
ASSESSING THE INFLUENCE OF CULTURAL BACKGROUNDS ON LIGHTING 

PREFERENCES AND THEIR IMPACT ON VISUAL PERFORMANCE 

by 

Omar Alkharraz 

B.S., University of Colorado Boulder, 2022 

 

 

 

 

A thesis submitted to the 

 Faculty of the Graduate School of the  

University of Colorado in partial fulfillment 

of the requirement for the degree of 

Master of Engineering & Applied Science 

Department of Civil, Environmental and Architectural Engineering (CEAE) 

2025 

 
 Committee Members: 

Jennifer Scheib 

Robert G. Davis 

Sandra Vásconez 

 

 

 

 

 

 

 



ii 

 

ABSTRACT 

Alkharraz, Omar (MSng, Civil, Environmental and Architectural Engineering 

(CEAE)) 

Assessing the Influence of Cultural Backgrounds on Lighting Preferences and Their 

Impact on Visual Performance 

Thesis directed by Associate Professor Jennifer Scheib 

  

 

The aim of this study was to determine whether different cultural 

backgrounds influence visual performance and lighting preferences under various 

lighting scenes that vary in illuminance and correlated color temperature. Previous 

research identified cross-cultural differences in mood and preferences; however, no 

clear link has been established between these factors and visual performance. This 

study aims to address this gap by conducting an experiment in an office-like setting, 

where participants completed a cognitive task under six lighting conditions. A total 

of 27 participants from three world regions were involved. Results showed 

differences in performance between cultures, with sleep and culture emerging as 

the most significant factors. Lighting conditions had no effect on performance, 

suggesting that other cultural or environmental factors may play a stronger role. 

While preferences for lighting varied across cultures, no correlation was found 

between lighting preferences and visual performance. Future research should 

investigate additional factors that influence visual performance to ensure the needs 

of the diverse group of people working in offices and schools. 

 



iii 

 
ACKNOWLEDGMENT 

 

I want to express my sincere gratitude to Professor Jennifer Scheib for her 

unwavering mentorship and guidance throughout the development of this thesis. 

Her insightful support was instrumental at every stage of the project. I am also 

deeply thankful to Professor Wendy Martin for her valuable assistance with the 

data analysis, which greatly enriched the study. A heartfelt thank you goes to my 

friend SM Ashik Rahman, as this research would not have come to life without his 

generous help. I am also grateful to all the participants who took part in this study 

and shared their perspectives. Finally, I would like to extend my deepest 

appreciation to my family and friends for their unwavering support and inspiration 

throughout this journey. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 

 
CONTENTS 

CHAPTER I .................................................................................................................... 1 

INTRODUCTION ..................................................................................................... 1 

LIGHTING VARIABLES AND THEIR IMPACT ON PERFORMANCE AND 

MOOD ....................................................................................................................... 2 

LIGHT IN AN OFFICE SPACE AND RECOMMENDED PRACTICES ............... 3 

LIGHT AND CULTURE .......................................................................................... 4 

CURRENT STUDY .................................................................................................. 8 

CHAPTER II ................................................................................................................ 11 

METHODOLOGY ................................................................................................... 11 

SELECTED CULTURES ....................................................................................... 13 

EXPERIMENT SETUP .......................................................................................... 16 

LIGHTING SYSTEM CONSTRUCTION .............................................................. 28 

PARTICIPANTS ..................................................................................................... 32 

ETHICAL CONSIDERATIONS ............................................................................. 34 

DATA COLLECTION PROCEDURE .................................................................... 35 

Pre-Experiment Phase ...................................................................................... 36 

Experimental Procedure ................................................................................... 38 

Independent & Dependent Variables ............................................................... 40 

Instruments & Tools ......................................................................................... 43 



v 

 
DATA ANALYSIS .................................................................................................. 49 

CHAPTER III ............................................................................................................... 53 

RESULTS ............................................................................................................... 53 

Visual Performance ........................................................................................... 53 

Light Preference ................................................................................................ 58 

Visual Performance & Light Preference Correlation ...................................... 64 

DISCUSSION ......................................................................................................... 64 

LIMITATIONS ....................................................................................................... 70 

FUTURE WORK .................................................................................................... 72 

IMPLICATIONS ..................................................................................................... 74 

REFERENCES ............................................................................................................ 77 

APPENDIX................................................................................................................... 81 

 

 

 

 

 

 

 

 



vi 

 

 
TABLES 

Table 1. LEGO Structures Created for Experiment Cognitive Task. ........................ 19 

Table 2. Test Room, Nine Lighting Scenes. ................................................................ 24 

Table 3. RGBW Channel Values for each Light Scene. ............................................. 30 

Table 4. Participant's Distribution Based on Country of Origin. .............................. 33 

Table 5. Experiment Procedure Summary. ................................................................ 39 

Table 6. Illuminance Measurements Across Light Scenes in Test Room. ................. 45 

Table 7. Luminance Measurements Across Light Scenes in Test Room. .................. 46 

Table 8. Summary of Instruments & Tools Capturing Lighting Data. ..................... 49 

Table 9. Built Time Decision-Tree Summary of Exhaust CHAID Splits. ................. 54 

Table 10. Built Time Main Effects ANOVA Results Summary. Significant Variables 

Highlighted in Green. .................................................................................................. 55 

Table 11. Cultural Groups Post Hoc Test Results (Tukey HSD) for Built Time 

Comparisons................................................................................................................. 56 

Table 12. Light Preference Decision-Tree Summary of Exhaust CHAID Splits. ..... 58 

Table 13. Main Effects ANOVA Results for Lighting Preference Ratings by Group, 

Illuminance, and Color Temperature. Significant Variables Highlighted in Green. 60 

Table 14. Spearman’s Correlation Results Between Lighting Preference and Build 

Time. ............................................................................................................................. 64 

 

 

 

 



vii 

 
FIGURES 

Figure 1. Conceptual Model for the Study. ................................................................. 13 

Figure 2. Waiting Room Experiment Setup. .............................................................. 17 

Figure 3. Top View of Test Room Experimental Setup. ............................................. 18 

Figure 4. Test Room Rubik's LED Recessed - Tunable White Luminaire. ............... 22 

Figure 5. Adaptation Space Experimental Setup. ...................................................... 28 

Figure 6. Elevation Diagram of Experiment Lighting Control System. ................... 29 

Figure 7. Spectral Power Distribution (SPD) Measurements of each Light Scene. . 32 

Figure 8. Location of Illuminance Measurements in the Test Room. ....................... 46 

Figure 9. Differences in Built Time between Cultural Groups. ................................ 56 

Figure 10. Estimated Marginal Means of Lighting Preference in Saudi Arabia, 

Colorado, U.S., and India. ........................................................................................... 62 

Figure 11. Estimated Marginal Means of Lighting Preference Across Cultural 

Groups, Illuminance Levels, and CCT. ....................................................................... 63 

Figure 12. Spectral Power Distribution (SPD) with Common LED Colors within the 

Visible Spectrum. Retrieved from Luxeon Rebel Color Line. Lumileds. (2024). ...... 83 

 

 

 

 

 



1 

 

CHAPTER I 

INTRODUCTION 

Lighting plays a fundamental role in shaping human perception and 

experience of indoor environments. In workplaces, particularly office spaces, 

lighting conditions influence not only visual comfort but also visual and cognitive 

performance, mood, and overall well-being (Park & Farr, 2007; Küller et al., 2006). 

While the Illuminating Engineering Society (IES) lighting handbook provides 

general recommendations on illuminance and correlated color temperature (CCT), 

they largely overlook cultural factors that shape individual preferences and visual 

performance. This research investigates the influence of cultural backgrounds on 

lighting preferences and visual performance in office environments, aiming to 

inform more inclusive lighting design practices. 

As globalization continues to drive workplace diversity, it becomes 

increasingly important to design environments that accommodate varying 

perceptual and physiological needs. Existing studies suggest that lighting impacts 

mood, perception, and preference differently across cultures due to long-term 

adaptation to local daylight conditions, climate, and historical lighting traditions 

(Bornstein, 1973). For instance, individuals from northern latitudes may have 

different preferences and sensitivities to brightness and CCT compared to those 

from equatorial regions (Knez & Kers, 2000). However, while these preferences are 

documented, there are no published studies investigating the correlation between 
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different lighting conditions and their direct impact on visual performance, nor is it 

clear whether that correlates to their lighting preferences. 

LIGHTING VARIABLES AND THEIR IMPACT ON PERFORMANCE AND MOOD 

The relationship between lighting and workplace productivity has been 

extensively studied, with evidence suggesting that lighting conditions affect 

cognitive flexibility, decision-making, and emotional well-being (Aryani et al., 2020; 

Baron et al., 1992). Higher illuminance (700 lx–1,500 lx) can enhance visual 

performance. However, prolonged exposure to it may lead to visual fatigue, whereas 

illuminance levels below 300 lx are associated with drowsiness and decreased 

alertness. Studies suggest that 500 lx is appropriate for general office tasks, while 

more intricate tasks, such as technical drawing, precision-based work, or medical 

documentation, require up to 750 lx for improved accuracy and concentration 

(Aryani et al., 2020). 

Light intensity affects cognitive performance, particularly in tasks that 

require continuous concentration. Baron et al. (1992) found that under lower 

illuminance conditions (150 lx), participants performed better on cognitive 

flexibility tasks, such as word association exercises and creative problem-solving 

tasks, compared to those exposed to higher illuminance levels (1,500 lx). This 

suggests that overly bright environments may reduce cognitive flexibility, thereby 

limiting an individual's ability to think abstractly and explore alternative solutions. 

The intensity of lighting also influences interpersonal behaviors and 

collaboration. Studies have shown that high-intensity lighting may increase stress 
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levels, leading to more competitive or avoidant conflict resolution styles. In contrast, 

lower, warmer lighting encourages collaborative problem-solving and positive 

workplace interactions (Baron et al., 1992). 

CCT plays a significant role in workplace psychology. Warm light (2,700 K–

3,000 K) can promote relaxation, while cooler light (4,000 K–6,500 K) can enhance 

alertness and cognitive efficiency (Aryani et al., 2020). However, excessive exposure 

to high-CCT lighting (6,000 K and above) can lead to eye strain, irritability, and 

reduced mood despite its benefits in reducing sleepiness (Baron et al., 1992). 

Additionally, the human circadian rhythm is highly sensitive to blue-enriched light, 

meaning that prolonged exposure to high-CCT electric lighting in the afternoon and 

evening can suppress melatonin production, delay sleep onset, and reduce overall 

well-being (Veitch et al., 2008). 

Lighting variables also affect social engagement and workplace culture. In 

high-stress environments, such as legal offices or financial trading floors, overly 

bright and cool lighting can increase tension. In contrast, dynamic and adjustable 

lighting in creative industries may foster innovation and teamwork. 

LIGHT IN AN OFFICE SPACE AND RECOMMENDED PRACTICES 

For many individuals, the office is where they spend most of their waking 

hours as adults. It is expected that this time will be both productive and 

meaningful, with a workspace that supports their well-being. Office lighting design 

must balance goals of visual comfort, energy efficiency, and psychological well-

being. Research suggests that an optimal office lighting environment requires a 
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balance of illuminance, CCT, light distribution, and user control (Veitch et al., 2008; 

Hansen et al., 2022), as lighting acts as a stimulus for cognitive tasks that require 

prolonged focus (Goodman et al., 2006).  

According to the Illuminating Engineering Society (IES) recommended 

practice for lighting office spaces, some human-centric fundamentals need to be 

taken into consideration when lighting an office space, including visibility by 

ensuring sufficient illumination for tasks, comfort by minimizing excessive glare 

and flicker, mood and well-being through appropriate color temperature, and 

aesthetic judgment by integrating lighting with the overall office architecture 

(ANSI/IES RP-1-20, 2022). The IES Handbook establishes guidelines for 

appropriate light levels and color temperature (CCT) to create an environment that 

best supports human needs. While these guidelines are intended for general use in 

an office environment, they could be made more specific to the types of users in 

various working space types.   

Additionally, studies suggest that providing employees with control over their 

lighting settings significantly improves workplace comfort and productivity. 

Workstation-specific lighting with dimming controls enables employees to adjust 

the lighting to their preferred levels, leading to increased satisfaction and efficiency 

(Veitch et al., 2008). 

LIGHT AND CULTURE 

 Lighting preferences are not universal; they are shaped by cultural 

background, environmental adaptation, and traditional lighting practices (Madan, 
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2023; Park et al., 2010). Geographic differences in daylight availability, climate, and 

architectural history further contribute to regional variations in lighting choices. As 

Goodman et al. (2006) note, “Preferred lighting conditions depend on individual 

perception, which is influenced by prior experience, culture, and environment." 

Several studies, discussed below, have investigated how cultural lighting 

preferences evolve and their impact on comfort, perception, and workplace 

efficiency. 

