studies 

confirmed when stimulus is 

more complex, it will receive 

a more positive affect 

response. 

Combined r = 0.260  

(Cohen’s d = 0.539) 

(z = 20.80, p < .0000001) 

(moderate effect, 

(Cohen, 1988)) 

(Gaschk, 

Kintz, & 

Thompso

n, 1968) 

30 

students 
Complexity 

Examine the effect of 

stimulus complexity on 

free viewing time and 

inspective manipulation 

time. 

Positive relation between 

viewing time and complexity. 

As well for manipulation time. 

Cohen’s d = 1.12 

(F = 8.70, n = 30, 

between) 

large effect (Cohen, 

1988) 
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Han 

(2010) 

274 

students 

Complexity 

Restoration 

Responses to natural 

scenes: scenic beauty, 

preference, restoration. 

Scenic beauty, preference, 

restoration significantly are 

highly correlated (rs > 0.94, p 

< 0.05). Scenes judged on 

complexity, openness and 

water features. Complexity 

effective contributor for 

predicting restoration. 

r = 0.85 (Cohen’s d = 

3.18) 

(R2 = 0.716, n = 93) 

large effect (Cohen, 

1988) 

Hartig, 

Kaiser, & 

Bowler 

(1997) 

313 

students 
ART, PRS 

Follow-up development 

of perceived 

restorativeness scale 

(PRS). 

Suitable 4-factor model 

where the ART is represented. 

Cohen’s d = 0.5391 

(Chi-square= 21.20, 

n=313) 

Herzog & 

Miller 

(1998) 

446 

students 

Mystery 

Preference 

Single-variable rating 

sessions. 36 color slides: 

urban versus natural. 

Mystery is a positive 

contributor to preference and 

perceived danger/fear. 

r = 0.83 (Cohen’s d = 

2.98) 

large effect (Cohen, 

1988) 

Kaplan, 

Kaplan, 

and 

Wendt 

(1972) 

88 

students 

Complexity 

Preference 

Rated preference and 

complexity for natural 

and urban visual 

material. 

Complexity predicted 

preference within the nature 

domain (r = 0.69) and within 

the urban domain (r = 0.78). 

r = 0.69 (Cohen’s d = 

1.91) 

large effect (Cohen, 

1988) 

Korpela, 

Hartig, 

Kaiser, & 

Fuhrer 

(2001) 

101 

students 

Favorite 

places 

restoration 

Description of favorite 

place of the students 

and their experiences 

with them. 98 other 

students described their 

unpleasant places. 

Natural setting was highly 

presented among the 

favorite places. The PRS 

elements were highly 

experience among the 

favorite places. 

Cohen’s d = 1.233  

(Chi-square=27.8, 

n=101) 

Stamps 

(2004) 
61 articles 

Complexity 

Mystery 

Meta-analysis: 

correlations between 

preference and 

mystery, complexity, 

legibility, or coherence. 

Settings (all/nature/built)  

Mystery and preference 

mainly positive correlated. 

Complexity and preference 

are also positive correlated 

within the majority of the 

examined studies. 

- 

Van der 

Jagt, 

Craig, 

Anable, 

Brewer, 

Pearson 

(2014) 

100 
Complexity 

Aesthetics 

Preference Matrix as a 

measure of landscape 

aesthetics. 

Each predictor of preference 

matrix is independently 

predictive of scene 

aesthetics. Interaction 

between coherence and 

complexity. Support validity of 

preference matrix. 

r = 0.38 (Cohen’s d = 

0.822) 

moderate effect 

(Cohen, 1988) 

Wohlwill 

(1975) 

192 

children 

Complexity 

Preference 

Compare the functions 

relating complexity to 

exploration time versus 

preference. 

Viewing time increasing 

monotonically with diversity. 

Preference peaked in the 

middle of the diversity 

(complexity) scale.  

- 
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2.3 Aim & Hypothesis 

The theoretical background of the current study was discussed in the previous 

sections. This paragraph starts with a brief overview of the essentials behind our 

interest, and it is followed up by the study’s aim and the hypothesis.  

THEORETICAL BACKGROUND 

Individuals process environmental information through two ways: directed 

attention and effortless attention. The difference between these two information 

processing ways is the delivered effort to maintain attention. The capacity to 

maintain your attention with effort is limited (Schneider & Shiffrin, 1977; Kaplan & 

Kaplan, 1989; Hagger et al., 2010). Therefore, episodes of using your attention without 

effort are essential. These episodes are necessary to restore from attentional fatigue 

(Herzog et al., 2003). This restoration is widely investigated in environmental studies 

where they mainly compare natural environments with urban environments (Kaplan 

& Kaplan, 1989; Ulrich et al., 1991; Herzog et al., 1997; Beukeboom et al., 2012; de 

Bloom et al., 2017). Kaplan and Kaplan (1989) point out that cognitive processes 

(e.g., effortless attention) could reduce the attentional fatigue caused by over-

usage of someone’s directed attention. Attentional Restoration Theory stated that 

natural environments consist out of four features: being away, fascination, extent, 

and compatibility. Within the research journey of Kaplan and Kaplan (1989), they 

researched the difference in informational factors between low and high preferred 

environments. They derived at four informational factors: complexity, coherence, 

legibility, and mystery. The four factors are the preference matrix and it is broadly 

applicable (Kaplan & Kaplan, 1989). The current study was interested in the 

informational factors: complexity and mystery. Several studies found an inverted-U-

shaped relation between complexity and preference (Wohlwill, 1975; Kaplan & 

Kaplan, 1989; Nasar, 1994). This indicates that moderate complexity has an observer 

preference and is therefore also restorative. Fewer studies were conducted on the 

relation between mystery and preferences. The preference matrix is an interactive 

model where the informational factors and domains are closely related together. For 

this reason, an inverted-U-shaped relation between mystery and preference was also 

hypothesized.  
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AIM & HYPOTHESIS 

In the current study, we were interested whether a conceptual stimulus also 

could induce effortless attention via the same parameters as nature does. The 

conceptual stimulus was in the current study a dynamic light stimulus. Two 

informational factors of the preference matrix were manipulated: complexity and 

mystery. Therefore, the following sub-questions are derived from the research 

question:  

 

1) Does the degree of complexity of a dynamic light stimulus predict effortless 

attention?  

2) Does the degree of mystery of a dynamic light stimulus predict effortless attention? 

 

For the sub-questions, we hypothesize that the intermediate levels of complexity 

and mystery would be most effective. In other words, intermediate levels of 

complexity and mystery induce more effortless attention than low or high levels of 

complexity and mystery. 
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3 Method 

A combined quantitative and qualitative research was conducted. This section 

describes the design, participant sample, used materials, the setting, the measured 

variables, and procedure. The data analysis of quantitative part is described in 

Chapter 4 and the qualitative part in Chapter 6. 

3.1 Design 

The quantitative part of the experiment followed a two within factor design with 

three levels each: Complexity (low, intermediate, and high complexity) by Mystery 

(low, intermediate, and high mystery). The qualitative part consisted of a semi-

structured interview.  

3.2 Participants 

In total 30 participants (20 males, 10 females) completed the experiment 

between 15th of June and 23rd of June 2017. The participants had the following 

characteristics: between 19 and 64 years old (M=26.27 and SD=1.64) and they did 

not have colorblindness and had normal or corrected- to- normal vision. Indian and 

Dutch nationality were highly represented (16/30 Indian and 9/30 Dutch). The 

participants were recruited via the J.F. Schouten database. A subselection of five 

participants (3 males, 2 females: M=25.14, and SD=0.15) also participated in the 

qualitative part of the study. They were selected by five sign-up time-slots within the 

schedule. The first five who signed up for these time-slots were invited to participate 

in both parts. The participants who participated only in the quantitative part of the 

experiment received 5-euro and who participated in both parts received 10-euro 

compensation.  

3.3 Setting, Materials & Devices 

The study was conducted in one of the labs at IPO-building on the University 

Campus in Eindhoven. The setting of the lab was like a living-room (Figure 1 and 

Figure 2). The experimenter was present in the same room as the participant but not 

their direct line of sight. An Android tablet, which was connected by Team Viewer to 

a laptop, was controlled by the experimenter (Appendix A – Setup Laptop Screen & 

Tablet Screen). The experimenter controlled the pop-up of the questionnaire on the 
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Android tablet. In addition, another Android tablet was connected to a Polar H7 

band measuring heart rate (see section 3.4.1). The Dynamic Lighting Design, which 

was used to show the scenarios, is described in section 3.3.1. The qualitative part of 

the experiment took place in the same room as the quantitative part and an audio 

recording was made with a smartphone.  

 

Figure 1 Setting of living room lab. 

 

Figure 2 Setting of living room lab. 

 

3.3.1 Dynamic Lighting Design 

The factors, complexity and mystery, are represented by a Dynamic Lighting 

Design (see, Figure 3). The size of the Dynamic Lighting Design is 31 by 31 centimeters. 

LEDs were shining through the grid on all four sides of the grid (see Figure 4 for a 

Position of Participant 

Position of Experimenter 
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sample of the grid). The grid is created by a series of laser cuts. These laser cuts, 

basically air-PMMA transitions, act as a mirror which keep the light trapped for 

shallow angels, and for steep angles the light just passes through the cut. This gives 

the possibility to have rows and columns at the same time. The light of the 

surrounding LEDs stays captured in the created row and columns. The grid caused 

the natural mixing of colors on the crossings. Because of this mixing, the Dynamic 

Lighting Design creates non-programmed colors. This wondrous interplay of new 

colors can be related to the concept of effortless attention where a setting is not 

totally predictable and can hold one’s attention. For every factor, three levels were 

designed to examine the hypothesized inverted-U-shaped relation. This means that 

participants were exposed to nine different scenarios. The features of Ulrich (1983), 

symmetry and focality, were manipulated for complexity. Low complexity level 

depicted a symmetrical change towards the center of the Dynamic Lighting Design. 

In more detail, the lighting on each of the four sides was identical. The intermediate 

level of complexity was a lighting movement to the center of the grid. Only after one 

color change cycle, the position of the middle changed to one position on the right. 

The high complexity level was randomly placed color changes without any structure 

between the different sides. For mystery, the amount of spontaneous place switches 

increased simultaneously with the levels of mystery. The low mystery level did not 

show any switches. Intermediate level of mystery switched the scenario every 10 

seconds. The high mystery level did this every 5 seconds. Figure 5 and Figure 6 show 

the different settings for all the scenarios. During the experiment, the distance 

between the Dynamic Lighting Design and participant’s eyes was approximately 

1.25 meters. 

 

Figure 3 The 9 x 9 grid. 

 

Figure 4 Plastic grid sample of Dynamic Lighting Design. 
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Figure 5 Various levels of complexity and mystery (textual description). 

 

Figure 6 Various levels of complexity and mystery (visual representation). 
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3.4 Measures 

The dependent variable, effortless attention, was measured objectively and 

subjectively. Objectively by (1) recording the duration of watching a scene and (2) 

participants’ heart-rate responses during the first 30 seconds of watching. Effortless 

attention was subjectively measured by relevant and reformulated questions of the 

Perceived Restorativeness Scale (PRS; Hartig et al., 1997). 

3.4.1 Viewing Time 

An objective measure was the viewing time. Viewing time is the time between 

the start of the scenario and start of the PRS questionnaire. Time-stamps were taken 

of those moments. The difference between those moments was the measured 

viewing time. In addition, the participants were noticed at the beginning of the 

procedure that the total time of viewing the Dynamic Lighting Design was 20 

minutes. 

