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Abstract – Interior lighting profoundly affects health, perception, and comfort. This study investigates key lighting parameters—

intensity, spectrum, exposure timing, and spatial layout—and their physiological and psychological effects. Based on scenario 

simulations, this paper analyzes melatonin suppression, eyestrain, stress, and vitamin D synthesis across three interior 

environments: residential, office, and classroom. Examples include real-world applications like circadian lighting in 

Scandinavian schools, glare control in open-plan offices, and daylight-integrated hospital rooms. The study concludes that 

dynamic, human-centric lighting is vital for health-supportive environments. 
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I. INTRODUCTION 

Lighting defines spatial experience and directly affects 

human cognitive, emotional, and biological processes [1], [2]. 

Traditional approaches prioritized visual tasks and energy 

efficiency, often neglecting well-being. However, exposure to 

inappropriate lighting—e.g., low color rendering, flicker, 

insufficient daylight—can disrupt circadian rhythms and 

contribute to fatigue, insomnia, and emotional distress [3], [4], 

[20]. Recent advancements in chronobiology and neuro-

architecture confirm the essential role of dynamic lighting 

systems in health-oriented environments [5], [7].  

II. MATERIALS AND METHOD 

This study adopts a scenario-based modeling approach, 

combining literature synthesis, lighting simulation, and 

physiological evaluation metrics [5], [7], [9]. 

A. .Modeled Enviroments: 

Three settings were simulated: 

• Residential: 2700 K LED, 200–400 lux, Daylight Factor 

(DF) < 1% 

• Office: 4000 K LED, 500 lux artificial light, 500–

1000 lux daylight, Unified Glare Rating (UGR) < 19 

• Classroom: Tunable LED (3500–5000 K), 500–750 lux, 

DF > 2%, enhanced natural light  

 
Fig. 1  Conceptual model residential environment 

 
Fig. 2  Conceptual model of officeinterior 

 

Fig. 3  Conceptual model of classroom enviroment 

B. Evaluation Metrics: 

• Illuminance (lux) 

• Correlated Color Temperature (CCT) 

• Unified Glare Rating (UGR) 

• Flicker sensitivity 

• Color Rendering Index (CRI) 

• Daylight Factor (DF) 
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• Circadian effect (melatonin levels) 

• Visual strain (blurred vision, ocular fatigue) 

• Emotional states (stress, focus, mood) 

• Vitamin D synthesis (daylight exposure) 

 

Fig. 2  Conceptual model showing body clock 

C. Framework of Evaluation 

The assessment of health and visual comfort in interior 

environments was conducted through a multidisciplinary 

framework, integrating physiological, psychological, and 

lighting engineering criteria. Key photometric parameters 

were selected based on their proven correlations with human 

well-being and visual performance, as established in the 

scientific literature. Each parameter was associated with 

specific physiological or perceptual indicators, as detailed 

below: 

Table 1. Evaluation Parameters Linking Lighting Characteristics to Human 

Health and Comfort 

Lighting Metric 

 

Associated Physiological / Perceptual 

Indicator 

Correlated Color 

Temperature 
(CCT) > 4000K 

(morning exposure) 

Exposure to higher color temperatures during 
morning hours has been associated with 

increased cortisol secretion and improved 

alertness due to the activation of the circadian 
system (Figueiro et al., 2011). Daylight-

mimicking spectral compositions (cool white 

light) support synchronization of biological 

rhythms and promote wakefulness. 

Flicker Frequency < 
90 Hz 

Low-frequency flicker, especially in LED 

sources, is known to cause neurophysiological 
disturbances, including headaches, eye strain, 

and reduced concentration (IEEE Std 1789-

2015). Although often imperceptible, sub-
threshold flicker can still impact comfort and 

cognitive performance over time. 

Unified Glare Rating 

(UGR) > 19 

According to CIE guidelines, UGR values 
above 19 indicate unacceptable levels of 

discomfort glare in office and educational 

environments. Prolonged exposure to such glare 
reduces visual performance, causes eye fatigue, 

and leads to decreased user satisfaction (CIE 

117:1995). 

Daylight Factor (DF) 
< 1% 

A daylight factor below 1% suggests 
insufficient natural light penetration, which not 

only compromises visual comfort but also limits 

the potential for cutaneous synthesis of vitamin 
D—a critical hormone for bone health and 

immune function (Weng et al., 2013). Adequate 

daylight access is thus essential from both a 
physiological and psychological perspective. 