One of the cross-cultural studies on illuminance preferences was conducted 

by Eissa (2015), who compared lighting conditions in Omani and Portuguese-built 

spaces in Oman. The research aimed to understand how different cultural 

influences have shaped daylighting strategies in historic architecture and whether 

these differences continue to influence modern lighting preferences. The study 

found that modern Omani structures featured higher illuminance levels, ranging 

from 360 lx to 500 lx. This was attributed to habitual adaptation to extreme 

sunlight exposure, where Omani inhabitants were accustomed to brighter indoor 

spaces to compensate for harsh outdoor conditions. In contrast, Portuguese modern 

spaces in the same region exhibited significantly lower illuminance levels, 

averaging between 112 lx and 148 lx, aligning more closely with European lighting 

standards. These findings suggest that prolonged exposure to high daylight 

intensities affects people's preference for higher indoor modern electric lighting 

levels. In contrast, individuals from regions with traditional-built spaces with softer 
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daylight exposure tend to prefer dimmer, more diffused electric lighting conditions 

(Eissa, 2015). 

The effect of CCT on cultural lighting preferences has also been extensively 

researched. Park et al. (2010) conducted a comparative study on the lighting 

preferences of North American and South Korean hotel guests to determine how 

light intensity and color temperature affected comfort, pleasure, and arousal. The 

study found that North Americans strongly preferred warm, dim lighting in hotel 

spaces, associating it with relaxation and a sense of coziness. In contrast, South 

Korean participants preferred bright, warm lighting, describing it as stimulating 

and energizing. Additionally, the study observed that North Americans disliked 

bright lighting, associating it with discomfort and sterility. In contrast, Koreans felt 

discomfort in dim lighting and preferred higher light intensities to maintain 

engagement and alertness (Park et al., 2010). The results emphasize that cultural 

lighting preferences are not merely aesthetic choices but are deeply ingrained in 

societal norms and influenced by exposure to various lighting environments. 

Further supporting this idea, Madan (2023) explored seasonal and cultural 

lighting preferences in Swedish and Indian contexts, analyzing how lighting 

traditions during Christmas and Diwali shaped people's perceptions of brightness 

and warmth. The study revealed that Swedes associate indirect, warm lighting with 

coziness and social bonding, particularly during the long winter months when 

daylight is scarce. In contrast, Indians prefer bright, colorful lighting arrangements 

during festive seasons, emphasizing vibrancy, celebration, and spiritual 
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significance. The study also found that despite globalization and increased access to 

modern lighting technologies, traditional lighting preferences persisted in both 

cultures, suggesting that lighting choices are not solely dictated by functionality but 

also by deeply rooted emotional and symbolic meanings (Madan, 2023). 

Another significant study investigating the impact of lighting on mood across 

various cultural settings was conducted by Küller et al. (2006). This research 

explored the effects of indoor lighting and color schemes on psychological mood in 

workplace environments across four countries: Argentina in Tucumán (27° N), 

Saudi Arabia in the Greater Dammam area (26° N), Sweden in the southern region 

(56° N), and the United Kingdom in the south (52° N). The researchers discovered 

that individuals living farther north of the equator (e.g., Sweden and the UK) 

experienced notable seasonal variations in mood, reporting lower mood levels 

during winter and improved emotional states in summer. In contrast, this seasonal 

fluctuation was not observed in Argentina and Saudi Arabia, where daylight 

duration remains more consistent throughout the year. The study also revealed that 

the perceived brightness of an indoor space significantly influenced mood more than 

actual measured illuminance levels. Employees reported their lowest mood levels 

when the lighting was perceived as too dark, with mood improvement when the 

lighting was "just right" but declining again when it was perceived as too bright 

(Küller et al., 2006). Interestingly, these findings suggest that subjective lighting 

perception has a greater impact on emotional states than actual light 
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measurements, highlighting the importance of psychological comfort in lighting 

design. 

Another critical factor in cultural lighting differences is the relationship 

between lighting preferences and cognitive function. Baron et al. (1992) conducted a 

study examining the impact of lighting conditions on cognitive flexibility, 

interpersonal behavior, and problem-solving. The research found that participants, 

primarily U.S. college students, exposed to warm-white, low-illuminance 

environments (150 lx at ~3000 K) exhibited greater cognitive flexibility and higher 

levels of cooperation in workplace interactions. Conversely, participants in cool-

white, high-illuminance environments (1500 lx at ~5000 K) demonstrated more 

rigid thinking patterns and a greater tendency to avoid conflict resolution. These 

findings suggest that lighting not only affects comfort but also impacts social 

behavior and cognitive adaptability, which has significant implications for global 

office design and workplace productivity. 

CURRENT STUDY 

Past research acknowledged differences in preference regarding lighting 

intensity and apparent color based on cultural backgrounds in various applications; 

however, there is no precedent information about the relationship of lighting scene 

preference and visual performance in a workplace environment. One study 

examined the impact of lighting on mood across different cultures in an office 

environment, but it did not investigate the relationship with visual performance 

(Küller et al., 2006). The study also primarily focused on latitude-based 
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comparisons rather than directly investigating cultural background as a predictor of 

lighting preference and performance. 

Our study aims to expand upon previous research by examining both same-

latitude and cross-latitude cultural comparisons, allowing for a deeper exploration 

of the influence of cultural background on workplace lighting preferences and 

performance. 

This study addresses the gaps in past studies by asking the research 

questions: 

1. Does cultural background predict the difference in performance in visual 

environments that vary in light intensity and apparent color?  

2. Does cultural background predict the difference in preference in visual 

environments that vary in light intensity and apparent color? 

3. Is there a correlation between light preference and visual performance in 

visual environments that vary in light intensity and apparent color? 

To address these research questions, we employed a repeated-measures 

experimental design to investigate the impact of cultural background on lighting 

preferences and visual performance in an office-like setting. The repeated measures 

approach allows each participant to experience multiple lighting conditions, 

ensuring a within-subject comparison of preferences and performance across 

different illuminances and CCT. By having each person serve as their own control, 

this design reduces differences between individuals, making it easier to detect 
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whether changes in lighting and cultural background truly impact performance and 

preferences.  

The study consisted of nine lighting scenes, systematically varying in 

illuminance and CCT. Participants completed a visual performance task (LEGO 

model building) under six of the nine lighting conditions, and their task completion 

times were recorded. Additionally, subjective lighting preferences were assessed 

using a 7-point Likert scale questionnaire. 

To ensure validity and reliability, the experiment was conducted in a 

controlled office-like lighting laboratory at the University of Colorado Boulder with 

a 30-second adaptation period with typical lighting conditions used between each 

lighting scene to prevent sudden exposure effects, minimize carryover effects, and 

environmental factors such as room layout, task difficulty, and participant seating 

position remain constant throughout the experiment. 

This research design ensures that the study captures quantitative data, 

including performance-based and numerical survey-based data, providing a 

comprehensive understanding of how cultural background influences lighting 

perception and workplace performance. 
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CHAPTER II 

METHODOLOGY 

 In this study, culture is defined by regional differences, including 

environmental factors such as latitude and daylight conditions, cultural 

backgrounds, traditions, and lighting practices shaped by regional and cultural 

influences. These factors shape how individuals interact with light, influencing both 

their visual preferences and performance. 

This study focused on participants from three regions: the United States 

(Colorado), Saudi Arabia, and India. These regions were selected based on the 

cultural factors mentioned in SELECTED CULTURES. While cultural factors 

influence lighting interactions, this study specifically focused on two primary 

lighting parameters: correlated color temperature (CCT), which ranges from warm 

to cool white light, and illuminance levels, which range from low to high light 

intensities. Further details on lighting terminologies can be found in Appendix 1. 

Visual performance in the experiment was measured using a performance 

task that involved building a LEGO structure. The LEGO building task in the 

experiment involves visual and cognitive performance, as it requires participants to 

visually identify and manipulate pieces while also engaging memory, attention, and 

spatial reasoning to complete the model accurately. Participants were required to 

construct a LEGO structure using 20 bricks while following simple instructions. 

This method enabled us to evaluate how participants from diverse cultural 



12 

 
backgrounds performed under various lighting conditions and assess the impact of 

these conditions on their performance. 

Additionally, the study explored differences in light preferences through a 

survey administered after participants completed the cognitive task, gathering 

feedback on their perceived lighting conditions. Other variables that could 

potentially influence visual performance were considered in case there was no direct 

effect of light conditions or cultural differences on visual performance. These 

variables included sleep patterns, daylight exposure, gender, mood, and visual 

impairments, all of which were self-reported. A conceptual model summarizing the 

factors considered in the study, including both independent and dependent 

variables, is presented in Figure 1. The primary objective was to determine whether 

there were any differences in visual performance among participants and to 

investigate whether there were any differences in light preferences among 

participants, as well as to examine whether a direct correlation exists between 

visual performance and light preferences.  
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Figure 1. Conceptual Model for the Study. 

SELECTED CULTURES 

 This study examines three different regions — the United States (specifically, 

Colorado), Saudi Arabia, and India — to explore variations in light preferences and 

visual performance. These regions were selected based on their environmental 

conditions, cultural influences, and lighting practices, which shape how individuals 

perceive and interact with light. Additionally, we selected two regions with similar 

latitudes and one that differs. 

Colorado, USA, located in the western United States, has a diverse 

topography, ranging from the Rocky Mountains to the Great Plains. Positioned 

between latitudes 37° N and 41° N and longitudes 102° W and 109° W, the state 

experiences significant seasonal variations in daylight duration, with extended 

daylight hours in summer and shorter daylight hours in winter. These fluctuations 
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may contribute to variations in light level preferences and correlated color 

temperature (CCT). Lighting practices in the United States have evolved toward 

energy-efficient solutions, with LED fixtures now dominating the market. In 

Colorado, lighting design adheres to the IES recommendations, typically 

maintaining CCT values between 3,000 K and 4,500 K in office spaces and 

illuminance levels between 300 lx and 500 lx. However, variations in CCT and 

illuminance can be influenced by climate conditions and national energy efficiency 

initiatives. Furthermore, sustainability standards such as LEED and WELL have 

been widely adopted, promoting lighting strategies that prioritize occupant 

productivity, comfort, and well-being. These standards encourage high-quality 

lighting while advocating for reduced illuminance levels to lower energy 

consumption (LEED BD+C, n.d.; WELL v2, 2024). 

Saudi Arabia, located in the Middle East, spans most of the Arabian 

Peninsula, extending between latitudes 16° N and 32° N and longitudes 34° E and 

56° E. Its hot desert climate results in high solar exposure year-round, leading 

people to spend most of their time indoors. The country’s consistent climate and 

daylight conditions may contribute to relatively stable preferences in light levels 

and CCT.  

Environmental factors influence the preferences for artificial lighting in 

indoor spaces. While daylight is utilized where possible, modern lighting solutions, 

including fluorescent and LED fixtures, have been widely adopted to improve 

energy efficiency. A study by Najjar et al. (2023) found that workers in Saudi Arabia 
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preferred natural daylighting and cool white artificial lighting (4,500 K–6,500 K) 

with high intensity (750 lx–1,000 lx) in work environments. Conversely, warm 

white light (2,700 K–3,500 K) was favored in private spaces, which may be linked to 

cultural and religious influences. For example, religious spaces such as mosques 

and prayer areas predominantly use warm white lighting (2,700–3,500 K) with low 

illuminance levels (100 lx–300 lx) to create a serene atmosphere. 

India, located in South Asia, spans latitudes from 8° N to 37° N and 

longitudes from 68° E to 97° E. The country features a diverse climate, ranging from 

tropical to subtropical, with high solar exposure and variations in seasonal daylight. 

On average, workers spend about 60% of their workdays in office environments 

(Pathak et al., 2015), where both natural and artificial lighting- including 

fluorescent and LED- significantly influence workplace lighting preferences. A 

study conducted in 15 randomly selected office spaces in Nagpur, a city 

characterized by a hot and dry climate, found that seven out of ten offices reported 

satisfaction with low illuminance levels and cool white light (<200 lx), suggesting 

employees had adapted to dim lighting conditions (Pathak et al., 2015). Although 

employees adapted to the dim light, daylighting was also incorporated, resulting in 

a brighter work environment. In most building programs in India, the use of 

moderate to high illuminance around 500 lx to 750 lx with cool color temperatures 

is the predominant approach to lighting design, with 6500 K being specified in office 

environments. During celebrations like Diwali, colorful and bright lights are 
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employed, highlighting vibrancy, celebration, and spiritual significance (Madan, 

2023).  

In summary, the three regions show distinct preferences in illuminance and 

correlated color temperature (CCT). U.S. offices (Colorado) typically use 300 lx to 

500 lx at 3,000 K to 4500 K, aligning with IES standards. Anecdotally, Saudi 

Arabian workspaces typically favor high illuminance ranging from 750 lx to 1,000 lx 

with cool white light, ranging from 4,500 K to 6,500 K. while India typically use 

moderate to high illuminance output (500 lx–750 lx) with cool color temperature 

(6500 K). 