3.4.2 Heart Rate 

The physiological measure, heart rate, was measured by the Polar (H7) Heart 

Rate Band. The participants themselves put this band around their chest according 

to the verbal instructions. The Polar band was connected by Bluetooth to an Android 

tablet and this tablet recorded the data from the Polar band. Every first 30 seconds 

of the viewed scenario was taken into account to calculate the average heart rate 

for that scenario. In total 30 measure points were included to measure the average 

heart rate for a watched scenario. 

3.4.3 Perceived Restorativeness Scale (Revised) 

The original Perceived Restorativeness Scale (PRS) was developed by Hartig, 

Korpela, Evans, and Gärling (1996). This version consisted of 16 items divided into four 

subscales: being away, fascination, coherence, and compatibility. Hartig and 

colleagues (1997) adjusted the scale and added several questions. From this list of 26 

items, 8 items were selected for the current study (8 items, α = 0.87). These selected 

items are part of the subscales fascination and coherence (see Table 3). The items 

were revised to suit the setting from this study. Words that refer to a place such as, 

‘this place’, ‘this setting’, or ‘here’, were replaced with the word ‘scenario’. The scale 

was used to measure participants’ restorative ratings for the scenarios. The initial 

scale items consisted of a degree of agreement (1 – not at all to 7 – completely). 
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Subscale fascination had a high alpha (6 items; α = 0.91). Subscale coherence had 

as well a high alpha (2 items; α = 0.84). The subscale coherence is not totally a 

reliable subscale for the PRS (Hartig et al., 1997; Ivarsson & Hagerhall, 2008). Excluding 

the subscale coherence items from the 8 items PRS version improved the subjective 

measure. The remaining 6 items were all part of the subscale fascination and, 

therefore, was the scale more confident as measure for effortless attention. 

Table 3 Revised Perceived Restorativeness Scale with subscales fascination and coherence. 

How much does this statement apply to my experience of the scenario? 

Subscale fascination 

6 This scenario has fascinating qualities. 

7 My attention is drawn to the scenario. 

10 I want to spend time looking at the scenario. 

11 This scenario is boring. (-) 

12 This scenario is fascinating. 

13 The scenario is nothing worth looking at it. (-) 

Subscale Coherence 

15 It is a confusing scenario. (-) 

17 The scenario is chaotic. (-) 

Note. Negative originated questions are marked with (-). 

3.4.4 Semi-Structured Interview of Qualitative Part 

The qualitative part followed a semi-structured interview design. The interview is 

reported in Appendix B – The Semi-Structured Interview Questions. The interview 

started with a warm-up where the participants could lose their first thoughts about 

the scenarios they viewed. When no additional questions were asked, the 

experimenter presented each scenario one-by-one. While watching the scenarios, 

the participants were asked to recall what they saw and how they felt about it. 

Furthermore, their preference for the scenarios was probed. After finishing watching 

all scenarios, some general questions remained unanswered. The questions on 

participant’s preference, their experienced differences between the scenarios, and 

which features got their attention, were asked. Next, a question on where the 

participant would implement the device besides the lab setting was probed. The 

semi-structured interview finished with a wrap-up section, where the participant had 

the chance to reveal their last hanging comments and questions. 
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3.5 Procedure 

An overview of the procedure is depicted in Figure 7. The procedure started 

with a briefing where the participant received a description of the experiment and 

signed an informed consent form. After the briefing, the participant was seated and 

the Heart Rate sensor was put on by the participant. The next 20 minutes, the 

participant was free to fill-in their time by watching different scenarios of the 

Dynamic Lighting Design. However, the participant was required to watch at least 30 

seconds a scenario before they could continue to the next scenario. Before 

continuing to the next scenario, the participant had to fill-in the PRS questionnaire to 

give feedback about the just presented scenario. When the questionnaire was 

finished, the next scenario of the Dynamic Lighting Design started playing. This 

process continued until the 20 minutes were over. The quantitative part finished and 

the Heart Rate sensor was removed by the participant. Five participants of the 

sample participated in the qualitative part of the study. The other participants 

received their payment of five Euros. The qualitative part took place in the same 

room as the first part. The qualitative part, the interview, was recorded by a 

smartphone. The participant answered several questions about the setting, Dynamic 

Lighting Design, and their experience. After the interview, the participants who 

participated in the qualitative as well as the quantitative part received their 

payment of ten Euros. The total duration of the experiment including the briefing was 

30 minutes or 60 minutes (including the qualitative part).  

 

Figure 7 Graphical presentation of the procedure. 
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4 Data Analysis of Quantitative Study 

The analyses were performed using the statistical software program STATA (version 

14.2). Hierarchical Linear Modeling (HLM) analyses were conducted to examine the 

relation between effortless attention and levels of complexity and mystery. The 

dependent variable, effortless attention, was measured by several variables: PRS 

(subscale fascination), heart rate, and viewing time. The hierarchical structure of the 

data was divided into two levels. The participants were level one of the model. Each 

participant watched the various levels of mystery and complexity. Mystery and 

complexity were part of level two. Values of fascination, heart rate, and viewing time 

were examined for each level of mystery and complexity. 

An inverted-U-shaped (quadratic) relation of the dependent variables over the 

levels of complexity and mystery was hypothesized. In other words, values for the 

intermediate levels were hypothesized higher than the low and high levels. For each 

dependent variable, four different models were performed. The first model included 

all levels of complexity and mystery, and it examined the inverted-U-shaped relation. 

This HLM model included the dependent variable, the fixed effects of the linear 

component of mystery and complexity, and fixed effects of the quadratic 

component of mystery and complexity. The model was nested on the participant 

level. The other three models excluded one level out of three. These models 

examined if there was difference of the dependent variable between the two 

remaining levels. The HLM models included the dependent variable and the fixed 

effects of mystery and complexity, and the model was again nested on the 

participant level. Before continuing the HLM regression, several assumptions had to 

be met. The dependent variables were not normally distributed for complexity or 

mystery. Furthermore, complexity and mystery did not have equal standard 

deviations for all dependent variables, apart from heart rate.  

4.1 Preliminary Analysis 

Before the dataset was ready for data analysis, some transformations were 

required. We looked at the effect of scenario order on the dependent variables. The 

variables, heart rate and looking time, were transformed to suit better a normal-

distribution. Before continuing the data analysis, outliers were taken out of the 

dataset. 
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POSITION OF SCENARIO 

The scenarios were randomly presented to the participant. This was to ensure 

that there was no effect of order. In order to rule out any effects caused by the order 

in which scenarios were watched, we performed HLM regressions. The HLM 

regressions included one dependent variable (fascination, heart rate, or viewing 

time), and the fixed effect of variable: position of scenario. This model was nested on 

participant level. Table 4 shows the values of scenario’s positions which were a 

significant predictor. Results revealed that upward of the 9th watched scenario, the 

scenario’s position was a significant predictor. These significant results suggested to 

only look at the first nine watched scenarios. The first time of viewing all scenarios 

had no significant influence on the dependent variables and the second time had 

some significant influences. Therefore, the results section was based on the first nine 

watched scenarios. These scenarios included all levels of complexity and mystery. 

Table 4 Significant statistics of the influence of position of scenario on the dependent variables. 

Position of Scenario Estimate Standard Error z p 

Fascination (N=342)     

12 -0.5017 0.2492 -2.01 0.044 

16 1.372 0.1346 10.19 < 0.001 

17 1.198 0.1218 9.83 < 0.001 

19 -1.778 0.1218 -14.59 < 0.001 

Heart Rate (N=320)     

2 0.3091 0.0936 3.30 < 0.01 

12 -0.2262 0.1022 -2.21 0.027 

14 -0.3919 0.1587 -2.47 0.014 

16 -0.4413  0.0688 -6.42 < 0.001 

17 -0.6733 0.0674 -9.98 < 0.001 

19 -0.7376 0.0674 -10.94 < 0.001 

Viewing time (N=333) 

10 0.5450 0.2277 2.39 0.017 

11 0.4924 0.1843 2.67 < 0.01 

13 0.5908 0.2493 2.37 0.018 

14 0.6790 0.3049 2.23 0.026 

17 0.8846 0.1681 5.26 < 0.001 

18 0.9689 0.1681 5.76 < 0.001 

19 0.9689 0.1681 5.76 < 0.001 
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TRANSFORMATIONS OF HEART RATE AND VIEWING TIME 

The heart rate of a participant could be influenced by the duration of the 

experiment. In other words, heart rate could decrease as the experiment progressed 

as participants may be more relaxed at the end than at the beginning due to in-

active position of the body. To control for this influence, a transformation was 

needed. The residuals of the heart rate over the duration of the experiment do not 

depend on duration of the experiment. Out of a linear regression model with heart 

rate as dependent variable and standardized position of scenario variable as 

independent variable, the residuals were calculated. These residuals represented the 

heart rate values. 

A transformation for the variable viewing time was needed. The distribution of 

the first version of viewing time (seconds) looked skewed to the left. Transformation to 

a reciprocal function was needed to shift the distribution to a bell-shaped 

distribution. The final transformation version was a reciprocal function with logarithm 

in the denominator: 
 

                  
. 

OUTLIERS 

After taking the influence of the scenario’s position into account and the 

transformation of the dependent variables, several outliers were found. An outlier 

could have a significant influence on the strength of the relation between variables. 

Criterion of an outlier was to be more than two standard deviations away of the 

mean. Values for heart rate that were an outlier were found for participant 17, 23, 

and 30. For participant 30, multiple outliers (for scenario 1, 3, 5, and 9) were found 

whereby only one outlier value was examined for participant 17 and 23. One outlier 

has been found for the values of fascination (participant 13, scenario 1). The seven 

outliers were deleted from the data. 

5 Results: Quantitative Study 

This chapter describes the results of the relation between the dependent variables 

and the levels of complexity and mystery. The variables, fascination, heart rate and 

viewing time, were examined against the low, intermediate and high levels of 

mystery and complexity. 
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5.1.1 Fascination 

The relation between the dependent variable, fascination, and factors mystery 

and complexity was examined by HLM. Table 5 shows the four models. The following 

results were derived from the HLM regression. The first model examined if an inverted-

U-shaped relation existed of fascination over the levels of mystery and complexity. 

The quadratic (inverted-U-shaped) function was supported over the complexity 

levels (model 1, p < 0.01) and almost supported over the mystery levels (model 1, p = 

0.055). Model 2 did not support a difference between low and intermediate level of 

complexity, but it supported difference for mystery (model 2, p < 0.05). Model 3, 

intermediate versus high levels, and model 4, low and high levels, supported a 

difference of fascination over levels of complexity (model 3, p < 0.001; model 4, p < 

0.01). Figure 8 and Figure 9 depict the significant differences of the various levels of 

complexity and mystery. 

Table 5 Hierarchal regression of fascination. 

Fascination Estimate Standard Error z p 

Model 1: All levels included 

Mystery 0.2729 0.1549 1.76 0.078 

Complexity 0.3104 0.1984 1.56 0.118 

Mystery*Mystery -0.1250 0.0653 -1.92 0.055 

Complexity*Complexity -0.3161 0.1073 -2.94 0.003* 

Between subjects  0.0141 0.0222   

With-in subjects 0.5397 0.0697   

 Model 2: Low & Intermediate levels 

Mystery 0.1885 0.0938 2.01 0.044* 

Complexity 0.0920 0.1252 0.73 0.462 

Between subjects 0.0730 0.0494   

With-in subjects 0.3305 0.0488   

 Model 3: Intermediate & High levels 

Mystery -0.1260 0.0923 -1.37 0.172 

Complexity -0.6153 0.1666 -3.69 <0.001* 

Between subjects 0.0619 0.0412   

With-in subjects 0.4746 0.0762   

 Model 4: Low & High levels 

Mystery 0.1356 0.1234 1.10 0.272 

Complexity -0.6085 0.2191 -2.78 0.005* 

Between subjects <0.000 <0.000   

With-in subjects 0.6787 0.0999   

Note. Starred values are significant (p < 0.05). 
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Figure 8 Fascination ratings versus complexity level ordered by levels of mystery. 