EXPERIMENT SETUP 

 The experiment was conducted in the lighting laboratory located at the 

University of Colorado Boulder’s Engineering Center. The experimental setting 

consisted of three main spaces: the waiting room, the test room, and the adaptation 

space. The waiting room is the first space of the experimental setup, and it was set 

up to include a chair and a table where participants sat before the experiment 

began. A laptop, LEGO bricks, and a consent form were provided on the table. A 

white lab coat was also provided for participants to wear before entering the test 

room. The lighting conditions in the waiting room included direct/indirect linear 

pendant light fixtures with a CCT of 4000 K. The horizontal illuminance level on 

the task surface was set to 350 lx, while vertical illuminance at the eye level was 

240 lx these conditions aimed to mimic general U.S. lighting conditions in 

workplace environments. The luminance at the center of the computer screen with 
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white pixels, which was measured for documentation, was an approximate average 

of 460 cd/m². The waiting room lighting environment was controlled by setting the 

light conditions through the room dimmer and closing all doors to prevent daylight 

ingress (Figure 2). 

 
Figure 2. Waiting Room Experiment Setup. 

The second space in the experimental setup was the test room where the 

experiment took place. The room was designed to resemble an office-like 

environment, measuring 3.0 m × 2.1 m × 2.7 m (10 ft × 7 ft × 9 ft). It featured white 

gypsum board walls, a dark grey carpet, and a white ceiling with recessed 

downlights. The reflectance of each surface was determined by first measuring the 

luminance of a standard surface with 100% reflectance, then comparing it to the 

luminance of the target surface to calculate reflectance using luminance ratios, the 



18 

 
equation used can be seen in Appendix 2. The measured reflectance values were 

50% for the walls, 10% for the floor, and 65% for the ceiling. A brown wooden desk 

with a reflectance of 20% was placed at the center of the room, accompanied by a 

black chair. The desk served as the task surface, positioned 0.68 m (27 in.) above 

the floor where the experiment task was conducted. The experiment instructions 

(Appendix 3), pen, bell, and wooden stand for holding the LEGO instructions were 

provided on the desk (Figure 3). Six labeled boxes (Scene #1 to Scene #6) were 

stacked on the right side of the table. Each box contained LEGO bricks, instructions 

for building the structure, and the experiment questionnaire. The LEGO 

instructions can be found in (Appendix 4). The test room had a controlled and 

standardized lighting environment, ensuring that there was no daylight ingress and 

that the environment was the same for all participants. 

 
Figure 3. Top View of Test Room Experimental Setup. 
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To ensure the performance task was equal across participants, all nine LEGO 

structures consisted of 20 grey bricks to be constructed. The instruction cards used 

simple yet comprehensive wording to minimize any confusion during the 

experiment. The instruction pages varied in length from five to seven pages, 

depending on the structure. Each LEGO structure was labeled with a different 

letter (Table 1). The nine LEGO structures are randomized so that each participant 

constructed six of the nine structures in the experiment. 

Table 1. LEGO Structures Created for Experiment Cognitive Task. 

LEGO Alphabet Format LEGO Structure Shape 

LEGO A 

 

LEGO B 

 

LEGO C 
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LEGO D 

 

LEGO E 

 

LEGO F 

 

LEGO G 

 

LEGO H 
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LEGO I 

 

 

The lighting fixture used in the test room was an Acuity Brands Rubik 

Architectural Recessed, which is an LED-based lighting system designed for 

dynamic, tunable white illumination. The fixture used in the experiment room was 

a 9-cell (9CS), with each unit measuring 0.61 m x 0.61 m (2 ft x 2 ft). A total 

arrangement of 12 covered 3.34 m² (36 ft²) of the ceiling, illuminating the entire test 

room (Figure 4). The housing is constructed from 20-gauge cold-rolled galvanized 

steel with a high-reflectance matte white finish. The fixture features acrylic 

shielding with 90% transmissivity, which reduces glare and ensures uniform light 

distribution while maintaining the fixture's efficacy. It provides tunable white 

settings with a CRI of 90+ while maintaining the nominal lumen output for each 

cell. The DMX-compatible drivers are eldoLED with dimming to less than 1%. 

Further fixture details are provided in Appendix 5. 
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Figure 4. Test Room Rubik's LED Recessed - Tunable White Luminaire. 

  The test room included nine different lighting conditions (Table 2). The 

illuminance consisted of three varying levels: 150 lx, 450 lx, and 750 lx. To ensure 

consistency, all illuminance levels included the same three correlated color 

temperatures: 2,700 K, 4,000 K, and 6,500 K. The baseline lighting condition was 

450 lx with a CCT of 4,000 K, serving as the middle ground with average light 

conditions in workplace environments. This scene represents the commonly used 

neutral-white lighting found in modern office settings. To explore how deviations 

from this standard influenced visual preference and performance, the lower 

threshold was defined as 150 lx with a CCT of 2,700 K; this setting represents a 

dim, warm-white environment, reflecting lower lighting levels. The upper threshold 

was defined as 750 lx with a CCT of 6,500 K; this setting represents a bright, cool-

white environment. The baseline lighting condition with the two ends of the 

thresholds (450 lx with a CCT of 4,000 K, 150 lx with a CCT of 2,700 K, and 750 lx 

with a CCT of 6,500 K) were applied to be present through the experiment for all 
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participants while the rest of the lighting scenes were randomized between the 

participants through a randomization function in Excel.  

Each participant experienced six of the nine possible lighting scenes. The 

lighting scenes were counterbalanced to control for potential biases that arise from 

the order in which participants encounter experimental conditions. This approach 

ensured that participants experienced a broad range of lighting conditions in 

varying order. A partial counterbalancing was achieved by first dividing the main 

participant groups (Colorado, U.S., Saudi Arabia, and India) into subgroups. Each 

main group was further split into five subgroups, labeled according to the country 

and a sequence number. Each subgroup consisted of six participants who were 

exposed to six lighting scenes, which included three predetermined lighting 

conditions and three randomized lighting conditions. Both lighting conditions and 

LEGO sets were partially counterbalanced. Due to the low participants rate 

discussed in PARTICIPANTS, we have only included participants one and two in 

the five subgroups. 

The randomization of light scenes and LEGO sets was conducted using an 

Excel-based randomization function (Appendix 6). This counterbalancing strategy, 

similar in principle to a partial Latin Square Design, allowed for structured 

variation in lighting conditions while minimizing the influence of specific LEGO 

structures on performance. Additionally, randomizing the LEGO sets helped reduce 

potential learning effects, where participants might improve simply by getting 
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better at the task over time rather than due to the lighting condition itself. The 

detailed table outlining the randomization is provided in Appendix 7. 

Table 2. Test Room, Nine Lighting Scenes. 

Scene 

Number 

Illuminance 

(lx) 

CCT (K) Test Room Appearance 

1 150 2700 

 

2 450 2700 
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3 750 2700 

 

4 150 4000 

 

5 450 4000 
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6 750 4000 

 

7 150 6500 

 

8 450 6500 
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9 750 6500 

 

 

The final space of the experimental setup included the adaptation space. The 

space was located outside the experiment room, where a chair is situated, allowing 

participants to sit between each light scene. The lighting conditions included the 

use of 4000 K indirect linear pendants. The horizontal illuminance level on the task 

surface was equal to 350 lx, while the vertical illuminance at the eye level was 240 

lx. During the experiment, the adaptation lights were turned off to avoid affecting 

the lighting conditions inside the test room and were turned on between the 

transitions of each light scene. The adaptation space was controlled by not allowing 

any daylight ingress. This space allowed us to mitigate bias by reducing 

participants' notice of direct changes in illuminance and CCT between experimental 

scenes (Figure 5).  
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Figure 5. Adaptation Space Experimental Setup. 

LIGHTING SYSTEM CONSTRUCTION 

 A personal computer and a dimmer (DMX controller) were used to control the 

color output of the LED fixtures. The computer was connected to the DMX system, 

which was then linked to the LED fixtures in a daisy-chain configuration. This 

setup used a single DMX cable to connect all eight light fixtures sequentially, 

ensuring that signals were transmitted from the controller to the last fixture, 

integrating all eight grids (Figure 6). 
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Figure 6. Elevation Diagram of Experiment Lighting Control System. 

Each LED fixture contained nine cells with RGBW (Red, Green, Blue, and 

White) channels. RGBW is a four-channel lighting system, where each channel is 

controlled individually through the personal computer, allowing for precise 

intensity adjustments. The intensity of each RGBW channel was modified using a 

scale from 0 (low intensity) to 255 (high intensity). For example, increasing the 

intensity of the Red (R) channel increased the red hue of the LED fixture. The 

White (W) LED served as the primary contributor to white light, while the RGB 

LEDs fine-tuned the spectrum. 

The digital control system sent signals from the DMX controller to the RGBW 

channels, determining the channel intensities to be displayed. A table detailing the 

RGBW values for each lighting scene is presented in Table 3. The RGBW channel 

settings were configured for each lighting scene based on an educated guess-and-
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check approach, taking into account the fundamentals of RGBW color mixing to 

achieve the desired illuminance and CCT for each scene. After configuring the 

RGBW channels for each lighting scene, spectral power distribution vertical 

measurements at the eye level were taken (Figure 7), illustrating the visible 

spectrum and its corresponding color ranges for each RGBW channel. 

The DMX system used in this experiment was the Nicolaudie SELSA-U9. 

DMX is a standardized digital communication protocol widely utilized in theatrical, 

architectural, and entertainment lighting (Appendix 8). It enables the control of 

multiple lighting fixtures and effects through a single controller, allowing for real-

time adjustments needed to move between experimental scenes (KL DMX White 

Paper, 2022; Pharos DMX Series Article, 2022).    

Table 3. RGBW Channel Values for each Light Scene. 

RGBW 

Channels 

Scene 

Number 1 

Scene 

Number 2 

Scene 

Number 3 

R-Channel 26 79 132 

G-Channel 11 32 53 

B-Channel 3 8 13 

W-Channel 12 37 63 

RGBW 

Channels 

Scene 

Number 4 

Scene 

Number 5 

Scene 

Number 6 

R-Channel 11 33 55 

G-Channel 11 33 55 

B-Channel 5 13 22 

W-Channel 15 46 77 

RGBW 

Channels 

Scene 

Number 7 

Scene 

Number 8 

Scene 

Number 9 

R-Channel 11 33 55 

G-Channel 11 33 55 

B-Channel 5 13 22 

W-Channel 15 46 77 
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Figure 7. Spectral Power Distribution (SPD) Measurements of each Light Scene. 

PARTICIPANTS 

A total of 27 participants took part in the study, divided into three cultural 

groups representing three countries: the United States (Colorado), Saudi Arabia, 

and India. Due to low participation rates from two initially selected regions, 

recruitment was expanded to include additional countries: 

• Participants from Kuwait were grouped with the Saudi Arabian cultural 

group. 

• Participants from Bangladesh (latitude 23°N ±10°) were grouped with the 

Indian cultural group. 

Kuwait and Bangladesh were included in these groups due to similarities in 

climate, cultural traditions, and historical architectural lighting. These regions 

share comparable daylight exposure patterns, architectural lighting traditions, and 

common artificial lighting preferences, justifying their inclusion in the study. 

Based on participants’ reported hometowns, an estimated latitude range was 

determined for each cultural group: 

• United States (Colorado): 38°–40° N 

• Saudi Arabia and Kuwait: 21°–30° N 
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• India and Bangladesh: 17°–23° N 

 The final distribution comprised nine participants from the United States 

(Colorado), ten from Saudi Arabia/Kuwait, and eight from India/Bangladesh (Table 

4). All participants were college students at the University of Colorado Boulder. To 

control for age-related variations in light perception and visual performance, the 

study limited participation to individuals aged 18–30 years. All genders were 

included, with a final distribution of 52% male and 48% female. 

Table 4. Participant's Distribution Based on Country of Origin. 

Cultural Groups Number of Participants enrolled 

United States (Colorado) 9 

Saudi Arabia / Kuwait 10 

India / Bangladesh 8 

 

To minimize adaptation effects, participants from non-U.S. cultural 

backgrounds were required to have lived in the United States for no more than five 

years. While there is no universally agreed-upon threshold for full perceptual 

adaptation, limiting the residency period helps ensure that responses reflect 

participants’ original cultural frameworks rather than preferences formed through 

acculturation or environmental conditioning in the U.S. Participants’ knowledge of 

lighting design and illumination engineering varied, but this was not considered a 

variable in the study. Additionally, data on participants’ visual impairments were 

collected, and those with conditions affecting vision (e.g., color vision deficiency, 

uncorrected vision impairments) were excluded to ensure consistency in visual 

performance assessments. 
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Participants were recruited through announcements in classes, emails to 

students, outreach to cultural clubs, and promotion through the English language 

program at CU Boulder. To prevent undue influence, recruitment materials 

explicitly stated that participation was voluntary, unrelated to coursework, and had 

no penalties for non-participation. 

ETHICAL CONSIDERATIONS 

This study was conducted in accordance with the ethical guidelines for 

research involving human subjects. It was approved by the Institutional Review 

Board (IRB) at the University of Colorado Boulder under protocol number 24-0434. 

All participants were provided with an informed consent document before the study, 

which outlined the research purpose, procedures, potential risks, and their right to 

withdraw at any time without consequence (Appendix 9). Consent was obtained 

with a signature during the participant's visit to the experiment. 

To protect participant privacy and confidentiality, all collected data were de-

identified by removing personal identifiers before analysis. Data were securely 

stored on university-approved encrypted servers (Qualtrics), and access was 

restricted to authorized researchers only. In addition, the study adhered to strict 

data protection protocols, ensuring that responses remained confidential and were 

used solely for research purposes. 

The potential risks to participants were minimal, primarily involving 

temporary discomfort due to lighting conditions. To mitigate this, participants were 

instructed to immediately notify the research team if they experienced discomfort, 
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eye strain, or dizziness, and they had the option to discontinue participation at any 

time. Additionally, breaks were provided between each lighting scene, and 

participants were given a 30-second adaptation period to prevent sudden exposure 

effects. 

To ensure voluntary participation and avoid undue influence, recruitment 

materials emphasized that participation was optional, unrelated to coursework, and 

carried no academic or personal penalties for non-participation. Participants 

received snacks, though some received extra credit if their course instructors 

permitted it. 

By adhering to these ethical considerations, this study ensured that 

participants' rights, safety, and confidentiality were maintained while contributing 

valuable insights into the cultural influences on lighting preferences and workplace 

performance. 

DATA COLLECTION PROCEDURE 

The study's data collection was divided into two phases: the pre-experiment 

phase and the experimental procedure. In the pre-experiment phase, participants 

were asked to answer a demographic questionnaire (Appendix 10) and a one-day 

PANAS-SF mood log (Appendix 11). During the experimental procedure phase, 

information on visual performance and light preferences was gathered (Appendix 

12).  
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Pre-Experiment Phase 

An email was sent to each participant, which included a sign-up sheet 

allowing them to select a time slot for participation in the experiment. The time 

slots provided flexibility for the participants, ensuring that each participant 

completed the experiment individually, without interaction with other participants. 

The email also included a demographic questionnaire designed to collect essential 

background information about participants to contextualize their responses to the 

study. The questionnaire began with basic identification questions, including name 

and University of Colorado email address, to maintain organization. The 

questionnaire then gathers demographic data, such as age, gender, and locations 

where participants have lived, providing insight into diverse backgrounds and 

experiences. Academic information is also recorded, specifically whether the 

participant is a student and their major, to understand any potential influences of 

educational background. Additionally, the questionnaire includes questions about 

vision and light sensitivity, assessing whether participants wear corrective eyewear, 

have visual impairments, or experience dizziness due to changes in lighting to 

ensure that any potential factors affecting visual perception are known. 

To explore cultural and environmental influences, the questionnaire includes 

an optional question about religious affiliation, allowing participants to disclose any 

relevant background information that may impact their responses. Furthermore, it 

assesses participants' knowledge and preferences regarding lighting, determining 

whether they have prior expertise in lighting design and gathering information 
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about their typical work or study lighting conditions. A section on circadian rhythm 

and sleep patterns explores participants' daily activity levels, usual wake and sleep 

times, sleep quality, and recent sunlight exposure, as these factors can affect 

performance in lighting-related studies. Lastly, a pre-experiment compliance 

question asks participants to maintain a consistent sleep schedule before the 

experiment and acknowledge their understanding of this recommendation. Overall, 

this questionnaire ensures that information about visual conditions, lifestyle habits, 

and prior lighting knowledge were gathered as potential tertiary variables for 

consideration. Not all questions were used in this study, focusing only on those that 

would help address the secondary variables mentioned in the Conceptual Model for 

the Study. 

The email included a one-day mood log that utilizes a 7-point Likert scale to 

assess participants' moods recorded on the day of the experiment using PANAS-SF. 

The Positive and Negative Affect Schedule (PANAS) is a well-established tool for 

measuring mood and affect (Watson, Clark, & Tellegen, 1988). Participants will rate 

their mood based on 10 Positive Affect (PA) items (interested, excited, strong, 

enthusiastic, proud, alert, inspired, determined, attentive, active) and 10 Negative 

Affect (NA) items (distressed, upset, guilty, scared, hostile, irritable, ashamed, 

nervous, jittery, afraid). This data will serve as a baseline reference, allowing us to 

evaluate mood variations and identify potential outliers that may influence 

performance during the experiment. 
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Experimental Procedure 

 Each participant began in the waiting room, where the primary investigator 

greeted them and instructed them to watch a four-minute video that introduced the 

study, explained the procedure, and demonstrated a LEGO building example not 

included in the actual experiment (Appendix 13). LEGO blocks were provided for 

practice. After the video, participants were asked if they had any final questions 

before signing the consent form. This phase took approximately eight minutes, 

including an additional seven-minute buffer for participants who needed to 

complete the pre-experiment demographic questionnaire or mood log if they had not 

already done so. 

Next, participants entered the test room, where they completed six trials 

under different lighting scenes. First, participants picked a box labeled Scene #1, 

which contained LEGO bricks, instruction cards, and the experiment questionnaire. 

Then, they set up the LEGO bricks on the desk in front of them, placed the 

instruction cards on the wooden stand and the experiment questionnaire on the 

side, and then signaled readiness by ringing the bell provided on the desk. A timer 

records the time taken to build the structure, and the time is recorded after the 

participants ring the bell again, indicating that they have finished the building 

task. After they submitted their responses to the experiment questionnaire, 

participants rang the bell for a third time to indicate the completion of the first 

trial. The primary investigator then activated a 30-second adaptation phase, during 

which participants sat in the transition space before re-entering the test room for 
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the subsequent trial. This procedure is repeated six times across different lighting 

conditions, with a maximum experiment duration of 60 minutes. A summary table 

of the procedure is provided below (Table 5). Following the completion of all six 

trials, participants were debriefed, and their responses were logged for analysis. 

The following section outlines the data collection methods employed to assess visual 

performance, lighting conditions, and subjective preferences.  

Table 5. Experiment Procedure Summary. 

 Procedure Tools Location Duratio

n 

Pre-experiment Phase 

Demographi

c 

Questionnai

re 

Answer questions 

related to:  

• demographics  

• academic 

background  

• vision and 

light 

sensitivity  

• sleep 

patterns  

• circadian 

preferences  

• lighting 

environment 

• Prior lighting 

design 

knowledge 

• Online 

questionnaire 

– Qualtrics 

N/A N/A 

One-Day 

Mood Log 

Answer mood-

related questions 

• PANAS-SF 

Online 

questionnaire 

– Qualtrics 

N/A N/A 

Experimental Procedure 

Waiting 

Room 

1. Watch the 

instruction 

video 

2. Practice with 

LEGO bricks 

• Laptop 

• LEGO bricks 

• Consent form 

• Pre-

experimental 

University 

of 

Colorado 

Boulder 

15 

minutes 
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3. Ask last-

minute 

questions 

4. Sign the 

consent form 

5. Extra to 

complete the 

pre-

experiment 

demographic 

questionnaire 

and day log  

demographic 

questionnaire 

• Day Log form 

• Pen 

• Desk 

• Chair 

Test Room 1. Build a 

LEGO 

structure 

2. Answer 

experiment 

questionnaire 

3. Sit in 

adaptation 

space for 30 

seconds 

4. Repeat six 

times 

• 20 LEGO 

bricks 

• Instructions 

• Experiment 

questionnaire 

• Bell 

• Wooden stan 

• Pen, 

• Desk 

• Chair 

University 

of 

Colorado 

Boulder 

45 

minutes 

     

Independent & Dependent Variables 

 Experimental data capture included two main objectives: visual performance 

metrics and environmental measurements, as well as one main subjective-objective, 

individual feedback. Performance metrics included measuring the time taken to 

complete building the LEGO structure. Subjective feedback included questions 

about participants’ light preferences, including questions about the perceived 

brightness and dimness, apparent color, and overall preference of the light scene. 

The environmental measurements included measuring the illuminance, CCTs, and 

luminance for each lighting scene. In this study, individual feedback questions used 
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the overall likeness of the light scene as the sole measurement to answer the second 

research question, excluding perceived brightness, dimness, and likeness of CCT, 

which maintained the main objective of the second research question. 

 The independent variable in the study includes the cultural differences of 

each participant, representing different geographic, climatic, and traditional origins 

(United States (Colorado), Saudi Arabia/Kuwait, India/Bangladesh). The other 

independent variable includes the lighting condition of each lighting scene, 

encompassing changes in illuminance (lx) and CCT (K). These independent 

variables are our primary objective in understanding how different cultures interact 

with light in an office-like space. The dependent variable in the study includes each 

participant's light preferences in the experiment. Visual performance is another 

dependent variable influenced by cultural differences, light conditions, and light 

preferences.  

 To account for potential influencing factors beyond the primary independent 

variables, several additional independent variables that could affect participants' 

performance and light preferences were considered. Sleep patterns were examined 

for the day of the experiment, as individuals with disrupted or inconsistent sleep 

cycles may experience poor cognitive performance, including deficits in memory, 

attention, and executive function (Weinhouse & Devlin, 2022). Participants were 

advised to sleep for at least seven hours per night for three consecutive days prior to 

their experiment day. A study on sleep restriction found that individuals who slept 

fewer than four hours per night experienced continuous degradation in performance 
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without stabilization. In contrast, those who slept between five and seven hours per 

night initially showed performance declines but eventually reached a stable, though 

reduced, level of function (Belenky et al., 2003). 

In addition to sleep patterns, daylight exposure before the experiment was 

documented, as research has shown that it can enhance concentration, alertness, 

and cognitive flexibility (Küller et al., 2006). Additional research suggests that 

workers exposed to greater daylight experience improved sleep quality and wake up 

feeling more refreshed, which in turn enhances workplace productivity (Veitch et 

al., 2008). Morning daylight exposure has also been found to help maintain steady 

energy levels throughout the day, reducing mid-afternoon sluggishness and 

enhancing sustained attention (Baron et al., 1992). 

Beyond sleep and daylight exposure, gender differences in lighting 

preferences were noted. Research has revealed significant variations in mood 

response, cognitive performance, and visual comfort among individuals based on 

gender. Küller et al. (2006) found that women exhibited more substantial mood 

fluctuations under bright lighting conditions, while men’s emotional responses 

remained more stable regardless of illuminance levels. Similarly, Knez and Kers 

(2000) observed that younger women (aged 18–35 years) were more affected by cool 

lighting (5,000 K), whereas men’s mood remained relatively unchanged across 

different lighting conditions. Kwallek et al. (1996) further examined the role of color 

and brightness, finding that women were more sensitive to high-saturation colors 
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and bright environments. In contrast, men were less affected by color saturation but 

performed better in higher illuminance settings. 

Beyond gender differences, participant’s moods were also tracked through the 

one-day log, as emotional states can influence task engagement, visual environment 

(light condition), and overall visual comfort (Küller et al., 2006; Baron et al., 1992; 

Veitch et al., 2008). Additionally, visual impairments such as color blindness, low 

vision, and cataracts were documented to assess whether variations in visual acuity 

impacted participants' experiences and task performance. While these factors were 

not primary independent variables, they were carefully monitored to ensure a more 

comprehensive understanding of individual responses to different lighting 

conditions. 

Instruments & Tools 

 To ensure accurate data collection, a combination of objective measurement 

tools and subjective evaluation instruments was employed to assess lighting 

conditions, visual performance, and participant preferences. Illuminance 

measurements (in lx) were obtained using a Konica Minolta T-10A Illuminance 

Meter (Appendix 14) at the horizontal plane at the desk (task surface), vertical 

plane at the eye level looking at the task, LEGO instruction cards, and all four 

walls in the test room. This ensures consistent readings across all lighting 

conditions during the experiment; for instance, lighting scenes with the same 

illuminance output but different color temperatures will have approximately the 

same recorded illuminance readings (Table 6). The location of the illuminance 
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measurement can be seen in Figure 8. The Konica Minolta CL-500A Illuminance 

Spectrophotometer (Appendix 15) was used to capture the SPD of the light sources, 

allowing for precise calculations of CCT. To measure surface luminance, a Konica 

Minolta LS-150 Luminance Meter (Appendix 16) was utilized, while a digital single-

lens reflex (DSLR) camera was used to capture high dynamic range (HDR) images 

for analyzing luminance distribution within the test space, ensuring luminance 

levels were consistent between lighting scenes that varied in CCT but had similar 

illuminance levels. The location of the luminance measurement and values for each 

light scene is shown in Table 7.   
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Figure 8. Location of Illuminance Measurements in the Test Room. 

Table 7. Luminance Measurements Across Light Scenes in Test Room. 

Scene Number 1 Scene Number 2 

  

Scene Number 3 Scene Number 4 
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Scene Number 5 Scene Number 6 

  

Scene Number 7 Scene Number 8 

  

Scene Number 9                                                                                                                                                                                  
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To assess visual performance, a standardized LEGO structure-building task 

was implemented. This task evaluated participants' spatial cognition, attention to 

detail, and task efficiency. The time taken to complete each structure was recorded 

using time-tracking software. In addition to objective visual performance, subjective 

feedback on lighting perception was gathered using a questionnaire. After exposure 

to each lighting condition, participants completed a Lighting Preference 

Questionnaire using a 7-point Likert scale. A summary of the instruments and tools 

used to capture data during the experiment can be seen in (Table 8). These 

instruments ensured precise measurement of lighting conditions, visual task 

performance, and subjective preferences, providing a comprehensive dataset for 

analyzing the relationship between lighting environments and visual performance. 
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Table 8. Summary of Instruments & Tools Capturing Lighting Data. 