 

 

Figure 9 Fascination ratings versus mystery level ordered by levels of complexity. (reverse version).  

p < 0.01 

** p < 0.001 

*** 

p < 0.05 

* 
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5.1.2 Heart Rate 

The relation between the dependent variable, heart rate, and factors 

complexity and mystery was explored by HLM regression. Four different models are 

performed (see Table 6). First model, all levels of mystery and complexity were 

included. This model supported an inverted-U-shaped relation of heart rate over the 

complexity levels (model 1, p < 0.05). The second model proved difference of heart 

rate between the low and intermediate complexity levels (model 2, p < 0.05). The 

third model excluded the low levels of mystery and complexity, and supported 

almost a difference of heart rate over the levels of complexity (model 3, p = 0.056). 

No significant results were found for the fourth model. Figure 10 shows the significant 

differences of the various levels of complexity, and Figure 11 shows the original 

values of the heart rate per level of complexity and mystery. 

Table 6 Hierarchal regression of heart rate (residuals). 

Heart Rate Estimate Standard Error z p 

Model 1: All levels included 

Mystery 0.0812 0.0778 1.04 0.296 

Complexity 0.1300 0.0781 1.66 0.096 

Mystery*Mystery -0.0348 0.0389 -0.90 0.370 

Complexity*Complexity -0.0709 0.0346 -2.05 0.041* 

Between subjects 0.5482 0.0937   

With-in subjects 0.1068 0.0403   

 Model 2: Low & Intermediate levels 

Mystery 0.0322 0.0570 0.56 0.572 

Complexity 0.1105 0.0488 2.26 0.024* 

Between subjects 0.5838 0.1022   

With-in subjects 0.0637 0.0166   

 Model 3: Intermediate & High levels 

Mystery -0.0638 0.0851 -0.75 0.453 

Complexity -0.0691 0.0361 -1.91 0.056 

Between subjects 0.5392 0.1063   

With-in subjects 0.1217 0.0532   

 Model 4: Low & High levels 

Mystery 0.0155 0.0694 0.22 0.824 

Complexity -0.0918 0.0884 -1.04 0.299 

Between subjects 0.5062 0.1068   

With-in subjects 0.1238 0.0596   

Note. Starred values are significant (p < 0.05).  
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Figure 10 Heart rates (residuals) versus complexity level ordered by levels of mystery.

 

Figure 11 Heart rates versus complexity level ordered by levels of mystery. 

 

p < 0.05 

* 

p = 0.056 
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5.1.3 Viewing Time 

HLM regressions were conducted to examine the inverted-U-shaped relation of 

viewing time over levels of complexity and mystery. Again, four models were 

performed (Table 7). The first model did not support relations over the levels of 

mystery and complexity. The other three models were comparisons between the 

various levels of mystery and complexity. Model 2 showed a significant difference of 

viewing time between low and intermediate levels (model 2, p < 0.05). Figure 12 

depicts the significant difference of the different levels of complexity. Figure 13 shows 

the original values of the viewing time per level of complexity and mystery. 

Table 7 Hierarchal regression of viewing time (transformed variable). 

Viewing Time Estimate Standard Error z p 

Model 1: All levels included 

Mystery -0.2026 0.1710 -1.18 0.236 

Complexity -0.3561 0.2095 -1.70 0.089 

Mystery*Mystery 0.0785 0.0827 0.95 0.342 

Complexity*Complexity 0.1674 0.0964 1.74 0.082 

Between subjects 0.5559 0.1146   

With-in subjects 0.4243 0.0691   

 Model 2: Low & Intermediate levels 

Mystery -0.0949 0.1230 -0.77 0.441 

Complexity -0.2959 0.1339 -2.21 0.027* 

Between subjects 0.4336 0.1095   

With-in subjects 0.3752 0.0708   

 Model 3: Intermediate & High levels 

Mystery 0.1199 0.1168 1.03 0.305 

Complexity 0.0947 0.1197 0.79 0.429 

Between subjects 0.6336 0.1390   

With-in subjects 0.4171 0.0934   

 Model 4: Low & High levels 

Mystery -0.1900 0.1450 -1.31 0.190 

Complexity 0.0125 0.1291 0.10 0.923 

Between subjects 0.4924 0.1238   

With-in subjects 0.4741 0.0908   

Note. Starred values are significant (p < 0.05). 
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Figure 12 Viewing times (reciprocal function) versus complexity level ordered by levels of mystery. 

 

Figure 13 Viewing times (seconds) versus complexity level ordered by levels of mystery. 

  

p < 0.05 

* 
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5.1.4 Relations between Variables 

Within this section, the question is whether the dependent variables for effortless 

attention were related to each other. This question was again examined by HLM 

which was nested on the participant level. Three HLM models were performed with 

each another dependent variable and the remaining variables as independent 

variables. The statistical results are depicted in Table 8. Fascination, heart rate and 

viewing time were measured to define the effortless attention rating of a scenario. 

Only Model 2 examined a significant influence of fascination on viewing time (Model 

2, p < 0.01). 

Table 8 HLM with Fascination as dependent variable. 

 Estimate Standard Error z p 

Model 1: Fascination     

Heart Rate 0.0470 0.0584 0.13 0.894 

Viewing time -0.1196 0.0671 -1.60 0.110 

Between subjects 0.0060 0.0255   

With-in subjects 0.6392 0.0669   

Model 2: Viewing Time     

Fascination -0.1694 0.0611 -2.77 0.006* 

Heart Rate 0.1051 0.1142 0.92 0.357 

Between subjects 0.5343 0.1159   

With-in subjects 0.4130 0.0701   

Model 3: Heart Rate     

Fascination -0.0211 0.0257 -0.83 0.412 

Viewing Time 0.0161 0.0340 0.47 0.635 

Between subjects 0.5453 0.0936   

With-in subjects 0.1086 0.0410   

Note. Starred values are significant (p < 0.05). 
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6 Data Analysis of Qualitative Study 

The qualitative study occurred directly after the quantitative study to provide 

additional information about the experience with the presented scenarios. For the 

qualitative study, a subset of five participants were interviewed. Recording of the 

interview was allowed by all participants. Transcripts of these recordings were 

produced (Appendix C – Transcript of the Interviews). In total fourteen pages of 

transcript were present. The semi-structured interview design provided enough space 

to ask additional questions. The layout is reported in Appendix B – The Semi-

Structured Interview Questions.  

Qualitative content analysis method was used to examine the interview 

transcripts. Themes were derived from the transcripts. Comments of participants were 

related to the themes of the hypothesis, namely mystery, complexity, and effortless 

attention. Other notable comments were separately themed. In the end, the data 

consisted of comments which suited into the themes of the hypothesis and some 

were additional next to those themes. These findings provided additional information 

on the research question and design opportunities for the Dynamic Lighting Design. 

7 Results: Qualitative Study 

The comments from the transcript were categorized into different themes: 

Complexity, Mystery, Effortless attention, and New Ideas. These themes are related to 

the hypothesis of the current study. The theme ‘New Ideas’ is, however, out of scope 

of the predicted hypothesis that intermediate levels of mystery and complexity score 

higher on effortless attention than the low and high levels of mystery and complexity. 

Figure 14 depicts a mind map of the themes and subthemes. Out of every theme, 

design opportunities were pointed out. The design opportunities are guidelines for 

future versions of the Dynamic Lighting Design. 
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Figure 14 Mind map of Themes and Subthemes.  

COMPLEXITY 

 

Figure 15 Theme Complexity. 
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Figure 15 shows the structure of the theme complexity with the sub themes 

patterns and structure. The simple patterns (i.e., lowest level of complexity) were 

mainly preferred, where the single colors were moving in from the corners. 

Participants experienced positive feelings when a pattern was present. Participant 5 

(26, female) even found it “kind of relaxing”. 

 

P. 1 (26, male) “Single color that were moving around in patterns. I like those.” 

P. 2 (23, male) “I prefer the one with some structure.” 

P. 5 (26, female) “There were patterns, that was really nice. Kind of relaxing.” 

 

If a pattern was not present, the scenario was experienced as annoying or even 

complicated. When a fascinating movement was not visible, the scenario was 

experience as boring. Participant 1 (26, male) said “The one with many colors which 

kept changing, I didn’t really like those” and Participant 5 (26, female) said “The 

same pattern all the time, some different colors, no structure, no shape, so it feels 

boring”.  

 

P. 1 (26, male) “There were a few chaotic ones according to me.” 

P. 2 (23, male) “Too many colors are really complicated. So, I would prefer less 

number of colors.” 

 

It was sometimes hard to see the patterns according to participant 5 (26, female) 

who refers to Scenario 8 (intermediate complexity and low mystery): “I don’t see a 

pattern within the colors”. Participant 4 (24, female) announced in the beginning of 

the interview that she likes structure. Only in the end of the interview, her preference 

was mainly for the low structured patterns (i.e., high complexity). She actually saw 

structure in the low structured patterns. When she noticed that actually the designed 

high complexity levels had no structure, she was surprised. Participant 4 (24, female) 

said “I like the less structured ones?? Oh my god!” 

 

We saw that the participants preferred simple patterns which consist of structure and 

not too many colors. Moreover, it was noticeable that the participants focused on 

the type of color and amount of colors to mention a scenario; instead on the 

principles on how the levels of complexity were designed. Moreover, the principles 

did not take into account color preferences. Answers on preference questions were 

mainly answered by referring to the colors, like Participant 2 (23, male) said “The 
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number of colors that could change to, that was very impressing and the range that 

it could change to, was also very nice”, and Participant 3 (26, male) said “Again, the 

colors I would prefer this one over the other one”. 

 

 DESIGN OPPORTUNITY (1) The future scenarios of the Dynamic Lighting Design 

should consist of more structured patterns with fewer colors (approximately, two- or 

three-colors). 

MYSTERY 

 

Figure 16 Theme Mystery. 

Figure 16 shows that mystery had one subtheme, switching. The subtheme 

corresponded to the principle of the mystery domain. The participants preferred the 

slower switches. The switches of intermediate complexity levels were for some 

participants too fast. 

 

P. 1 (26, male) “I like the way how it flows because it is not a sudden on-and-off 

sort of situation.” 

P. 3 (26, male) “When I am relaxing I don’t want that the colors change very 

rapidly every time.” 

P. 4 (24, female) “I don’t like the switching. It switches to different colors and 

very fast.” 
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However, some patterns could be too slow (e.g., Scenario 9 – low mystery and high 

complexity). Participants started to feel sleepy or it was more difficult to concentrate 

on watching the scenario.  

 

P. 1 (26, male) “Started to feel a bit sleepy and it was a little difficult to 

concentrate on what is happening.” 

P. 2 (23, male) “The one where it just changing randomly, those ones did not 

get my attention so much.” 

P. 5 (26, female) “This one is very slow (scenario 9). This one is almost nothing 

going on or you don’t notice it.” 

 

However, the smoothness of the switches was also an important factor. Participant 2 

(23, male) distinguished the scenarios by the speed of colors and the smoothness of 

change. His earlier comment on preference was “It is very gradual and very smooth. 

I liked to look at the transitions a bit more rather than flashing at me”. Out of the 

interviews, it was noticeable that patterns which were changing over time 

encouraged one’s curiosity. Participant 1 (26, male) said “I started to try to figure out 

in which way it was changing. That was nice”. Participant 4 (24, female) said “I try to 

find shapes”. 