Name of tool Purpose (i.e., what data is being 

collected?) 

Time Tracking Software Records the time taken to complete 

each structure (to document 

individual/cultural differences in 

relation visual performance) 

Experiment Questionnaire (7-

point Likert Scale) 

Human subject evaluations of lighting 

preference (to document 

individual/cultural differences in 

relation to light) 

Konica Minolta T-10A 

Illuminance Meter  

Illuminance light levels within physical 

space at desk and eye level (to be 

consistent across scenes)  

Digital Single-Lens Reflex 

(DSLR) Camera  

High Dynamic Range (HDR) images of 

physical space to capture luminance 

distribution (to be consistent across 

scenes)  

Konica Minolta LS-150 

Luminance Meter  

Luminance within physical space (to 

calibrate HDR image results)  

Konica Minolta CL-500A 

Illuminance Spectrophotometer  

Spectral power distribution of light 

sources in physical space (to calculate 

CCT at desk and eye level)  

  

DATA ANALYSIS 

The data analysis approach was divided into three sections, addressing each 

research question mentioned in the CURRENT STUDY. To answer the first 

question, the study examined the effects of various factors on LEGO build time 

(minutes), the dependent variable, across three cultural groups: Saudi 

Arabia/Kuwait, the United States (Colorado), and India/Bangladesh. Participants 

were recruited from each country, with the number of participants distributed 

among the three groups. The study incorporated several independent variables, 

including sleep duration, daylight exposure, gender, vision, illuminance, correlated 

color temperature (CCT), and cultural group (country of origin). 
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The data analysis process used three methods: Exhaustive CHAID 

classification tree analysis, ANOVA, and Spearman’s Rho. CHAID, which stands for 

Chi-squared Automatic Interaction Detection, is a decision tree-based statistical 

method used to identify relationships between a categorical dependent variable and 

multiple independent variables. It works by repeatedly splitting the data into 

subgroups based on the most significant predictor, using chi-squared tests to detect 

interactions and differences in response patterns (Van Diepen & Franses, 2006). At 

each step, CHAID merges categories of predictors that behave similarly and only 

splits when the difference in outcomes is statistically significant, applying 

Bonferroni adjustments to control for multiple comparisons. The result is a tree 

structure where each final node (or segment) represents a unique combination of 

predictor values with an associated probability of the outcome. CHAID is 

particularly useful as it helps to uncover patterns, segment populations, and make 

predictions without assuming a specific data distribution. CHAID was the first step 

to help us identify our main predictors, so the ANOVA test was added to go into 

more detail with the analysis of the variables. 

ANOVA, which stands for Analysis of Variance, is a statistical method used 

to determine if there are statistically significant differences between the averages 

(means) of three or more groups. It partitions the total variation in the data into 

between-group variation (differences due to the treatments or factors) and within-

group variation (random differences or errors within the same treatment group). 

Then, it uses the F-test to check if the between-group differences are significantly 
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larger than what would be expected by chance. If a significant F-value (typically p < 

0.05) is found, it suggests that not all group means are equal, and post-hoc tests 

(such as Scheffé, Tukey, or Dunnett) are used to determine which groups differ 

(Stahle & Wold, 1989). ANOVA is typically used to determine whether a factor, such 

as treatment, condition, or group, has an impact on the outcome being measured. It 

is commonly used in experiments to determine if different methods, environments, 

or populations yield significantly different results. 

Spearman’s Rho, often symbolized as ρ or rₛ, is a nonparametric measure of 

correlation that assesses the strength and direction of a monotonic relationship 

between two variables. Unlike Pearson’s correlation, which measures linear 

relationships using raw data, Spearman’s Rho works with ranked data, making it 

ideal when the data is ordinal, not normally distributed, or when the relationship is 

not linear. It produces a value between –1 and +1, where +1 indicates a perfect 

increasing relationship, –1 is a perfect decreasing relationship, and 0 is no 

correlation (Salkind, 2007). Spearman’s Rho is commonly used in the social sciences 

to analyze survey responses, preferences, or other ranked data. It is flexible, easy to 

interpret, and particularly useful when working with small samples or data that do 

not meet the assumptions of parametric tests. 

To identify significant predictors influencing build time, an Exhaustive 

CHAID classification tree analysis was conducted. This method allowed for the 

detection of key variables that contributed to variations in performance. 

Additionally, a main effects ANOVA was performed to explore the effects of each 
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predictor and their interactions. Post-hoc Tukey tests were used to identify specific 

differences between groups and conditions, providing a more detailed analysis of the 

significant effects. The data analysis process can be found in Appendix 17.  

To answer the second question, the study examined lighting scene 

preferences across three cultural groups where participants rated their preferences 

using a 7-point Likert scale, which measured their subjective evaluation of different 

lighting conditions. For statistical analysis, an Exhaustive CHAID classification 

tree analysis was conducted. This method allowed for the detection of key variables 

that contributed to variations in light preference. Additionally, a main effects 

ANOVA was conducted to examine the effects of cultural group, illuminance level, 

and CCT on participants’ ratings of how much they preferred the lighting scene, 

including significant, two-way, and three-way interactions. To control for multiple 

comparisons, Bonferroni-adjusted post-hoc tests were used to identify significant 

differences between specific conditions and interactions among the variables. The 

data analysis process can be found in Appendix 18.  

To answer the third question, the study examined the relationship between 

participants' preference for the light scene and build time by using Spearman’s Rho 

as the statistical measurement tool. All statistical analyses were conducted using 

IBM SPSS and RStudio software. The data analysis process can be found in 

Appendix 19.  
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CHAPTER III 

RESULTS 

Visual Performance 

 An Exhaustive CHAID (classification tree) was conducted to identify 

significant predictors (Table 9). The classification tree identified the main variables 

that impact build time (in minutes), with sleep duration being the strongest 

predictor. Participants who slept more than seven hours had faster build times 

(Mean = 1.368 minutes), while participants who slept less than seven hours had 

slower build times (Mean = 1.601 minutes). Secondary predictors (within nodes) 

included the different cultural groups. Participants from the United States 

(Colorado) consistently had the fastest build times (Mean = 1.058 minutes). In 

contrast, participants from Saudi Arabia and India showed no significant difference 

between each other, both being slower than the U.S. group (Mean = 1.709 minutes). 

Additional predictors included daylight exposure and CCT, which were also 

secondary predictors. Participants with more daylight exposure (>25 min) and 

cooler light temperature (6,500 K) were associated with faster build times. The 

results indicate a clear interaction between sleep duration and cultural groups in 

predicting build time, but CCT and daylight were not as strong predictors of build 

time, as can be seen in the following ANOVA analysis. 
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Table 9. Built Time Decision-Tree Summary of Exhaust CHAID Splits. 

Node Splitting 

Variable 

Condition Mean Build 

Time 

(Minutes) 

Interpretation 

0 (Root) All 

Participants 

1.455 Starting point 

(entire dataset) 

1 Sleep ≤ 7 hours 1.601 Slower build 

time with less 

sleep 

2 Sleep > 7 hours 1.368 Faster build 

time with more 

sleep 

3 Group Saudi 

Arabia or 

India 

1.709 Slower build 

time in these 

groups 

4 Group Colorado, 

U.S. 

1.058 Faster build 

time in this 

group 

5 Daylight ≤ 25 min 1.352 Moderate build 

time 

6 Daylight > 25 min 0.972 Fastest build 

time 

7 CCT 2,700K or 

4,000K 

1.043 Slightly slower 

than 6,500K 

8 CCT 6,500K 0.781 Fastest build 

time within this 

subset 

 

A main effects ANOVA including significant and two-way interactions was 

conducted to examine the effects of illuminance, CCT, gender, sleep, daylight, and 

cultural groups on build time (Table 10). The overall model was statistically 

significant, F(9, 56) = 3.528, p = 0.002, indicating that the combination of these 

variables explains a meaningful portion of the variation in build time. Here, the F-

value (3.528) represents the ratio of explained variance to unexplained variance, 

and the degrees of freedom (9, 56) correspond to the number of predictors and the 

residuals, respectively. Since the F-value (3.528) is greater than one, the model 
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explains more variance than error. A p-value of 0.002 indicates that there is less 

than a 0.2% chance that this result occurred by random chance, making the model 

statistically significant. The model’s adjusted R² of 0.259 suggests that 

approximately 25.9% of the variation in build time can be explained by the 

predictors. 

Table 10. Built Time Main Effects ANOVA Results Summary. Significant Variables Highlighted in 

Green. 

Source df Mean Square F-value Sig. 

Cultural 

Group 

2 0.521 3.591 0.034 

Illuminance 2 0.375 2.362 0.104 

CCT 2 0.055 0.349 0.707 

Gender 1 0.023 0.147 0.703 

Sleep Hours 1 0.781 4.970 0.031 

Daylight 

Exposure 

1 0.049 0.311 0.579 

Cultural 

Group × 

Sleep Hours 

2 0.201 1.279 0.287 

Total 66 0.259 3.528 0.002 

 

Among them, the cultural group was the most significant predictor, F(2, 56) = 

3.591, p = 0.034, indicating that the variation in build time between cultures is 

statistically significant. U.S. participants (Mean = 1.104 minutes) built significantly 

faster than both Saudi (Mean = 1.455 minutes) and Indian participants (Mean = 

1.598 minutes) (Figure 9). Another significant predictor was sleep duration, F(1, 56) 

= 4.970, p = 0.031, indicating that participants who slept more than seven hours 

completed the task more quickly. 
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Figure 9. Differences in Built Time between Cultural Groups. 

The main effects ANOVA model revealed no significant effects from 

illuminance, gender, daylight exposure, vision, or CCT when considered 

individually. A simplified two-way ANOVA was used to examine the interaction 

between cultural groups and sleep hours. However, it was not statistically 

significant (p = 0.287), indicating that these two variables influence build time 

independently rather than in combination. Lastly, a Tukey post hoc comparison 

confirmed that U.S. participants were significantly faster than both Saudi (p < 

0.001) and Indian participants (p < 0.001). However, there was no significant 

difference between the Saudi and Indian groups (p = 0.935) (Table 11). 

Table 11. Cultural Groups Post Hoc Test Results (Tukey HSD) for Built Time Comparisons. 

Cultural 

Group 

(I) 

Compare

d Group 

(J) 

Mean 

Differenc

e (I – J) 

Std. 

Error 

Sig. 95% 

Confidenc

e Interval 

(Lower) 

95% 

Confidenc

e Interval 

(Upper) 

Saudi 

Arabia 

United 

States 

(Colorado) 

0.4509 0.1179

1 

<0.00

1 

0.1676 0.7343 
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India -0.0418 0.1193

3 

0.935 -0.3286 0.2450 

United 

States 

(Colorado

) 

Saudi 

Arabia 

-0.4509 0.1179

1 

<0.00

1 

-0.7343 -0.1676 

India -0.4928 0.1206

2 

<0.00

1 

-0.7827 -0.2029 

India Saudi 

Arabia 

0.0418 0.1193

3 

0.935 -0.2450 0.3286 

United 

States 

(Colorado) 

0.4928 0.1206

2 

<0.00

1 

0.2029 0.7827 

 

In summary, the results show that adequate sleep significantly enhances 

build performance, emphasizing its practical importance for improving efficiency. 

Additionally, cultural and regional differences were evident, with U.S. participants 

completing tasks significantly faster than those from Saudi Arabia and India. This 

disparity may reflect variations in familiarity with the tasks, training backgrounds, 

skill levels, or cultural working styles. Furthermore, daylight exposure also 

contributed to better performance. However, its impact was not as pronounced as 

that of sleep, suggesting that while natural light may provide some benefits, sleep 

remains the most influential factor in task efficiency. The lighting conditions, 

involving changes in illuminance and CCT, had no significant effect on task 

efficiency. The change in Cooler color temperature did show an increase in 

performance in the exhaust CHAID analysis, which showed some influence on built 

time. However, the ANOVA analysis revealed no significant difference, indicating 

no strong impact. Additionally, the change in illuminance levels had no impact. 
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Light Preference 

An Exhaustive CHAID (classification tree) analysis was conducted to identify 

significant predictors (Appendix 20). The classification tree summary can be seen in 

Table 12. The classification tree identified important variables impacting light 

preference (on a 7-point Likert Scale), with CCT being the strongest initial predictor 

(p = 0.001). The warmer color temperature of light received high preference ratings 

(Mean = 4.323), while cooler light received lower ratings (Mean = 4.096). Another 

strong predictor was cultural differences between the different groups (p < 0.001). 

Saudi Arabia and the United States (Colorado) showed a higher liking (Mean = 

5.469), while India showed a lower liking (Mean = 3.600). This indicates that Saudi 

Arabian and U.S. participants strongly preferred warm-colored lighting scenes, 

whereas Indian participants showed significantly less preference for these same 

warm lighting conditions. Lastly, illuminance significantly impacts the preference 

for participants from India under warm conditions (p = 0.30).  For Indian 

participants under warmer conditions, lower illuminance (≤450 lx) resulted in lower 

liking, whereas higher illuminance (>450 lx) significantly improved preference. 