 

P. 1 (26, male) “With fewer colors, it easier to concentrate and it is easier to 

visualize where it is going to.” 

P. 3 (26, male) “When I am relaxing, I don’t want that the colors change very 

rapidly every time.” 

P. 4 (24, female) “I don’t like it. It switches to different color and very fast.” 

P. 5 (26, female) “You don’t know what color or pattern is going to come.” 

 

The slow pattern switches were preferred by the participants. However, the transitions 

should not be too slow to prevent people to fall asleep. The following design 

opportunity was derived from this theme:  

 

 DESIGN OPPORTUNITY (2) Future Dynamic Lighting Scenarios should be designed 

with smooth transitions between the patterns and also the colors.  
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EFFORTLESS ATTENTION 

 

Figure 17 Theme Effortless attention. 

The sub-themes of effortless attention are depicted in Figure 17. The subtheme 

‘feelings’ was divided into positive and negative feelings. Where participants felt 

relaxed and calmed, one participant felt energized. This feeling was not predicted 

and, therefore, it is an interesting comment. On the other hand, some participants 

did not feel comfortable. This was mainly because of the displeasing and discomfort 

of people’s eyes when they watched low complexity scenarios. The colors were, for 

example, too bright or too intense. This was displeasing for the eyes. Also, feelings of 

getting bored by the scenario was present (high complexity levels). 

 

Positive feelings: 

P. 1 (26, male) “Some of them were a bit calming” 

P. 1 (26, male) “If I wanted to calm myself down or going to sleep, I would put 

on one of your every smooth one.” 

P. 2 (23, male) “When the color is more structured, seems nice. It really reminds 

me of a disco or something.” 

P. 3 (26, male) “This scenario [high mystery and complexity] is more relaxing. It 

gives a kind of ambience” 

P. 3 (26, male) “It is slightly relaxing when it is blue, red is more [uncomfortable].” 

P. 5 (26, female) “There were patterns, that was really nice. Kind of relaxing.” 
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Negative feelings: 

P. 1 (26, male) “When the single color got really bright or really rich. The really 

blue and red one, it was a little bit irritating to the eye.” 

P. 1 (26, male) “Some of them were a bit boring because it wasn’t like a very 

fascinating movement” 

P. 2 (23, male) “Relax?... I’m not sure about that.” 

P. 3 (26, male) “The bright colors were kind of displeasing to the eyes.” 

P. 5 (26, female) “Sometimes it is a bit too much for the eye. So, if you look at it 

for long time… the color is too bright.” 

 

High complexity scenarios could be a bit boring, but for some participants it was 

relaxing. Two different opinions on the high complexity scenarios were given, one 

really like it while the other found it very boring. 

 

P. 3 (26, male) “Sitting for extra 15 minutes: it depends on the pattern. [High 

complexity] is acceptable.” 

P. 5 (26, female) “The boxes changed separately. It is not so relaxing, it is more 

like active.” 

 

People preferred not to sit another 15 minutes in front of the lighting device. They 

were not able to focus on the device for so long, while some of the participants had 

a feeling of getting lost in the light.  

 

P. 1 (26, male) “It was hard to keep my attention towards the end. You start 

getting to fixated on the end.” 

P. 3 (26, male) “I am not able to focus on it for too long.” 

P. 4 (24, female) “No, I won’t spend 2 minutes of watching it. Maybe when I 

am zoned off and I won’t even notice that I’m looking at it.” 

P. 5 (26, female) “It is nice to watch… but it doesn’t get so much your 

attention.” 

 

Effortless attention evoked by the Dynamic Lighting Design is mainly because of the 

relaxing and calming patterns. However, the color preference of the participants 

remained of major influence on how people felt during watching the scenarios. The 

third design opportunity was derived out of this theme ‘effortless attention’: 
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 DESIGN OPPORTUNITY (3) Relaxing and calming patterns that are interesting 

enough to keep someone’s attention can be purpose of future versions of Dynamic 

Lighting Design. 

NEW IDEAS 

 

Figure 18 Theme New Ideas. 

Figure 18 shows the different subthemes within the theme New Ideas. The 

participants had several comments about the colors of the Dynamic Lighting Design. 

As mentioned earlier, people preference for a scenario was influenced by the 

presented colors within the scenario. They preferred smaller number of colors 

because of the easiness to process. 

 

P. 1 (26, male) “A two color combinations which I probability prefer.” 

P. 2 (23, male) “I prefer less number of colors.” 

P. 2 (23, male) “The random colors did not go well together. It is not as 

fascinating to look at.” 

P. 5 (26, female) “I like that it is changing the full colors.” 

 

The brightness of the device was a bit too high. The eyes became irritated. This was 

mainly with the low complexity levels where the Dynamic Lighting Design changed 

one color by one color. This caused very bright and intense colors. 

  

P. 1 (26, male) “The single color got really bright or really rich.” 

P. 3 (26, male) “The bright colors were kind of displeasing to the eyes.” 

 



45 | P a g e  

 

The experiment’s environment was like a living room. However, the participants were 

placed directly in front of the Dynamic Lighting Design. The participants suggested 

an implementation for the dynamic light to use it as a decoration object in the living 

room instead of a device to sit directly in front of it. Other environments where the 

device could be used were noticed. One remarkable comment was by Participant 2 

(23, male), he suggested to use the device within a party environment: “At a party, 

obviously.” He was also energized by the Dynamic Lighting Design. 

 

P. 1 (26, male) “I will use this as a piece in my living room.” 

P. 1 (26, male) “I won’t be looking at it all the time, but as a background, like 

having sort of vase.” 

P. 3 (26, male) “I will put this in a reading room.” 

P. 2 (23, male) “Initially get energized yes. When the color is more structure, 

seems nice. It really reminds me of a disco or something.” 

P. 4 (24, female) “I will use this thing mostly in a decoration kind of thing.” 

 

Other comments were a more passive purpose. For example, just before going to 

sleep, kind of soothing experience or to implement the design within the ceiling and 

relax before going to sleep. 

 

P. 3 (26, male) “Kind of pattern on your ceiling. It will create a kind of soothing 

experience.” 

P. 5 (26, female) “In the bedroom, maybe in the bath.” 

 

The fourth theme, new ideas, broadens the design implementations of the current 

Dynamic Lighting Design. Participants gave advice on the brightness of the colors. It 

should not be too intense. Besides the current setting, living room, participants 

suggested other settings for the device. The following two design opportunity are 

derived from this theme: 

 DESIGN OPPORTUNITY (4) The future Dynamic Lighting Design should take into 

account the brightness of the scenarios to overcome the irritating and discomfort to 

the user’s eyes. This can be done by using less intense colors. 

 DESIGN OPPORTUNITY (5) In addition to the current purpose of the Dynamic 

Lighting Design, an implementation could be designed where people’s attention is 

drawn away before going to sleep. In this way, they could relax and calm down 

before going to sleep. 
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7.1.1 Summary of Qualitative Results 

Four themes were derived from the five interviewed participants. One major 

observation was the participants’ preference was influence by the color of the 

scenarios. Their dislike or like response to particular colors might have influenced their 

answers on several questions. Another observation was people’s discomfort while 

watching the Dynamic Lighting Design due to the intense and bright colors. 

Their opinion about the Dynamic Lighting Design and its scenarios were diverse. 

Participant 3 (26, male) was initially negative about the experience with Dynamic 

Lighting Design. Mainly because of the displeasing feelings of the eye with the low 

complexity levels. On the other hand, Participant 5 (26, female) was really 

enthusiastic: “I actually really liked it”. Feelings of relaxation and calming experience 

were present for the majority of the participants.  

They did not see themselves sit another 15 minutes in front of the Dynamic 

Lighting Design. However, when the Dynamic Lighting Design is not prominent in 

direct sight of the participant, they would like to use it in their environments. 
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8 Discussion 

In this study, we investigated whether conceptual stimuli also could induce effortless 

attention via the same parameters as nature does. These parameters of nature were 

introduced by Kaplan and Kaplan in 1989. Their Attentional Restoration Theory 

focused on the capacity limitations of the human informational processes. When 

applying the effortless attention pathway, people could restore their capacity. 

Information that follows this pathway is explained by the preference matrix (Kaplan & 

Kaplan, 1989). This matrix on preference for particular informational factors was 

derived out of a wide investigation on natural stimuli. Prior studies on nature as stimuli 

have shown that natural environments have high restorative potentials (Kaplan & 

Kaplan, 1989; Ulrich et al., 1991; Herzog et al., 1997; Beukeboom et al., 2012; de 

Bloom et al., 2017). However, introduction of the nature’s parameters into a 

conceptual (non-natural) stimulus was not widely investigated. The current study’s 

conceptual stimulus (Dynamic Lighting Design) varied on levels of complexity and 

mystery. These parameters were inspirited by the informational factors of the 

preference matrix. 

8.1 Findings of the Current Research 

In general, the inverted-U-shaped relation over the levels of complexity was 

supported by fascination and heart rate, and fascination supported almost 

significantly an inverted-U-shaped relation over the levels of mystery. Additional 

performed models showed several significant differences between the various levels 

of complexity for the variables: fascination, heart rate, and viewing time. Only a 

significant difference between low and intermediate levels of mystery was found for 

fascination. In addition, a significant influence of fascination on viewing time was 

examined. The following sections will explain these findings.  

8.1.1 Fascination & Complexity 

Several relations were found between fascination and complexity. The 

hypothesized inverted-U-shaped relation was supported over the complexity levels. 

The additional models, which examined a difference between the various levels, 

showed that the intermediate levels received higher fascination ratings than the high 

complexity levels. A non-hypothesized difference was found between low and high 

levels of complexity. The low complexity levels received higher fascination ratings 



49 | P a g e  

 

than the high complexity levels. An explanation of this phenomenon could be the 

position of the optimum middle of complexity. Despite the supported inverted-U-

shaped relation, the designed optimum position might not have been the exact 

optimum. In other words, the current study´s designed levels were not exactly on the 

right position as well as the exact distance between the designed levels was 

unknown. 

The qualitative data also supported the higher fascination ratings for lower 

complexity levels. The participants experienced the higher complexity levels as 

boring or sometimes even confusing. They had a preference for the lower complexity 

levels where structure or patterns were clearly visible. This is in contradiction with 

Kaplan and Kaplan (1989). They stated that little complexity was highly present in 

disliked scenes. It might be possible that the designed high levels of complexity are 

experienced as lower levels of complexity. One participant in the qualitative study 

initially stated that she liked structure, but towards the end of the interview she 

reported to like the high complexity levels, in which no structure was intended. This is 

an example that the high complexity level could be experienced as a lower level of 

complexity. 

Mixed results on the shape of the relation between fascination and complexity 

were found within the literature. The literature research examined mainly the results 

that were based on the relation between complexity and preference within natural 

environments. However, the current study examined the relation between 

complexity and fascination. The findings of the study by Laumann, Gärling, Stormark 

(2001) suggested that preference and fascination are correlated. This indicates that 

we could compare the findings on complexity and preference with our current 

study’s findings. Nasar (1994) stated that many studies were unable to find non-linear 

relations; moreover, several studies found a linear relation between complexity and 

preference (e.g., Kaplan et al., 1972; Bornstein, 1989). However, the current study 

supported an inverted-U-shaped relation between complexity and fascination. The 

inverted-U-shaped relation between complexity and preference was supported by 

Wohlwill (1975), Kaplan and Kaplan (1989), and Nasar (1994).  

The additional performed models, which examined a difference between the 

various levels, did not supported a difference between the low and intermediate 

complexity levels. The difference might not have been large enough, because the 

intermediate level might be still too clear and simple such as the lower levels of 
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complexity (Kaplan & Kaplan, 1989). Figure 8 and Figure 9 depict this observation. 