Table 12. Light Preference Decision-Tree Summary of Exhaust CHAID Splits. 

Node Split 

Condition 

Group Mean 

Preference 

Interpretation 

0 — All 

participants 

4.323 Overall 

moderate 

preference 

1 CCT ≤ 2700K 

(Warmer) 

All 4.872 Warmer 

lighting 

preferred 

overall 
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2 CCT > 2700K 

(Cooler/Neutral) 

All 4.096 Cooler lighting 

less preferred 

3 Group = Saudi 

Arabia & U.S. 

Warmer CCT 

group 

5.469 Very high 

preference for 

warm lighting 

4 Group = India Warmer CCT 

group 

3.600 Lower 

preference for 

warm lighting 

5 Illuminance ≤ 

450 lx 

Indian group 

under warm 

CCT 

3.182 Low preference 

under low 

illuminance 

6 Illuminance > 

450 lx 

Indian group 

under warm 

CCT 

4.750 Improved 

preference 

under higher 

illuminance 

 

A main effects ANOVA, including significant, two-way, and three-way 

interactions, was conducted to examine the effects of cultural group, illuminance 

level, and CCT on participants’ ratings of how much they liked the lighting scene 

(Table 13). Bonferroni-adjusted post hoc tests were used to identify significant 

differences between specific conditions and interactions among the variables. The 

overall model was statistically significant (F(26,295) = 5.173, p < 0.001), with an 

effective size of approximately 25.3% (Adjusted R² = 0.253). The results revealed a 

significant main effect of cultural group (F(2,295) = 5.467, p = 0.005), indicating 

that cultural background had a significant influence on lighting preferences. 

However, the main effect of illuminance was insignificant (F(2,295) = 0.025, p = 

0.975), suggesting that brightness alone did not strongly impact preference ratings. 

The main effect of CCT approached significance (F(2,295) = 3.011, p = 0.051), 

implying that color temperature may have had some influence on preference, 

though not at a substantial level. 
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Several interaction effects were significant. The interaction between cultur 

and illuminance was highly significant (F(4,295) = 9.51, p < 0.001), suggesting that 

the effect of brightness on preference varied by cultural background. Similarly, the 

interaction between culture and CCT was significant (F(4,295) = 7.724, p < 0.001), 

indicating that color temperature preferences varied across cultures. The 

interaction between illuminance and CCT was not significant (F(4,295) = 1.302, p = 

0.269), meaning that brightness and color temperature did not jointly affect 

preferences in a meaningful way. However, the three-way interaction between 

culture, illuminance, and CCT was significant (F(8,295) = 2.599, p = 0.009), 

suggesting that the combined influence of brightness, color temperature, and 

cultural background played a role in shaping participants' lighting preferences. 

Table 13. Main Effects ANOVA Results for Lighting Preference Ratings by Group, Illuminance, and 

Color Temperature. Significant Variables Highlighted in Green. 

Source df Mean Square F-value Sig. 

Cultural 

Group 

2 12.656 5.467 0.005 

Illuminance 2 0.058 0.025 0.975 

CCT 2 6.972 3.011 0.051 

Cultural 

Group × 

Illuminance 

4 22.018 9.51 <0.001 

Cultural 

Group × CCT 

4 17.884 7.724 <0.001 

Illuminance 

× CCT 

4 3.014 1.302 0.269 

Cultural 

Group × 

Illuminance 

× CCT 

8 6.018 2.559 0.009 

Total 322 0.253 5.173 <0.001 
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From three-way interaction ANOVA, we can see differences in preference 

between cultural groups. Saudi Arabian participants generally showed higher 

preference ratings for lighting scenes compared to other cultural groups (Figure 10). 

They have expressed a significantly higher liking for moderate illuminance levels 

with cool white light (450 lx, 6,500 K, mean = 7.00). Results also show a higher 

preference for both warm light (2,700 K) and cool light (6,500 K) at lower 

illuminance levels (150 lx). At higher illuminance levels, a preference for warm light 

(750 lx, 2,700 K, mean = 6.50) increased, indicating that with higher illuminance, 

the preference shifts towards warmer color temperatures. Neutral white light was 

the preferred light throughout all the light scenes, with a decreasing trend as the 

illuminance levels increased, having the lowest rating at higher illuminance levels 

(750 lx, 4,000 K, mean = 2.63). The results indicate a cultural preference for 

moderate light levels, and cool lights followed by warm lights.  

Colorado, U.S. participants demonstrated preference, with relatively stable 

ratings across conditions and a slight preference for lower illuminance and warmer 

temperatures (Figure 10). The highest ratings for all color temperatures were at the 

lowest illuminance, with the highest rating for warm light (150 lx, 2,700 K, mean = 

5.56). The general trend indicates a decrease in preference as illuminance levels 

increase, with the lowest rating observed at the highest illuminance and cooler light 

temperature (750 lx, 6,500 K, mean = 3.11). Neutral white light stayed relatively 

consistent throughout the changes in illuminance levels with low preference 
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ratings. The results indicate a cultural preference towards lower illuminance and 

warmer color temperatures. 

Indian participants had varied preferences, often intermediate but 

significantly higher liking for brighter illuminances combined with certain color 

temperatures (Figure 10). The highest rating for all color temperatures was at the 

highest illuminance level, with the highest rating for the neutral white light (750 lx, 

4,000 K, mean = 6.00), followed by the cool light (750 lx, 4,000 K, mean = 5.25). The 

lowest ratings for preferred light scenes were at the lower illuminance levels, with 

the lowest rating for warm light (150 lx, 2,700 K, mean = 3.00). The results indicate 

a cultural preference towards higher illuminance levels and neutral to cool color 

temperatures.  

  

 
Figure 10. Estimated Marginal Means of Lighting Preference in Saudi Arabia, Colorado, U.S., and 

India. 

In summary, the three cultural groups exhibited distinct lighting preferences 

(Figure 11), with Saudi Arabian participants showing the highest variability and a 
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strong preference for moderate illuminance (450 lx) with cooler temperatures (6,500 

K), as well as warm light at low and high illuminance (150 lx & 750 lx, 2,700 K). In 

contrast, American participants displayed relatively stable preferences, favoring 

lower illuminance (150 lx) with warm light (2,700 K) and showing a general decline 

in preference as illuminance increased, particularly for cooler light (750 lx, 6,500 K). 

Indian participants, on the other hand, preferred higher illuminance levels (750 lx) 

overall, with the highest rating for neutral white light (4,000 K) and a trend toward 

cooler temperatures at brighter settings. A key similarity across all groups was the 

dislike for neutral white light (4,000 K) at higher illuminance levels, particularly for 

Saudi Arabian and American participants. Additionally, preference trends 

fluctuated more sharply for Saudi Arabian and Indian participants, whereas 

American ratings were more consistent, reinforcing a cultural tendency toward 

stability in lighting preferences. These results highlight the importance of designing 

adaptable lighting environments that accommodate cultural variability in 

brightness and color temperature preferences. 

 
Figure 11. Estimated Marginal Means of Lighting Preference Across Cultural Groups, Illuminance 

Levels, and CCT. 
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Visual Performance & Light Preference Correlation 

 To examine the relationship between participants' preference for the light 

scene and build time, Spearman’s Rho was used as a statistical measurement tool. 

The Spearman’s correlation coefficient (rho = 0.027) indicates a very weak, positive 

correlation between these two variables (Table 14). This suggests that there is 

almost no meaningful relationship between the extent to which participants liked 

the lighting scene and the time they took to complete the task. Additionally, the 

correlation was not statistically significant (p = 0.628, N = 27), meaning that 

preference for the lighting scene had no measurable effect on build performance. 

From a practical standpoint, these results suggest that participants' 

preference for lighting conditions did not impact their task performance. Regardless 

of whether individuals strongly liked or disliked the lighting environment, their 

build times remained unaffected. This suggests that other factors, such as skill 

level, sleep duration, or cultural background, may play a more significant role in 

determining build speed than personal lighting preference alone. 

Table 14. Spearman’s Correlation Results Between Lighting Preference and Build Time. 

Spearman’s Rho Analysis Results 

Spearman’s rho 0.027 

Significance (p-value) 0.628 

Sample Size 27 

  

DISCUSSION 

 This study aimed to investigate how cultural background influences lighting 

preferences and visual performance in an office-like environment with varying light 

intensities and apparent color temperatures. The results demonstrated that 



65 

 
cultural background, along with contextual factors such as sleep duration, had a 

significant impact on participants’ visual task efficiency. At the same time, neither 

light intensity nor apparent color alone had a significant influence on performance. 

However, changes in light intensity and color temperature did have a significant 

effect on lighting preferences across cultures. A notable finding was the lack of 

correlation between preference and performance, suggesting that these two 

variables may operate independently in short cognitive tasks. 

Visual performance analysis showed that cultural background had a 

measurable effect on task efficiency. Participants from the United States (Colorado), 

consistently completed the cognitive task (LEGO model-building) faster than 

participants from Saudi Arabia and India. This performance gap may reflect 

cultural distinctions in familiarity with task types, educational background, or 

exposure to similar problem-solving activities. Interestingly, while correlated color 

temperature (CCT) appeared to be associated with faster build times under cooler 

light (6,500 K) in the Exhaustive CHAID analysis, the ANOVA results showed no 

significant effect. This indicates that neither CCT nor illuminance levels had a 

statistically meaningful impact on performance. These findings contradict previous 

literature suggesting that cooler CCT and higher illuminance enhance cognitive 

performance; however, the discrepancy may be attributed to the short task 

duration, which may not have allowed sufficient time for participants to adapt to 

the lighting conditions. A longer or more demanding task might be necessary to 

observe differences. 
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Additionally, non-cultural factors, such as sleep duration, emerged as strong 

predictors of performance. Participants who reported more than seven hours of 

sleep completed the task faster, supporting previous findings by Belenky et al. 

(2003) that link sleep deprivation to performance degradation. Daylight exposure 

also appeared to influence task efficiency in the CHAID analysis, as participants 

exposed to greater amounts of daylight performed better. However, the ANOVA 

analysis did not show significance in build-time for this variable, suggesting that 

while daylight exposure may contribute, it is not a strong standalone predictor of 

performance. These results highlight the multifaceted nature of visual performance, 

where cultural background interacts with lifestyle and physiological factors to 

influence cognitive outcomes. 

The analysis of lighting preferences revealed clear cultural differences in how 

participants evaluated various lighting scenes. Participants from Saudi Arabia and 

the United States generally preferred warm light (2,700 K), particularly at lower 

illuminance levels (150 lx–450 lx), whereas participants from India favored neutral 

to cool white light (4,000 K–6,500 K) at higher illuminance levels (750 lx). These 

findings align with previous literature linking lighting preferences to long-term 

adaptation to environmental conditions, architectural lighting traditions, and 

cultural norms (Madan, 2023; Park et al., 2010). 

For example, Saudi participants’ strong preference for cool light at 450 lx 

may reflect adaptation to the region’s bright, sunny climate, while their preference 

for warm light may be influenced by religious spaces that traditionally use warmer 



67 

 
lighting. Similarly, in the U.S., seasonal daylight availability and the prevalence of 

energy-efficient, low-CCT lighting standards may explain the preference for warmer 

and dimmer lighting. 

In contrast, Indian participants showed a stronger preference for brighter, 

cooler lighting, which may reflect acclimation to high ambient light environments 

and cultural associations of brightness with productivity and alertness, particularly 

in workspaces that integrate daylighting (Pathak et al., 2015). 

Another possible explanation for these differences is the influence of common 

residential lighting practices, which are often shaped by the dominant lighting 

products available in regional markets. Over time, exposure to specific illuminance 

levels and CCT ranges may condition individuals to prefer what they are most 

frequently exposed to in daily life. 

A comparison of latitude also revealed potential patterns. U.S. participants 

appeared to show different preferences than Indian participants, which may suggest 

an effect of latitude-related daylight exposure. However, the similarity in 

preferences between Saudi Arabian and U.S. participants, both favoring warm 

light, suggests that latitude is not the sole determinant. Instead, cultural influences 

such as religion, tradition, and lighting conventions likely also play an important 

role. 

Additionally, a significant three-way interaction between culture, 

illuminance, and CCT indicates that lighting preferences are not driven by 
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individual variables in isolation. Instead, they emerge from the interplay between 

light intensity, spectrum, and cultural background. 

Notably, the study found no meaningful correlation between participants’ 

preference ratings and their task performance. The Spearman’s Rho test indicated a 

very weak and non-significant relationship, suggesting that participants did not 

necessarily perform better under the lighting conditions they preferred. This 

challenges the common assumption that lighting environments perceived as more 

comfortable or pleasant inherently improve cognitive performance. One explanation 

for this disconnect is that participants may have based their preferences on 

emotional or visual comfort rather than on how the lighting affected their task 

performance. This is particularly plausible in short, focused tasks such as LEGO 

building, where lighting might influence mood or perception but not performance 

within a limited time frame. Moreover, participants may not have been consciously 

aware of how lighting conditions were affecting their performance in real-time. 