The prediction lines of low and intermediate complexity were almost identical over 

the mystery levels. This might indicate that the low and intermediate levels of 

complexity were not very different from each other. The designed low level of 

complexity might be too complex. However, it is not possible to derive to any 

conclusions with the current designed three levels because we do not know if we 

already have reached the lowest complexity level. The possibility is present that the 

findings even indicate that there is only a linear relation between fascination and 

complexity. 

8.1.2 Fascination & Mystery 

The levels of mystery almost approached a significant influence on the 

fascination ratings. It suggested an inverted-U-shaped over the levels of mystery. 

After further investigation on the relations between the various levels of mystery, a 

difference between low and intermediate levels of mystery was supported. This 

means that higher fascination ratings were examined for the intermediate levels of 

mystery than for the lower levels of mystery. Findings from the qualitative study were 

inconclusive on this subject. Some participants liked the switching (higher mystery 

levels) and others preferred smooth transitions (lower mystery levels). The overall 

observation was that the random place switches were disliked (higher mystery 

levels), and the smooth transitions were liked (low mystery levels, where no random 

place switches were present).  

We observed that the findings of the quantitative study and qualitative study 

are difference. A reason for that could be that the designed mystery levels were 

interpreted wrongly. It could be that the designed levels were no inducing mystery 

but more a degree of surprise. According to the description of mystery by Kaplan 

and Kaplan (1989), the interpretation of mystery and surprise are quite similar but 

there is a difference. The Kaplans (1989) stated:  

 

‘It is important to contrast Mystery with surprise. A path leading to a visible 

closed door suggests surprise but not Mystery. For the latter, the change in 

vantage point needs to provide information that is continuous with what is 

already available, rather than a surprise.’ (p.56) 
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The study by Stamps (2004) did find that mystery was a positive contributor of 

preference, and according to Kaplan and Kaplan (1989) is mystery an important 

informational factor to explain preference. They made a comparison between 

several studies on the informational factors of the preference matrix. They examined 

eleven studies. Out of ten studies, mystery had a significant positive correlation with 

preference. The current study supported these positive findings. However, the fact 

that the inverted-U-shaped relation of fascination over the mystery levels 

approached significance indicates that too much mystery (unpredictability) could 

also have a negative contribution to the fascination. The findings of the qualitative 

study supported this negative contribution, but it remained unclear if the designed 

mystery levels were representative as discussed earlier. 

8.1.3 Heart Rate & Complexity 

The second measure for effortless attention was heart rate. The heart rate was 

measured by a Polar-H7 band. The accuracy of the Polar H7 had a 99 percent 

agreement with an electrocardiogram according to Wang and colleagues (2017). 

The heart ratings should be for this reason a very reliable measure for the heart rate. 

The levels of complexity showed a significant U-shaped relation of the heart 

ratings. The additional performed models to test a difference between the various 

levels of complexity showed interesting findings. The intermediate complexity levels 

showed lower heart rates than for low complexity levels. Heart rates almost 

supported a significant difference between intermediate and high complexity levels. 

Moreover, lower heart rates were measured over the intermediate complexity levels 

than over the higher levels.  

Despite the several other contributors that could influence heart rate, we were 

interested in the relation between heart rate and effortless attention. Cacioppo and 

Sandman (1978) stated that an increase of mental effort (where direct attention is 

required) relates to higher heart rates. Ulrich (1993) stated that nature stimuli (which 

induce effortless attention) reduce people’s heart rate. These studies indicate that 

lower heart rates are examined with effortless attention, and higher heart rate are 

examined with effortful attention. This may indicate that the intermediate levels of 

complexity, where the lowest heart rate were observed, could evoke effortless 

attention. Another explanation of the inverted-U-shaped relation between heart rate 

and complexity is that the participants were asked to focus on the Dynamic Lighting 

Design. This might be harder for the low and high complexity levels than for 
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intermediate levels because of the required effortful attention. This might be an 

explanation of the higher observed heart rate for these levels. 

As well as Ulrich (1993) stated, Laumann and colleagues (2003) examined lower 

heart rates while people watched the natural scenes than for urban scenes. As 

mentioned earlier by the Kaplans (1989), urban scenes are generally judged more 

complex than nature scenes. This suggest that participant’s heart rate could be 

lower when the participant observes a low complexity level and higher when the 

participant observes a higher complexity level. However, this does not indicate an 

inverted-U-shaped relation between heart rate and complexity.  

According to participants in the qualitative study, lower complexity levels were 

experienced as more relaxing than the higher complexity levels. The quantitative 

study examined the lowest heart rates while the participant watched the 

intermediate levels, but the qualitative study reported more relax and calm feelings 

while the participants watched the lowest complexity level. This finding differs from 

the quantitative data. This emphasizes the difference between the subjective and 

objective reactions to the different levels of complexity. 

8.1.4 Heart Rate & Mystery 

The U-shaped relation between heart rate and mystery was not supported by 

our dataset. However, Figure 11 depicts slightly the U-shaped relation over the 

mystery levels. The non-significant results might suggest that the designed mystery 

levels are not consistent over the domain or not representing mystery as nature does. 

In other words, the current study’s designed mystery levels did not influence the 

participant’s heart rate significantly.  

As mentioned earlier in section 8.1.2, the designed levels of mystery could not 

be examined if they indeed suggest different levels of surprise instead of different 

levels of mystery (Kaplan & Kaplan, 1989). For example, the interviewed participants 

may not have commented on the intended levels of mystery but on degree of 

surprise.  

The findings of the qualitative data suggested that slow and smooth transitions 

were experienced as more relaxing and calming, and they were preferred above 

fast and sudden transitions. According to Tsutsumi and colleagues (2017) are lower 

heart rate observed while watching the preferred scenes. This indicates that lower 

heart rate should be observed for the low mystery levels. This is inconsistent with the 

reported findings of Herzog and Miller (1998). They reported higher preference ratings 
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for higher levels of mystery. This contradiction suggests again the inconsistency of the 

levels of mystery. 

8.1.5 Viewing Time & Complexity 

Again, we also assumed an inverted-U-shape relation of viewing time over the 

levels of complexity, and this relation was not supported. The participants might take 

more time to view a more complex scenario because they try to understand the 

scenario’s structure and appearance (Berlyne, 1973). This indicates a linear relation 

instead of an inverted-U-shaped relation. 

Additional performed model examined a significant difference between low 

and intermediate levels of complexity, and this was not examined for the dependent 

variable, fascination. Wohlwill (1976) supported this difference between fascination 

and viewing time. He argued that viewing time increased simultaneously with 

degree of complexity, whereas an inconsistent quadratic function was examined for 

ratings of preference. The positive relation between viewing time and complexity 

was also supported by Gaschk and colleagues (1968) and by Berlyne (1973). 

In the master thesis by Staats (1978), a study was conducted about various 

viewing times for different landscapes, and she also examined the informational 

factors of complexity, coherence, and mystery. She argued that understandability 

and familiarity are important factors that influence viewing time. These factors could 

vary between and within subjects. This view was also supported by Kaplan and 

Kaplan (1989). This statement could be related to the current study. The 

understandable and familiar levels of complexity are easier to process and, 

therefore, the designed lower complexity levels should be watched shorter than the 

higher complexity levels. This corresponds with supported difference between low 

and intermediate levels of complexity.  

8.1.6 Viewing Time & Mystery 

The levels of mystery did not support an inverted-U-shaped relation of viewing 

time. However, a slightly quadratic relation of viewing time is visible in Figure 12 over 

the mystery levels. The intermediate levels of mystery were watched longer than the 

low and high levels of mystery, but this was not statistically significant. As mentioned 

earlier, the levels of mystery may not be represented correctly but more like a 

degree of surprise (Kaplan & Kaplan, 1989). This explains why the levels of mystery do 

not influence viewing times.  
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According to the qualitative data, the participants experienced the rapid 

switches as annoying and they disliked it. The speed of switching colors and patterns 

had influence on how long they would watch the scenarios. When the switches were 

too slow, people tend to find it boring and want to continue to the following 

scenarios. On the other hand, people found it irritating if the switches were too fast. 

This should indicate lower viewing times for higher level of mystery. However, the 

quantitative data does not support this difference.  

8.1.7 Relation between Dependent Variables 

The fascination rating of a scenario was related to the viewing time of a 

scenario and not in the opposite direction. Other variables and directions did not 

examine a significant relation between each other. The study by Berto, Massaccesi, 

and Pasini (2008) reported no difference in viewing times between low and high 

fascinated scenes; however, we examined a relation between fascination on 

viewing time. 

 

Overall, the findings of the current study on the designed levels of complexity 

and mystery are as followed: the manipulated features of the levels of complexity 

are influencing the measured variables, fascination, heart rate, and viewing time. On 

the other hand, the manipulated features of the levels of mystery are not influencing 

the measured variables, heart and viewing time. It had an influence on the 

fascination rating; however, the results might suggest that we did not manipulated 

the levels of mystery but earlier a degree of surprise. 

8.1.8 Additional Findings on Dynamic Lighting Design 

In addition to the previously mentioned findings, the interviews rendered 

additional findings. It was noted that the participants often referred to features of the 

scenarios by using the word ‘colors’. The influence of colors on the preference of 

scenarios was noticeable. One participant even distinguished her feelings based on 

the colors. She said that blue colors were more relaxing than the red colors. 

Another finding during the interviews was that the participants imagined the 

Dynamic Lighting Design more as a decorative device than to look directly at it for a 

longer duration (like the experiment setting). Although, the Dynamic Lighting Design 

created according to the participants a kind of ambience, or the room felt more 

alive.  
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8.2 Implementations of Dynamic Lighting Design 

The research project started with the question: how light can be used as a 

relaxation exercise. From this start point, several directions could be taken. We chose 

for a Dynamic Lighting Design that had the purpose to restore our limited attentional 

resource capacity by evoking effortless attention. Out of the qualitative study, 

several design opportunities were highlighted: 

DESIGN OPPORTUNITY (1) The future scenarios of the Dynamic Lighting Design should 

consist of more structured patterns with fewer colors (approximately, two- or three-

colors). 

 Practical implementation (1): New scenarios could focus more on different and 

more variations of the lower complexity levels. 

DESIGN OPPORTUNITY (2) Future Dynamic Lighting Scenarios should be designed 

with smooth transitions between the patterns and also the colors. 

 Practical implementation (2): The levels of mystery could be further explored and 

developed on how to design a domain that does not indirectly influence the other 

domain, complexity, and imply another domain (surprise).  

DESIGN OPPORTUNITY (3) Relaxing and calming patterns that are interesting enough 

to keep someone’s attention can be purpose of further Dynamic Lighting Design. 

 Practical implementation (3): The scenario of the combined levels of mystery and 

complexity should look like a whole. 

DESIGN OPPORTUNITY (4) The future Dynamic Lighting Design should take into 

account the brightness of the scenarios to overcome the irritating and discomfort to 

the user’s eyes. This can be done by using less intense colors. 

 Practical implementation (4): The Dynamic Lighting Design should be able to 

adjust to the personal comfort settings. 

DESIGN OPPORTUNITY (5) In addition to the current purpose of the Dynamic Lighting 

Design, an implementation could be designed where people’s attention is drawn 

away before going to sleep. In this way, they could relax and calm down before 

going to sleep. 

 Practical implementation (5): A modular purpose of the Dynamic Lighting Design 

could serve a wide range of personal desires. 

 

Figure 20, 21, and 22 shows how the Dynamic Lighting Design can be implemented in 

our daily lives. 
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8.3 Limitations & Future Research 

This study tried to translate specific qualities of natural environments to a more 

abstract or conceptual version, the Dynamic Lighting Design. This translation evoked 

several limitations. The levels of complexity and mystery were based on the textual 

 

Figure 19 Implementation in the living room. 

A setting where the Dynamic 

Lighting Design is used as a 

object somewhere in the living 

room. It is kind of decoration item 

in the living room. 

 

Figure 20 Implementation on the wall of the bedroom. 

The Dynamic Lighting Design is 

used as a device where a person 

could look at before going to 

sleep. To calm down and relax. 

 

Figure 21 Implementation on the ceiling of bedroom. 

Within this practical 

implementation, the Dynamic 

Lighting Design is mounted at the 

ceiling. In a lying position, the 

person could relax while 

watching it. 
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instructions out of the theory. Kaplan and colleagues (1972) verified their natural and 

urban environments by their participants. The participants judged the scenes on the 

informational factors of the preference matrix (e.g., complexity and mystery). We did 

not examine the judgments of our participants on the various levels of complexity 

and mystery. Suggestion for future research is to examine the designed levels of 

complexity and mystery. For this reason, the current study had a more explorative 

nature. A direction has been made on how to translate natural environments to a 

more conceptual version. However, the scenes should be judged on the 

informational factors of the preference matrix just like the Kaplans did in their studies.  

In addition to non-judged scenarios, several other limitations during the study 

might have influenced the results. First, the setting of the experiment was like a living 

room. However, the experimenter was present in the same room as the participant. 

The reason for that was the required hardware connection to the computer. The 

presence may have influence the participant’s state of mind. Future research should 

encounter this by designing hardware which is controllable on a distance. 

Second, the method of measuring the viewing times was sensitive for errors. The 

time stamps were taken when the scenario was started by the experimenter and 

when the participant started to fill-in the questionnaire. The second moment might 

cause for more diverse viewing times than maybe there initially were. One 

participant was quick on deciding the answer and the other participant needed 

more time for that. An eye-tracker device could record more precise viewing times 

than the current method. Future research should consider this option.  

Third, the temperature during the experiment week was high. The temperature 

in the experimental room became warmer during the week. This might have 

influenced participant’s heart rates (Bartholomew & Lasiewski, 1965). A controllable 

lab environment could have removed this issue. 

Some ethical issues were raised from the conducted study. According to the 

interviewed participants, the Dynamic Lighting Design caused discomfort of the 

participant’s eyes. The intense colors were irritating for the eyes. Future designed 

scenarios should encounter this problem to ensure there is no discomfort of people’s 

eyes. Another ethical issue was related to researched group. All participants were 

part of the participant database of the university and, therefore, the probability that 

the participants participated in other studies was high. This may have resulted in a 

decrease of interest on how much they were engaged in an experiment. The 
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behavior might have influenced on how they filled in the questionnaire and how 

long they watched a scenario. Despite this influence, the qualitative data showed 

that participants were not able to focus on the scenarios for too long because they 

got too bored. Participants mentioned that the first 10 minutes of watching the 

Dynamic Lighting Design were a positive experience and the second 10 minutes 

were more negatively experience. 

In addition to the earlier mentioned improvement suggestions for future 

research, other directions for future research are distinguishable. For example, the 

Dynamic Lighting Design could be examined on how it could influence the 

subjective waiting time in public waiting rooms (e.g., at the general practice center 

or public transport system). Another suggestion for future research could be the 

relation between Dynamic Lighting Design and feelings of tension or frustration. The 

principles to conceptualize the parameters of nature could also be further examined 

outside the concept of light, for example, within the concept of sounds or tactile 

surfaces. However, the first step that has to be made by future research is to clarify 

the principles and make them uniform and constant. For example, designing more 

levels per informational factors could examine an inverted-U-shaped more precisely.  

8.4 Conclusion 

The findings of the current study support the research question whether 

conceptual stimuli also could evoke effortless attention similar to how nature does. 

We hypothesized that the intermediate levels of complexity and mystery induce 

more effortless attention than low or high levels of complexity and mystery (like an 

inverted-U-shape). Effortless attention was measured by the variables: fascination, 

heart rate, and viewing time. Complexity and mystery levels had an influence on all 

dependent variables which measured effortless attention. The complexity levels had 

a significant influence on fascination and heart rate, and the mystery levels almost 

approached a significant influence on fascination. These findings indicate that the 

hypothesis could be supported. However, the uncertainty remained if the designed 

levels of complexity and mystery were equally distributed over the levels. Future 

research should first examine the designed levels on the informational factors before 

continuing testing the effortless attention ratings. The main finding was that the 

parameters of nature could be applied outside of their scope, namely within 

conceptual stimuli. 
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10 Appendices 

Appendix A – Setup Laptop Screen & Tablet Screen 
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Appendix B – The Semi-Structured Interview Questions 

Recordings YES / NO 

Participant 

Number 

 

Introduction 

1 You just watched the scenarios. Do you have any thoughts at this point? 

  

Warm-up (watch all scenarios) 

2 What are your thoughts of the scenarios at this moment? 

  

2.1 Additional question:  

  

General 

3.1 What do you not like about it? 

  

3.1.1. Why? 

  

3.2 What do you like about it? 

  

3.2.1. Why not? 

  

Focus 

4.1 What for difference between the scenario did you see? 

  

4.2 Which features got your attention? 

  

Retrospective 

5.1 Which situations could you think of where you see this product implemented? 

  

5.2 Would you like to sit-down another 15 minutes to watch the dynamic lighting? 

  

Wrap-up 

6.1 Sum-up the participants statement. Do you have something to add? 

  

6.2 Hanging questions or comments left? 

  

Outside context comments 

7.1  

  

7.2  
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Appendix C – Transcript of the Interviews 

E: Experimenter P: Participant 

Participant Number: 1 

 Transcript 

E You just watched the scenarios, do you have any questions at this point? 

P What is the purpose of terms of the patterns? What are you trying to 

achieve? 

E There are several scenarios and there are two dimensions in these 

scenarios. Which I manipulated. I hope that these scenarios are 

fascinating.  

E Do you have any thoughts left? 

P Some of them were a bit calming. They were moving really slow. I felt 

myself feeling calm. There were other scenarios where the screen went 

from one color to another. I didn’t like. So those one I really don’t like. But 

the ones that were like moving slow and changing, I liked. (1:31) 

E So, you mean the change which were natural? 

P Yes, I started to try to figure out in which way it was changing. That was 

nice.  

E Are you saying that you are trying to predict what is going to happen? 

P Yes, to predict what is happening. 

E Do you like when you really know what is going to happen? 

P If I predicted right, then I am like, okay I got that right. 

E Maybe you recognize that some time the scenario switch shapes for 

example. What is your thought about the switching? 

P I think some of them were uniform in terms how they were switching 

colors. But there were others where the corner had like buns of different 

colors. I didn’t know what happening now. It wasn’t very intuitive for me. 

It was just a collection of colors. I didn’t see any pattern or reason for 

that. (2:48) 

E Did you like that you didn’t see any patterns or do you prefer a pattern in 

the lighting scenarios? 

P It depends. There were some that had single color that were moving 

around in patterns. I liked those. But the one with many different colors, 

which were kept changing, I didn’t really like those.  

E What did you not like about the lighting? (3:24) 

P When the single color got really bright or really rich. The really blue and 

red ones, it was a little bit irritating to the eye. But apart from that, this 

level is fine [we ended with scenario 8, low mystery and intermediate 

complexity].  

E What did you like about the scenarios? (3:50) 

P I like the way how everything flows because it is not a sudden on-and-off 

sort of situation. It is very gradual and very smooth. And for me, I liked to 

look at the transitions a bit more rather than flashing at me.  

E When you for example speed up the changing of the colors? It doesn’t 
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switch a lot, but only smoothly through the colors. 

P Yeah… I like the conditions between the colors rather than …(flashing) 

you know. 

E Do you like the speed, how the lighting is changing now? Or do you think 

it should be slower of faster [Scenario 8]. 

P It depends. The first 10 minutes, you just looking at this, but then when it is 

moving slower. I started to feel…I don’t know if it is a good thing or bad… 

because was sort of slow pattern... started to feel a bit sleepy and it was 

a little difficult to concentrate on what is happening.  

E It was hard to keep your attention on the device? (5:22) 

P Yes, towards the end, yes. You start getting to fixated on the end.  

E Did you see the differences between the scenarios? Could you recall 

them? (5:47) 

P Uhh… like I said... the first ten minutes maybe, but after that I was looking 

at each scenario from case to case. From scenario to scenario. I wasn’t 

totally comparing it against the previous one. The first ten minutes I was 

like: yes, this happens. 

E You filled in after every scenario a questionnaire and between those 

moments you saw the scenarios. Did you see any difference between 

those scenarios? 

P Yes, in terms of …, some of them were a bit boring because it wasn’t like 

a very fascinating movement. So, I wouldn’t entirely think of the … 

scenario again.  

E When you are comparing the scenarios? 

P In the beginning, ten minutes or so, there were a few chaotic ones 

according to me. So, I able to remember which ones were chaotic and 

okay this is another pattern.  

E Every scenario has it one features, which one got your attention the 

most? 

P The ones which were moving in from the corners. That had couple of 

different patterns. (Scenario 1/4/7).  

E [I put the scenario 1 on] (7:22) 

P Yes, this one. I like the moving in and moving out. I like that.  

E This scenario consists of a symmetry (like here). The other scenario I put on 

(Scenario 2/5/8). What do you think of this one? (7:57) 

P In the beginning, there were a lot of colors inside. But then it starts to get 

more uniform (equal). This one is a bit, I don’t know what I feel about it. 

After that it started to be a two-color combination which I probably 

prefer.   

E So, less color, too many colors... 

P Too many colors combinations, I don’t know what and where to focus 

on. With less colors, my eyes can process what happens. Too many 

colors, I don’t know what to look at.  

E And do you think when there are less colors, is it easier to concentrate?  

P It is easier to concentrate and it is easier to visualize where it is going to. 

When a lot of colors is like, okay I don’t know where it is going.  
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E You see this lighting device. Can you think of situations where you want 

this product in your environment? Or maybe not… (9:29)  

P I will use this as a piece in my living room. But I won’t be looking at it all 

the time, but as a background, like having sort of a vase. It is a nicer thing 

to have. Because it is sort of alive, it is moving. It gives a sort of character 

to the room.  

E Can you think of a moment, that you sit down and look for 15 minutes at 

it?  

P I don’t do that, but when I’m walking into the room and I see that 

changing. It feels like to the room has some sort of life.  

E So, you are not thinking to sit down for an extra 15 minutes. 

P If I wanted to calm myself down or going to sleep, I would put on one of 

your very smooth one. I will definitely do that. Like a more abstract 

YouTube video in the night. 

E To wrap up your thoughts: You like more simple colors scenes and the 

smoother transitions ones. This turning [intermediate complexity] what 

happens now, you prefer the other [low complexity] the simpler ones. Do 

you have anything to add? 

P No that it pretty much all.  

E Do you have any other comments or questions left? 

P Not particular for your experiment.  

 

Participant Number: 2 

 Transcript 

E You just watched the scenario. Do you have any questions about 

scenarios? 

P Why are you doing this, what is the purpose of this experiment? 

E If different dimensions which are manipulated, are fascinating. 

E What are your thoughts about the scenarios? 

P Yeah, so, I looked at the first two scenarios (scenario 2 & 7?), they were 

different from each other. They were the complete opposite from each 

other. I thought the first one just followed the color of the rainbow. The 

second one was just the opposite from it. You start with red goes to pink, 

whatever.  

E And what are your thoughts about it? 