This disconnect underscores the complexity of lighting design. While occupant 

satisfaction is important, it may not always translate to measurable gains in task 

efficiency. Future studies should investigate whether this disconnect persists in 

more prolonged or cognitively demanding tasks, or if the relationship between 

lighting preference and performance varies across different workplace settings. 

 Other factors may have influenced the results of this study but were not fully 

captured in the analysis. One such factor is the participant's mood during the 

experiment. Initially, a PANAS-SF mood model was included to assess participants' 



69 

 
mood on the day of the experiment, using a one-day log, to examine whether mood 

might influence performance. However, this measure was later excluded from the 

analysis because we did not capture mood during each lighting condition in the 

experiment, which was critical for meaningful comparison. Previous research has 

shown that mood responses to lighting vary across individuals and cultural groups, 

with different lighting scenes eliciting different emotional reactions (Küller et al., 

2006). Given that each task in this study lasted less than five minutes, participants 

may not have had sufficient time to emotionally adapt to each lighting scene. As a 

result, it is difficult to assess whether lighting had any measurable impact on mood. 

Another important factor is the Color Rendering Index (CRI), which 

influences how accurately colors appear under different lighting conditions. A 

higher CRI may enhance visual clarity and aesthetic quality, potentially increasing 

the preference for lighting. Another consideration is flicker, especially in LED 

lighting systems. Even if not consciously perceived, temporal light modulation 

(TLM) can contribute to visual discomfort, eye strain, and reduced task efficiency. 

Minor inconsistencies in TLM between scenes could have affected participants' 

subjective experiences and visual performance. 

A final important consideration is the distinction between correlated color 

CCT and SPD. While this study varied CCT across lighting scenes, it is possible 

that the changes in spectral content were not fully aligned or equally distributed 

across scenes. This matters because CCT is a simplified descriptor of a light source’s 

color appearance, while SPD provides a more detailed representation of wavelength 
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composition, which can have stronger physiological and perceptual effects. Cultural 

differences in visual performance may be more closely related to specific 

wavelengths, such as variations in short-wavelength (blue/violet) or long-

wavelength (orange/red) light, than to generalized CCT labels. Adjusting or 

analyzing specific spectral regions with greater precision could reveal stronger 

associations between light composition and performance, particularly across 

cultural groups. 

It is essential to understand how different cultures can adapt to varying light 

conditions in the work environment. Differences were found in build time between 

the cultural groups, as well as in light preference. Although no correlation was 

found between preference and performance in terms of task efficiency and 

performance in short cognitive tasks, a correlation may exist for longer, more 

challenging tasks. There is a need to understand how differences in illuminance and 

color temperature (CCT) across various cultures can contribute to creating a more 

inclusive and productive work environment. 

LIMITATIONS 

 This study was conducted in a controlled laboratory setting rather than a 

real-world office environment. While this approach ensured that all participants 

experienced the same standardized conditions, it may have influenced participants' 

responses. The physical environment can significantly impact an individual’s 

perception of space, influencing their mood, preferences, and task performance. 

Collecting data from culturally diverse workers in an actual office setting could 
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provide a more comprehensive understanding of how different lighting conditions 

impact visual preference and performance. 

The participant sample was primarily recruited from the student body and 

was limited to individuals residing in Colorado, USA, which may limit the 

generalizability of the findings. Additionally, recruitment posed challenges, as the 

study required participants from specific cultural backgrounds. This resulted in a 

lower participant count than expected, which may have impacted the reliability of 

the results. To increase sample representation, participants from Kuwait and 

Bangladesh were included in the Saudi Arabian and Indian cultural groups, 

respectively. While this adjustment aimed to improve participant distribution, it 

may have influenced the findings. 

Due to concerns about participant engagement and experiment duration, the 

number of lighting scenes was reduced from nine to six. As a result, participants did 

not experience all lighting conditions, and some were exposed to different lighting 

scenes than others. To maintain consistency, certain lighting scenes were kept 

constant for all participants, while the remaining scenes were randomized. 

The experiment utilized a LEGO model-building task as a performance 

metric. However, this task may not fully capture workplace-related performance. 

Additionally, the duration of each task was limited to five minutes per lighting 

scene, which may not have allowed participants sufficient time to fully adapt to the 

lighting conditions. Adaptation times can vary between individuals, and this 

limitation may have led to carryover effects between lighting scenes. The short task 
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duration also restricted the ability to measure mood fluctuations during the 

experiment. 

FUTURE WORK 

 While this study offers valuable insights into the impact of cultural 

background on lighting preferences and visual performance, there are several 

opportunities for future research to build upon and expand these findings. One key 

area is the application of this research in real-world office environments. Although 

the controlled laboratory setup ensured consistency across participants, it does not 

fully capture the complexity of actual work settings where factors such as ambient 

noise, personal lighting setups, and workplace dynamics could influence both 

preference and performance. Replicating the study in naturalistic settings would 

enhance the validity. If this study is conducted in a real-world office environment, 

measuring luminance becomes crucial, as light reflects differently off different 

materials, which affects the perception of the visual environment. 

Furthermore, future research should aim to expand the participant pool 

beyond the university student population. Including individuals of varying ages, 

occupations, and cultural backgrounds would allow for more generalizable 

conclusions. Extending the cultural scope to include participants from other regions 

could also offer a more global perspective on lighting preferences and needs. 

Furthermore, the LEGO-building task, while effective for assessing spatial and 

visual performance, represents only a narrow range of cognitive work. Future 

studies could incorporate a variety of task types, such as reading comprehension, 



73 

 
decision-making, and creative problem-solving, to better reflect the diversity of real-

world work activities. Additionally, future work could include more color tasks and 

measurements of CRI and SPD to better understand how different cultures might 

interact with the apparent color of the visual environment. The study found that 

different cultures had different efficiencies in the build task, not related to the light 

conditions. Future studies can look into what other cultural factors, such as 

familiarity with task types, educational background, or exposure to similar 

problem-solving activities, might influence these differences. 

Longer duration studies are also recommended to explore the effects of 

prolonged exposure and adaptation to different lighting conditions. Short-term 

responses may differ significantly from long-term comfort or performance outcomes, 

especially as individuals acclimate to their environments over time. By conducting a 

more extended study, the inclusion of subjective light perception of brightness and 

dimness can help in better understanding mood within each light scene, rather than 

relying solely on lighting measurements (illuminance levels and CCT). This could 

help further our understanding of self-reported preferences for light by measuring 

mood and perception of light across different cultures. Additionally, physiological 

and behavioral data, such as eye strain related to TLM, heart rate variability, or 

melatonin levels, could further elucidate the biological mechanisms underlying 

lighting responses and provide a more objective foundation for interpreting self-

reported preferences. For example, measuring eye strain through blink rate or 

visual fatigue questionnaires can help determine if lighting conditions are 
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contributing to discomfort even when participants report high satisfaction. Heart 

rate variability (HRV) can provide insight into stress or relaxation levels under 

various lighting conditions, serving as an indirect marker of cognitive load and 

emotional state. Similarly, monitoring melatonin levels through either salivary 

samples or wearable biosensors can reveal how various lighting conditions influence 

circadian regulation and alertness, especially under cooler, high-CCT lighting 

conditions. Integrating these physiological indicators with behavioral performance 

metrics and subjective feedback would enable a more comprehensive understanding 

of how lighting affects humans at both conscious and subconscious levels. Finally, 

exploring user-controlled lighting systems such as tunable LEDs would offer insight 

into how control and personalization affect comfort and productivity. Investigating 

dynamic lighting environments that respond to user behavior or circadian rhythms 

may help develop more inclusive and adaptable lighting strategies tailored to 

diverse cultural and individual needs.  

IMPLICATIONS 

 

The findings of this study carry several important implications for lighting 

design in diverse and multicultural work environments. As workplaces become 

increasingly globalized, understanding how individuals from different cultural 

backgrounds perceive and perform under varying lighting conditions is essential for 

creating inclusive and effective environments. The results suggest that cultural 

background has a significant influence on lighting preference, and although it may 

not directly correlate with performance outcomes in short tasks, it still plays a 
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crucial role in occupant satisfaction and psychological comfort. Although This 

highlights importance of designing lighting systems that go beyond standardized 

recommendations and consider the subjective experiences and expectations shaped 

by regional, environmental, and cultural factors. 

Moreover, the variability in preferences observed across cultural groups 

emphasizes the need for flexibility in lighting design. Fixed, one-size-fits-all lighting 

strategies may not adequately address the diverse needs of a global workforce. 

Instead, adaptive lighting systems, such as tunable LEDs with user-controlled 

settings, can empower individuals to tailor their lighting environments to better 

suit their comfort and productivity. Such systems not only enhance user satisfaction 

but may also support well-being, reduce eye strain, and improve long-term 

workplace engagement. Integrating these insights into design standards, 

certification systems (like WELL and LEED), and workplace policies could lead to 

environments that are both more inclusive and more effective. 

It is essential to recognize that the use of IES standards is a suitable starting 

point for establishing general performance lighting specifications in a workplace 

environment, as the study concluded that there was no strong effect of light 

intensities and apparent color on individual performances of short tasks, and no 

correlation was found between preference and performance.  

On a broader level, this research supports the growing movement toward 

human-centric lighting design, where occupant experience is prioritized alongside 

energy efficiency and architectural integration. By recognizing that lighting is not 
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just a technical specification but a sensory and cultural experience, designers and 

engineers can develop environments that support a wider range of human needs 

physiological, psychological, and emotional. As organizations strive to create 

inclusive, healthy, and productive workspaces, aligning lighting strategies with the 

diverse experiences of their occupants will become an increasingly valuable and 

necessary component of design practice. 
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APPENDIX 

Appendix 1. Terminologies of Key Lighting Concepts. 

Lighting an office work environment requires consideration of several key 

characteristics, including illuminance, luminance, correlated color temperature 

(CCT), color rendering index (CRI), and flicker (Kirsch, 2014; Yi & Ha, 2013). These 

factors influence visual comfort, task performance, and overall occupant well-being. 

Illuminance is one of the most referenced lighting parameters in guidelines 

and specifications; it refers to the amount of light falling on a surface and is 

measured in lux (lx) (ANSI/IES RP-10-20, 2022). Recommended illuminance for 

task visibility is typically measured at the task surface, commonly referred to as the 

desk surface, which is generally positioned 0.75 m (30 in.) above the floor. The 

ANSI/IES RP-10-20 handbook offers maintained localized and area illuminance 

recommendations for a wide range of office tasks, recommending an illuminance 

range of 300 lx to 500 lx for cognitive tasks such as reading and writing. 

While traditional lighting design relies heavily on illuminance, it does not 

fully capture essential visual parameters such as contrast, brightness perception, 

and glare, all of which directly impact human vision and comfort (Bishop & Chase, 

2023). Luminance, measured in Candelas per square meter (cd/m²), represents the 

amount of light reflected or emitted from an area (ANSI/IES RP-10-20, 2022). 

Although illuminance quantifies the amount of light falling on a surface, luminance 

determines how light is distributed within a space, taking into consideration the 

surfaces, ultimately affecting visual effectiveness. 
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This distinction is crucial because two spaces with identical illuminance 

levels can yield vastly different visual experiences depending on luminance 

distribution and surface reflectance. Higher luminance in specific areas can 

enhance task performance, whereas excessive luminance contrasts may induce 

glare and discomfort (Bishop & Chase, 2023). Additionally, brightness perception is 

influenced not just by illuminance but also by spatial light distribution, reflections, 

and surrounding contrast (Rea, 2000).  

CCT and CRI are crucial for accurately rendering the true quality of colors 

and materials within a space, thereby assisting designers in selecting the optimal 

lighting (Karlen & Spangler, 2023). CCT, measured in Kelvin (K), determines 

whether a light source appears warm, neutral, or cool white (Gordon, 2003). The 

spectral composition of light influences object perception, making it essential to 

choose an appropriate CCT for specific applications. Warm white light at 3,000 K or 

lower emits an orange-yellow hue, creating a cozy and relaxed atmosphere. Neutral 

white light, with a temperature of around 4,000 K, appears more balanced and 

natural. Cool white light at 5,000 K or higher has a blue-white tone, which is often 

associated with alertness and productivity (Park & Farr, 2007). 

Although the IES Handbook does not specify a required CCT for office 

environments, industry practices suggest that office lighting typically falls within 

the middle-of-the-road approach of 3,000K to 3,500 K or reaching up to 4,500 K for 

increased alertness effect (DiLaura, D. L., Houser, K. W., Mistrick, R. G., & Steffy, 
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G. R., 2011). Generally, higher CCT values contribute to a more stimulating and 

active work environment, while lower CCT values promote relaxation. 

CCT is derived from the Spectral Power Distribution (SPD), which describes 

how optical power is distributed across different wavelengths in the visible 

spectrum. SPD is typically represented as a graph, with wavelengths (380 nm–780 

nm) on the x-axis and relative power intensity on the y-axis. Each section of the 

visible spectrum corresponds to specific perceived color ranges, as shown in Figure 

12. The combination of radiant power at these wavelengths determines a light 

source’s perceived color temperature. A source with higher intensity in the red 

spectrum will appear warmer, such as 2,700 K–3,000 K, while a source with 

stronger emission in the blue spectrum will appear cooler, such as 5,000 K–6,500 K. 