P The first two scenario got my attention. When the colors were changing in 

a particular order. That way it is keeping your attention to it.  

E You recognize a rainbow in it. That one didn’t or? 

P Yes, that one got my attention. The one where it just changing randomly, 

those one not much.  

E For example, this one, this one is very complex and no structure.  

[scenario 6] What do you like? 

P I prefer the one where was some structure in it. This one now [scenario 6] 

is too complicated. The random colors did not go well together. It is not 

as fascinating to look at.  
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E This scenario had a lot of colors and other had less colors. Which one do 

you prefer? 

P Too many color is really complicated. So, I would prefer less number of 

colors. More simplicity.  

E I programmed the lighting, that every scenario has the same color and 

brightness. Which scenario did you like to most? 

P The first two ones.  

E And why? 

P There was structure and the colors changed a little smoothly. It was not a 

random change.  

E What didn’t you like? 

P The last part where the colors just kept changing randomly. There was not 

structure. The colors didn’t go well together.  

E What did you notice any different between the scenarios? 

P The speed in which the color changed. The smoothness in which it 

changed. For example, in some the scenarios the dial (the turning?) 

changed really fast. But in some scenarios, for example the first two colors 

were more brighter than the next two, were little less bright. And they 

changed evenly. So, speed of color and smoothness changed.  

E Which features of the lighting device got your attention the most? (4:41) 

P The number of colors that could changed to, that was very impressing. 

And the range that it could change to, was also very nice.  

E Could you think of a situation where you can put this product/lighting 

device in your environment? 

P At a party, obviously.  

E How do you see this lighting device at a party?  

P The light will probably be situated in the corners.  

E At a party to get more energy, right? (Yeah) Do you also get more 

energy from the lighting device?  

P Initially yes. When the color is more structure, seems nice. It really reminds 

me of a disco or something. 

E Do you also get more relax with a couple of scenarios? 

P I’m not sure about that. I mean, it is not something that can relax you. I 

didn’t feel like that. 

E If you are imagining another situation where you sit another 15 minutes in 

front of this lighting device. Do you want to do that? 

P Not exactly no. 

E To wrap up your comments: you like more the smooth colors and the 

simpler structures. (Yeah) The speed shouldn’t be too fast. And which 

scenario do think it was not too fast? 

P The first two scenarios  

E Do you have anything to add? 

P I think I told you anything.  

E Maybe you have any other comments or questions? 

P Just I prefer that the color goes to well together. Now some colors don’t 

match. Purple and lighter pink versions, didn’t go together. I prefer more 
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matching colors.   

 

Participant Number: 3 

 Transcript 

E So, you watched a couple of scenario. Do you have any questions or 

thoughts left at this point?  

P The bright colors were kind of displeasing to the eyes. Like a kind of 

irritation. Lighter to a more brighter one. I found that displeasing. 

E I will go through all the scenarios with you. We will start with number 1.  

E Can you say what you see and what your thoughts are? 

P I see that is coming from a lighter to a brighter shape. Then going 

backwards, from a brighter to a darker. And a transition from red, green, 

blue. 

E Do you like what you see at this moment? 

P Not this one. I am not able to focus on it for too long. Sometimes it can 

be displeasing to the eyes.  

E Can you say something about the structure of this scenario? 

P It is like a square. It is coming from the inside to the outside. The color did 

get scattered. Then again is coming back. Let from the inside to the 

outside and outside to the inside.  

E And when you compare it to this one [scenario 3]. Which one do you 

like more? 

P I can look at it for a longer duration. It is not displeasing for the eyes. It 

has an even distribution of colors. To focus on this scenario for a longer 

duration won’t be an issue.  

E So, this scenario [3], there is difference in the structure. First you saw a 

plus structure and now you don’t see a structure. When you look at 

those features, which one do you prefer?  

P I would prefer this one [3], again the colors I would prefer this one over 

the other one. 

E What makes it you feel? 

P My eyes feel more comfortable with this pattern [3]. The other scenario 

[1], I feel my eyes are contracting and expanding. This was not so 

relaxing. This [3] is more relaxing.  

E You have the following scenario [2]. What are your thoughts about this 

scenario? (3:19) 

P This scenario is not too dark or too light. But I will put it more to an 

extreme end. Some time it might not be comfortable. Yes, I won’t be 

able to focus on it for a longer duration. Now, it is like an extreme.  

E Do you see the switching between the shapes, do you like those 

changes? 

P The pattern change, I think it is fine. But when the color might be 

different than it will be okay. The pattern swift seems okay.  

E The next scenario [5] has the same color structures and it is only 

changing less. What do you think about this scenario? (4:30) 
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P I like this more comparing to the other two. The color transitions are 

slower, maybe it is not irritating the eyes so much.  

E What do you feel about this one?  

P This seems fine. I would still prefer the second one [scenario 3].  

E Do you feel relax or energetic when you see this scenario? 

P I don’t feel energetic. I feel a bit, kind of ‘choric’ [uncomfortable?] . 

When it is red is more ‘choric’ [uncomfortable?] , and then it is blue is 

more kind of relaxing. Yes, slightly relaxing when it is blue. 

E The following scenario is 8. Just watch a little. Do you see the difference 

between this one and the previous scenario? What do you think about 

that feature? 

P Yes, at this moment is slightly a ‘choric’ [uncomfortable?]  feeling. Like 

displeasing. But compare to the others, it is okay.  

E Do you like it more than the previous one [scenario 5]? 

P This one is better than the previous one and the first one  

[scenario 1 & 5].  

E The following scenario [9], Can you explain your feeling about this one. 

What you like? 

P This one gives a more relax feeling. Give kind of ambiance. As an indoor 

lighting, a definitely prefer this thing. Again, when I am relaxing I don’t 

want that the colors change very rapidly every time. That make me 

more ‘??’ [uncomfortable?]. This has more like a relax pattern. Good 

ambience.  

E When you compare this scenario [9] to this scenario where it is not 

changing a lot, just slowly. [Scenario 6]  

P When the changing isn’t that noticeable then it is not that much of a 

difficulty. When it is just randomly change, it might be when flipping my 

eyes, I don’t see the changes. When you have a changing color 

everywhere, it is kind of interfering.   

E It is a positive feature? That it is changing. When you compare it to the 

previous scenario [9].  

P I don’t see much of a different. When the changes are too rapid, it 

doesn’t matter.  

E So, in general. What do you like about the lighting device? 

P It depends on what purpose it will serve. 

E What do you think what kind of purpose it serves? 

P Maybe at night, when you don’t have lights. Kind of a night lamp. 

Maybe then it will be good.  

E Which features/things do you like about the device? 

P Always better than just light. When you have different color, yeah it is 

good. Again, when you have this kind of a pattern on your ceiling. It will 

create a kind of soothing [warm/soft] experience. A pleasant 

atmosphere. Maybe the dynamic kind of a thing would be good.  

E What do you don’t like? 

P Maybe when there is a possibility to change the square patterns.  For 

example, instead of square, maybe round.  
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E Maybe the whole device in a round shape? 

P Yes, or maybe the individual squares. Or maybe in different shapes. 

E Why do you prefer that?  

P With a circle, I feel more comfortable in itself. When it is a circle is 

smoother, I will be more gradual when it is going from here to there to 

there in very slow pattern. Maybe a feature where you can switch off 

individual blocks. (12:12) 

E You just saw all the scenarios. What do you think are the main difference 

between the scenarios? 

P Like you said, there is a difference in pattern. The lighting conditions, 

some were too bright and some were okay.   

E Which features of the scenarios got your attention the most? 

P There was an even distribution. So, it was like providing an ambience. 

Sudden change in light, you would be tracking that with your senses.  

E Can you think of situation where you can put this device in your 

environment? 

P I will put this in a reading room. Or on my ceiling. I will give you a good 

ambience to read books.  

E You just sat down for 20 minutes in front of this device, could you do that 

another 15 minutes? 

P It depends on the pattern.  

E On which pattern? 

P Expect of the dark ones, this is acceptable. [Scenario 9] 

E What do you think what happen with your body during this 15 minutes? 

P When the colors don’t change, I think there will be also not a change in 

the body.  

E Maybe you feel for example more relax or... 

P Yeah maybe more relax.  

E I will wrap it up: you like more where there is no pattern. The more softer 

colors. Do you have something to add? 

P No nothing. 

E Do you have some hanging questions left? 

P Where are you planning to implement it? 

E Somewhere in the living room… 

 

Participant Number: 4 

 Transcript 

E In front of you, you saw a couple of scenarios. What are your first 

thought about them?  

P It started very organized and then it scattered. I like organized stuff 

myself, so I wasn’t a fan of the scattered ones. I also like the more 

vibrant colors, not the peel ones. The mix of them, yah sure.  

E So more the organized types than the chaotic ones. Next, I will go 

through all the scenarios with you and ask for your experience and 

thoughts about it. 
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E The first scenario [1]. What are your first thoughts about this scenario? 

P It starts off with red, which is like a color of anger and in my opinion, is 

about upset/anger. Then it goes to yellow, slowly mellow. Very bright 

pink, and goes back to that. It is huge, it is big screen with red color and 

suddenly like goes to the center. Instead of the entire tiles, it is just one 

tile that changes color.  

E Do you like it? 

P I like the fact that it goes to the center all of them at the same time.  

E But when the situation is all red for example... 

P No no no, I don’t like that. Other colors are fine, but the pink and the 

very bright blue ... no … this one is also fine. But the red, the pink and the 

purple not a big fan of it. It is too much. 

E Do you like the structure you see? 

P Yes, I like this one.  

E The next scenario [2]. What do you think? 

P I see like… I try to find shapes. I see a L shape. I remember the cube 

game. (the Tetris game) I tried to manage it like that, but then it fades 

away. It changes, I cannot do it.  

E Do you think it got your attention (yes!) more than the previous one? 

P Yes, I tried to group stuff. With the other one, it is more like a motion 

[scenario 1] that they all are dancing ‘how do you call it’. But this one is 

more structured. There is a ‘L’ there. I see more structure and shapes 

than the other one.  

E Do you like this one more than the other one, because this one is more 

structured? 

P No, I like the other one better. I think it is the colors that comes together. 

This one has way more colors than the previous one. The previous ones 

were mostly like red and then changes to orange and changes to 

yellow. One-by-one. This one has three shades of colors together.  

E Because of the multiple of colors… 

P Yes, I don’t like it. I don’t like the faded colors. For example, the 

blue/purple color, I don’t like those. Dirty shades of blue or purple or 

green or yellow. I don’t like it. I prefer less colors.  

E You see that it switches one in a while. Do you like it? 

P I don’t like it. It switches to different colors and very fast. It doesn’t give 

me the time to adapt to the previous one.  

E The next scenario [3] This one is different from the other two. What are 

your thoughts? 

P I like this one. It is okay… I think that the colors are grouped to getter in a 

way. Like the difference shades of purple are in one row. There is not 

sudden change…. Well there is.  

E Do you like this switching in this scenario? 

P Nooo…  

E Because this scenario has more colors than the previous ones, right? 

(yes, it does) You were saying you don’t like more colors in the scenario. 

And now in this one? 
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P This one is like green, darker green, they are close in one shade, like line 

wise. But they change very broadly, very fast so. Like this red is in one 

corner and blue and green shades in the other one. But then it changes 

all together to the next color. I can’t say that this is one kind of scenario. 

(Because of the switches) (6:07)  

E The next scenario [9] start the same as the previous one, but it only 

changing smoothly.  

P Yes, this is better, for now. I don’t where it is going flip to. I think, it slowly 

getting red, and spreading the red. You don’t notice the change. For 

example, when it is on the wall, I will probability won’t notice the 

changes. But when I am watching, I do.  

E Want to see a scenario that shows more changes.  

P I prefer the slower changes. It depends on the context. Depends on 

where you are applying this device.  

E When you compare this scenario [9] with this one [7]. Which one of 

those two do you like the most? 

P I like the previous one more [9]. This is just changing of one color. And 

the other one changes colors very smoothly. That you won’t notice the 

difference even though it is changing from time to time.  

E For example, the situation where it is completely blue and changes to 

green, yellow... 

P It is too much. Too much colors. Just a few colors, but the shade is so 

primary.  

E When I go to this scenario [5], this has just the switches and also the 

more smoothly changes.  

P The colors are more spread and basically the next color is in the corner 

before they get to the center. No, I still prefer the other one.  

E Are you wandering what is coming in this scenario? Or just watching in 

the moment? 

P A little bit of both, because I know after blue it is something like 

greenness. Like I watched for a while, I know what is coming next. So, a 

little bit of both.  

E If I’m correct: not too much color, structure, not too much switching. So, 

scenario number 7?  

P This one [7] is too much 

E Less color, less switching, scenario number 8. What do you think of this? 

P In all of them the colors are the same. But in this one, it depends on the 

colors put together basically. Some of them are the shades close to one 

and other, so it looks nice. But some of them, you have the pink, blue 

ones, that doesn’t like nice. It about the shading of the color and when 

they are put together with the rest of the structure of the tiles. Here, with 

the brownness, purplish. Where the blue ones standing out, it is really 

ugly. (11:19)  

E Put Scenario 9 on: this one is yours, right? 

P Yeah, I don’t know that it is changing, but when I look away and then 

look back, oohjah it changed. Still you see the dirty washed off colors in 
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the corner. But you don’t really see them because they are close to the 

color they are similar to. 

E Can you think of a situation where you can sit another 15 minutes in front 

of this device? 

P I will use this thing mostly in a decoration kind of thing. Not really as a 

whole, like sit there and look at it and relax kind of thing. No. Not even 

an entire wall, per se. 

E Is the size of this device good enough? 

P Yes, but maybe even ¼ of this.  

E Can you think that you … 

P Where would you use this? That is what I’m thinking. 

E For example, where you are now. Sitting in a sofa, living room type of 

areas. Putting it somewhere in the room. Can you think that you can 

watch it an extra 15 minutes? 

P No, I won’t spend 2 minutes of watching it. Maybe when I am zoned off 

and I won’t even notice that I’m looking at it. (13:18) 

E Do you think that this device got your attention? 

P Yes, it did. I never saw something like this. I’m now very curious why you 

are doing this research.  

E Can you name the differences between the scenarios? 

P It started off with very full colors, and then like basically died in to 

another color. Then it was just different tiles, different colors. Wrap in, fast 

changing the colors. It was basically the speed and formation of the 

colors and the structure of them. Group together and colors not 

grouped together.  

E So in general, what do you don’t like about this device? 

P The fact that not all of them are not full squares.  

E How do you mean that?  

P I mean in the corners, you don’t see the entire size of the squares.  

E Why don’t you like that?  

P I don’t know…. It is not equal… I still see the LED of the device. I see a 

line of colors. I thought on one point that is part of it. But it depends on 

how am I sitting. 

E What do you like about the device? 

P It is square. That is nice. That means technically that are square should 

be equal. It looks very bright. (you mean the brightness?) The brightness 

is just the colors, but it depends on how you put the tiles together.  

E [little explanation of the techniques of the device] 

P You have the simple LED and they mix up. OOOOH 

E So, you like more the scenario 9, that is your favorite where no switching 

is happening and have smoothly color changes and structure. Number 

9 should be the less structured than the other ones.  

P I didn’t the that a plus was changing [intermediate complexity]. I like the 

less structured??! Oh my god.  

E Do you have something to add to that? 

P Nope, but what are you doing? 
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E [Explain a little theoretical background] 

P Never seen this study… 

 

Participant Number: 5 

 Transcript 

E What are your first thoughts about the device? 

P When the first started, the first couple of scenarios, there were patterns, 

that was really nice. Kind of relaxing. A bit tripping also. I actually really 

liked it. Yes, this were my first thoughts.  

E I like to go through all the scenarios with you. To get your experience 

and your feelings. 

E So, we go to the first one. Scenario number 1. What are your first 

thoughts or feelings about this scenario? 

P I like that it is changing the full colors. I don’t know. If you want my 

thought in term of what?  

E First think about your feeling, how does it make you feel? 

P That I enjoy it. I am enjoying where I am looking at. It doesn’t bothers 

me. Like other scenarios could batter me, for example.  

E How do your body feel for example? 

P Relaxed 

E What do you like about this scenario? 

P That it is more... not separated blocks... but more consistent let we say. 

More structural.  

E And what do you don’t like about this scenario? (2:22) 

P Maybe a couple of colors (you have a preference for some colors?) 

yes, yellow for example. When I am looking at this pink, I like pink, but I 

get a kind of dizzy when I’m looking at it.  

E Do you recognize that it sometimes switches? What are your thoughts 

about that?  

P It is very smooth, the switching. It is like, sort of appears behind the 

other. It is not just something sudden.  

E The next scenario, number 2. What are your first feelings with this one? 

P Okay, this is more separate changes.  

E Is it more enjoying than the previous one? 

P No, I think I prefer the previous one. But I also like this one, I mean… It 

wasn’t one of which I didn’t like. What I feel, this is more like a game 

one. I feel I am playing a game. Because the boxes change 

separately. It is not so relaxing, it is more like active.  

E You also recognize that it also switches, what do you think about that? 

P I like that the patterns are changing.  

E Are you curious what is next? 

P Curious to see what is next?? Yes, I think so.  

E To the next scenario, number 3. You see more colors for example. What 

are your first feelings when you see this one? (6:00) 

P It is too confusing me. I don’t see a pattern within the colors. Which is 
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kind of annoying.  

E You like to see some structure? 

P Yes, this is just like some colors of boxes there and I don’t find it 

interesting.  

E And the switches again? It is a positive feature for this scenario or … 

P It doesn’t change so much. I see the changes of the pattern but it 

doesn’t add something good to the overall scenario.  

E We go to the next scenario, number 4. You see this one is very similar to 

the two scenarios ago.  

P This one I like. I like that the colors are coming out. The changes are 

very smooth. It doesn’t happen in one block, but it is a whole image. I 

really like it. 

E How makes it you feel this scenario? 

P Uuuhh… haha… I feel I can keep watching for hours and maybe to fall 

asleep.  

E It got your attention? 

P Yes, really, definitely.  

E This scenario is also changing some shapes one-in-a-while. But less 

frequently…  

P Ja, I think the changings in the shape is not so much. I saw little of it. It 

doesn’t, let say, you don’t except anything. It is not the feature that 

kind of add something. It is the whole thing of big pattern that makes it 

nice. (9:00) 

E The next scenario has also the pattern from two scenarios ago. This is 

number 5. It is the same as number two you saw. It is also changing less. 

P (Changing less) That is also a bit boring, that is my feeling.  

E In this one is happening more than in the previous one you saw. Do you 

like that?  

P Yes, if I am comparing it to the one [she means number 2].   

E But the just before this one. [number 4]  

P This one is not with the separate colors?? 

E No, this one is like this previous one where you said that is like a gaming.  

P I think it is interesting. I like it but not more than the other one, the 

previous one I mean.   

E It is more chaotic? 

P Yes, it is. But is also more, that you don’t know what color or pattern is 

going to come. The other one was smoother, the change and the 

change here is more unexpected.  

E Do you like the unexpected feature? (11:00) 

P Yes, in this one, yes.  

E I will go to the next scenario, number 6. Here are the colors every way 

but changing less.  

P This one is almost not changing. I am looking for long time and nothing 

was happening. I think this one is boring. Okay, now it changes.  It like 

on one place the color goes to another. But it is just switching. It is the 

same pattern all the time, some different color, no structure, no shape, 
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so it feels boring. And very low changes. I don’t like watching it.  

E So, we go to a nicer one, haha. Scenario number 7. So again, it starts 

from the middle. Now there is no changes between the features. It will 

just go and go on smoothly. It is a positive thing that it is not having that 

feature that it changes?   

P I think of having this feature, the one we had before, that is better. It 

makes it even more catchy. This one is more like something to have in 

the background like you can look at it but… it is nice to watch… but it 

doesn’t get so much your attention. Because it is more stable. Is like 

when you turn and look again, it is still sort of the same.  

E So, there doesn’t happen so much than the previous one.   

P But I still like it. That is my style.  

E The next scenario, number 8. (13:46) 

P You can see that there is a pattern. But it hard to fine the pattern.  

E Do you want to find the pattern? 

P Yes 

E Were you searching while you were watching? 

P Yes, haha. Because sometimes you say, oh it goes like uhm like a neat, 

no not a neat, goes like, whatever… shape. But then changes again. 

So you are like, okay now what is the pattern? Ja, I like that. But it is also 

more not so smooth… maybe. And ja not stable.  

E The next scenario, number 9. The last one, all the colors again. But now 

it keeps slowly changing.  

P This one is very slow! This one is almost nothing happening or you don’t 

notice. There are some changes, you can see, but not so much.  

E For example, when it is a little bit faster, you can see the changes. 

(pointed at the lighting device) 

P But I didn’t follow it (she means the movement of the light). The 

changes you said, not you say maybe… okay now it went down… okay 

now I see.  

E Will put on, I think your favorite. Number 4. I will go one to the next 

questions. So in general, what do you don’t like about the lighting 

device? (17:13) 

P Sometimes it is a bit too much for the eye. So, if you look at it for long 

time… the color is too bright. So, it can kind of batter you. Also, when 

you focus for a really long time then you get blurry eyes. This is also 

because the colors are really like, for example when it is red or when 

they are really really bright then… It is really intense. That is the right 

word.  

E What do you like about the device? (18:07) 

P Uhm… I think it gives a nice atmosphere to the room, let say. Because it 

adds colors but like a decoration. When the decoration changes. So, it 

much more interesting than an object, you know, in the room. I don’t 

know in for sense… 

E For example, where you are sitting know. Kind of living room, not just in 

front of you but somewhere in the room.  
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P Yes, that was how I was thinking about it. In the living room, ja. Even 

maybe in the bedroom. Just before sleeping, but not so intense colors. 

Low changing light. I think it will really help to sleep, actually.  

E You saw several scenarios, what do you think what the main 

differences are? 

P One difference is that in some scenarios you have same one, many 

different colors in different boxes. While other scenarios have more 

consistent or they make up one or two colors per screen, let say, before 

the change. Then other scenarios are, they have no patterns. They are 

more confusing. With other scenarios, the structure. In some scenarios, 

there are changes and some others almost no changes. Some of them 

are smooth and some of them are less smooth.  

E Which of those features got your attention the most? 

P I think having a structure, got my attention. Changes, also. But like more 

smooth. And like big patterns. 

E So this device, can you think of situations where you can see this device 

somewhere in your environment? (21:27) 

P In the bed room, maybe in the bath.  

E How do you see that in a bar, for example? 

P Like must bigger. Not to be the main lights. Maybe in some corners. Not 

occupying the whole space.  

E Can you sit for example an extra 15 minutes in front of this lighting 

device?  

P I think I can do that. Just at same point you feel like you are in there. 

You get a kind of lost in the light.  

E Wrap up: you like structured features, not too much changes, but 

smoothly. Do you have anything to add? 

P No  

E Or hanging questions or comments left? 

P Yes, what is your purpose of the experiment? 

E [Some theoretical background] 

P One of the first things I thought, that it was really relaxing.  
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