 
Figure 12. Spectral Power Distribution (SPD) with Common LED Colors within the Visible 

Spectrum. Retrieved from Luxeon Rebel Color Line. Lumileds. (2024). 
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CRI, measured on a scale from 0 to 100, evaluates how accurately a light 

source reproduces colors compared to a reference source of the same CCT, such as 

incandescent light or daylight (Rea, 2000; Karlen & Spangler, 2023). A CRI of 100 

represents perfect color accuracy. The IES Handbook recommends a CRI of at least 

80, with a CRI of 90 or greater preferred for environments where color 

discrimination is crucial (ANSI/IES RP-10-20, 2022). 

Flicker refers to rapid fluctuations in light intensity over time, typically 

caused by variations in electrical current supplied to the light source. Flicker is 

classified into two categories: visible flicker, occurring at or below 70 Hz, and 

invisible flicker, which exceeds 70 Hz and is not consciously perceived but can still 

affect neurological responses (Wilkins et al., 2010). 

In LED lighting, flicker often results from pulse-width modulation (PWM) 

dimming, power fluctuations, or the design of the driver circuit. Both visible and 

invisible flicker can negatively impact visual performance, eye strain, and 

neurological comfort if not adequately controlled. A flicker threshold of at least 120 

Hz is generally recommended to prevent discomfort in office spaces (ANSI/IES RP-

10-20, 2022). 

LED lighting has become the predominant choice for office environments due 

to its energy efficiency, long lifespan, high-quality light, and advanced digital 

control capabilities (Raggiunto et al., 2019). Compared to incandescent and 

fluorescent lamps, LED fixtures consume significantly less power, resulting in 

reduced maintenance and energy costs. 
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Additionally, LED dimming plays a crucial role in adjusting both CCT and 

spectral output, particularly in adaptive lighting systems. One method for achieving 

precise spectral tuning is the use of RGBW LED systems, which incorporate a 

dedicated white LED alongside red, green, and blue LEDs. Unlike traditional 

mixed-color dimming, RGBW configurations enhance spectral stability, enabling 

more efficient white light production while maintaining color uniformity and 

consistency across various dimming levels (Shlayan et al., 2008; Rybalochka et al., 

2022). 

This capability is particularly valuable in architectural lighting applications, 

where maintaining stable and high-quality illumination is crucial for visual comfort 

and optimal task performance. For this study, a Rubik LED Tunable White fixture 

with an RGBW system was selected to provide dynamic lighting conditions, 

ensuring controlled variations in CCT and illuminance while maintaining high 

energy efficiency and visual comfort. 
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Appendix 2. Reflectance Calculation Using Luminance Ratios. 

Equation: 

𝑃𝑠𝑢𝑟𝑓𝑎𝑐𝑒 =  
𝐿𝑠𝑢𝑟𝑓𝑎𝑐𝑒 ×  𝑃100%

𝐿100%
 

Where: 

𝑃𝑠𝑢𝑟𝑓𝑎𝑐𝑒: Reflectance on the Targeted Surface 

𝑃100%: Reflectance of 100% Reflectance Surface 

𝐿𝑠𝑢𝑟𝑓𝑎𝑐𝑒: Luminance of the Targeted Surface 

𝐿100%: Luminance of 100% Reflectance Surface 
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Appendix 3. Experiment Instruction Crad – Reference used for participants during 

the experiment, walking them through the experiment steps. 
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Appendix 4. Experiment LEGO Instructions, including nine structures ranging 

between five to seven pages, numbered alphabetically. 

  

  

 

 

Appendix 4.1. LEGO A Instruction Card. 
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Appendix 4.2. LEGO B Instruction Card. 
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Appendix 4.3. LEGO C Instruction Card. 
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Appendix 4.4. LEGO D Instruction Card. 
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Appendix 4.5. LEGO E Instruction Card. 
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Appendix 4.6. LEGO F Instruction Card. 
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Appendix 4.7. LEGO G Instruction Card. 

 

 

 

 

 



95 

 

  

  

  



96 

 

 

 

Appendix 4.8. LEGO H Instruction Card. 
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Appendix 4.9. LEGO I Instruction Card. 
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Appendix 5. Test Room Lighting Fixture Spec Sheet - Rubik's LED Recessed - 

Tunable White from MARK ARCHITECTURAL LIGHTING. 
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Appendix 6. Excel Randomization Functions for Light Scenes and LEGO Structures. 

 

“=SORTBY(VSTACK(1, 5, 9, INDEX(SORTBY(SEQUENCE(6, 1, 1, 1), 

RANDARRAY(6)), SEQUENCE(3))), RANDARRAY(6))” 

 
Appendix 3.1. Randomly Shuffle a List of Fixed and Randomly Selected Numbers for Light Scenes: 

This Excel function combines fixed numbers (1, 5, 9) with three randomly selected numbers from 1 to 

6, then shuffles the complete set using random sorting. 

 

“=INDEX(SORTBY(CHAR(SEQUENCE(9, 1, 65, 1)), RANDARRAY(9)), 

SEQUENCE(6))” 

 
Appendix 3.2. Generate and Randomly Select from Alphabet Subset for LEGO Structures: This Excel 

function creates a list of the first nine letters of the alphabet, randomly shuffles them, and then 

selects the first six from this randomized set. 
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Appendix 7. The Detailed Table Outlining the Randomization of Light Scenes and 

LEGO Structures for All Cultural Groups (United States (Colorado), Saudi Arabia, 

and India). 

 

Appendix 4.1. United States (Colorado) Light Scenes and LEGO Structures Randomization. 

 

 

 

 

 

U.S.
US1 P1 P2 P3 P4 P5 P6

Scene LEGO LEGO LEGO LEGO LEGO LEGO
7 I A D H E H
3 E D C C F C
9 A C G A I I
5 F H B B A D
6 H E I E D G
1 D I A I G A

US2 P1 P2 P3 P4 P5 P6
Scene LEGO LEGO LEGO LEGO LEGO LEGO

9 H G C A A A
1 B C I I H E
8 A F H G D D
6 D I G F C G
5 G H D B F B
4 C A A D E I

US3 P1 P2 P3 P4 P5 P6
Scene LEGO LEGO LEGO LEGO LEGO LEGO

6 D B A A H C
9 C C I E G E
1 I I G F I A
4 A H C D C F
5 E A B H F I
8 G D H I A B

US4 P1 P2 P3 P4 P5 P6
Scene LEGO LEGO LEGO LEGO LEGO LEGO

2 I D C C F I
9 D E D I D H
1 C I B H A B
4 F C A F E D
5 B G H E H E
6 G F I A I A

US5 P1 P2 P3 P4 P5 P6
Scene LEGO LEGO LEGO LEGO LEGO LEGO

7 G H C E D F
2 D B F D E E
6 F G D C F B
1 E C B H I D
9 C A A G G A
5 I D H F B H
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Appendix 4.2. Saudi Arabia Light Scenes and LEGO Structures Randomization. 

 

 

 

 

 

 

 

 

 

 

Saudi Arabia
SA1 P1 P2 P3 P4 P5 P6

Scene LEGO LEGO LEGO LEGO LEGO LEGO
1 I E D F I A
4 F B A B A B
9 E H F A E I
5 D C B H C D
2 B D E E H E
6 C G I I F G

SA2 P1 P2 P3 P4 P5 P6
Scene LEGO LEGO LEGO LEGO LEGO LEGO

1 G I D B D E
5 F F C A E H
4 A C A E F C
2 D A H F C A
9 I D I I A G
6 C E G G G B

SA3 P1 P2 P3 P4 P5 P6
Scene LEGO LEGO LEGO LEGO LEGO LEGO

6 F F B I D G
4 H A D D H I
5 B E F B E D
7 A H G F G E
1 C G C H I A
9 E I E A B B

SA4 P1 P2 P3 P4 P5 P6
Scene LEGO LEGO LEGO LEGO LEGO LEGO

1 E H C F F B
4 F B I D G G
5 D D A I I C
9 C I H E D I
6 A F G A C H
3 G A E B A E

SA5 P1 P2 P3 P4 P5 P6
Scene LEGO LEGO LEGO LEGO LEGO LEGO

1 C A F A F D
2 F I G D I F
5 G F C I A C
9 E E A F E I
4 I C I C D G
8 H B E G B A
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Appendix 4.2. India Light Scenes and LEGO Structures Randomization. 

 

 

 

 

 

 

 

 

 

 

India
IN1 P1 P2 P3 P4 P5 P6

Scene LEGO LEGO LEGO LEGO LEGO LEGO
5 G C F A F F
3 H G B E H G
9 I I G F G A
1 C A A B C I
6 F E C D D H
7 A D D C B E

IN2 P1 P2 P3 P4 P5 P6
Scene LEGO LEGO LEGO LEGO LEGO LEGO

5 F F I B H F
2 D G G A I D
8 G A H D C H
7 I C E C F A
9 E E C G B C
1 H I F C A I

IN3 P1 P2 P3 P4 P5 P6
Scene LEGO LEGO LEGO LEGO LEGO LEGO

7 B G F F I F
9 D A G B A I
5 C I H C H E
1 E B C E B C
8 H C A I E A
4 A F B A C G

IN4 P1 P2 P3 P4 P5 P6
Scene LEGO LEGO LEGO LEGO LEGO LEGO

1 I B C H I D
9 E C A E F B
5 A E G D H H
2 B G E A B G
4 G F H B D E
3 C I B I E I

IN5 P1 P2 P3 P4 P5 P6
Scene LEGO LEGO LEGO LEGO LEGO LEGO

1 I E D F I A
5 F B A B A B
7 E H F A E I
8 D C B H C D
3 B D E E H E
9 C G I I F G
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Appendix 8. DMX Controller – SLESA-U9 from NICOLAUDIA ARCHITECTURE. 
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Appendix 9. Experiment Informed Consent Document. 
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Appendix 10. Pre-Experiment Phase, Demographic Questionnaire - Only questions 

with a star were included in the final study for the data analysis. 

Q1 - Name (First & Last) 

Q2 - CU Email Address 

Q3 - What is your age? 

*Q4 - What is your gender (Male/Female/Other)? 

*Q5 - List the countries and cities where you have lived throughout your life (e.g., 

Lisbon, Portugal (2021 - 2023) 

Q6 - If you are a student, what is your major? 

*Q7 - Do you wear eye correction devices such as contacts or glasses? 

*Q8 - Do you have any visual impairments (e.g., YES- color blindness, low vision, 

cataracts) or NO? 

Q9 - Are you prone to dizziness or lightheadedness in different lighting situations 

(e.g., change in light intensity and light color)? 

Q10 - Are you religious? If so, state your religion. If not, or if you prefer not to 

answer, use N/A. 

Q11 - Do you have any lighting design knowledge? 

Q12 - When do you feel most active, in the morning or evening? 

Q13 - What hours of the day do you typically wake up and go to sleep? (##:## AM or 

PM & ##:### AM or PM). 

Q14 - How would you describe your sleep quality? 

Q15 - How would you describe your current lighting setup in your work or study 

space (high/low light levels, white or yellow light colors)? 
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*Q16 - How many minutes/hours were you exposed to sunlight before arriving at 

the laboratory (Answer before arriving at the experiment)? 

*Q17 - Sleep Recommendation For optimal performance during the experiment, it is 

recommended that each participant get at least seven hours of sleep per night in the 

week leading up to their scheduled experiment. Compliance with this 

recommendation is optional. Answer YES to complete the form. 
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Appendix 11. Pre-Experiment Phase, PANAS-SF One-Day Mood Log. The mood log 

also included a section for recording sleep hours. 
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Appendix 12. Experimental Phase – 7-Point Likert Scale Experiment Questionnaire 

answered after each light scene indicating preference. Only questions with a star 

were included in the final study for the data analysis. 
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Appendix 13. Pre-Experiment Phase Demo LEGO Structure. The structure is shown 

in the experiment instruction video.  
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Appendix 14. Konica Minolta T-10A Illuminance Meter Brochure. 
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Appendix 15. Konica Minolta CL-500A Illuminance Spectrophotometer Brochure. 
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Appendix 16. Konica Minolta LS-150 Luminance Meter Brochure. 
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Appendix 17. Visual Performance Task Data Analysis Process. 
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Appendix 18. Light Preference Data Analysis Process. 

 



144 

 

 



145 

 

 



146 

 

 



147 

 

 



148 

 

 



149 

 

 



150 

 

 



151 

 

 



152 

 

 



153 

 

 



154 

 

 



155 

 

 



156 

 

 



157 

 

 



158 

 

 



159 

 

 



160 

 

 



161 

 

 



162 

 

 



163 

 

 



164 

 

 



165 

 

 



166 

 

 



167 

 

 



168 

 

 



169 

 

 



170 

 

 
 

 

 

 



171 

 
Appendix 19. Visual Performance & Light Preference Correlation Data Analysis 

Process. 
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Appendix 20. Light Preference Exhaust CHAID Splits (Classification Tree). 

 