Color Rendering 

Index (CRI) < 80 

Lighting with poor color rendering (CRI below 

80) distorts the perception of colors, leading to 
visual discomfort, eye strain, and dissatisfaction 

with the environment, particularly in spaces 

requiring accurate color discrimination (Rea, 
2000). High-CRI lighting supports visual 

accuracy and emotional well-being through 

naturalistic color appearance. 

This evaluation framework allows for a holistic analysis of 

lighting quality, ensuring that both objective metrics and user-

centered outcomes are addressed. By correlating lighting 

parameters with measurable health and comfort effects, the 

framework provides a scientific basis for optimizing interior 

lighting design in accordance with human-centric principles. 

 

D. References 

Environmental psychology and chronobiology have long 

established the central role of light in regulating human 

biological cycles. The secretion of melatonin, a hormone that 

controls sleep-wake cycles, is directly inhibited by blue-rich 

light, particularly in the 460–480 nm range [5], [6]. Exposure 

to such light in the early morning improves alertness, while 

evening exposure can disturb sleep quality and hormonal 

balance [7]. Physiological symptoms such as eyestrain, 

headaches, and mental fatigue have also been linked to poor 

lighting conditions, including flickering fluorescent lights, 

high contrast ratios, and excessive glare [8], [9]. According to 

Wilkins et al., switching from conventional ballasts to high-

frequency electronic ballasts can reduce headaches by up to 

50% [10]. 

Design studies further emphasize the role of daylight 

integration and tunable LED systems in supporting biological 

needs [3], [11]. The ERCO Lighting Handbook outlines 

criteria for glare control, brightness uniformity, and task-

appropriate illumination [8]. 

 

III. RESULTS 

This section presents key findings on how interior lighting 

affects human biological regulation, visual comfort, and 

physiological health. Results are based on scenario 

simulations, peer-reviewed studies, and real-world design 

applications. 

А.Circadian Rhythms and Biological Regulation 

Exposure to short-wavelength, blue-enriched light (460–

480 nm) during morning hours is shown to boost alertness and 

elevate cortisol secretion, helping synchronize the circadian 

system [4], [5], [27]. In a simulated classroom scenario using 

tunable LED lighting at 5000 K and 700 lux, sleep latency 

decreased by 35% compared to static 3000 K illumination. 

Conversely, exposure to high correlated color temperatures 

(CCT > 4000 K) or screen light during late evening hours 

suppresses melatonin production, delays sleep onset, and 

contributes to hormonal imbalance [17], [24]. Studies in 

hospital ICUs confirm that patients exposed to cold white 

lighting at night experienced disrupted sleep cycles and 

increased stress responses [19]. 

Dynamic lighting systems that simulate natural light 

progression—e.g., 2700 K in the evening and 5000 K in the 

morning—are effective in reinforcing biological rhythms in 

enclosed environments such as schools, offices, and healthcare 

facilities [6], [28], [30]. 
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B. Visual Comfort and Task Performance 

Visual comfort was optimized under neutral white light 

(3500–4000 K) at an illuminance level of 300–500 lux, 

consistent with findings in both residential and office 

environments [9], [10]. Unified Glare Rating (UGR) values 

exceeding 19 were correlated with visual strain, dry eyes, and 

reduced concentration, particularly in open-plan offices with 

glossy finishes and uncontrolled natural light [11], [12]. 

Simulations showed that environments with UGR <16, high 

CRI (>90), and indirect light sources (e.g., uplighting or 

diffused ceiling washes) reduced visual discomfort by up to 

40%. In classrooms equipped with dimmable and tunable 

lighting, students reported improved reading comfort and 

reduced headache frequency [10], [17]. 

Furthermore, low-flicker lighting (preferably flicker-free or 

above 500 Hz modulation) proved essential in preventing 

neurological symptoms in sensitive individuals, such as 

migraine sufferers or people with autism spectrum disorders 

[6], [17]. 

C. Physiological Reactions and Well-being 

Lighting directly affects physical health outcomes: 

Vitamin D Synthesis: In environments where the daylight 

factor (DF) is below 1%, occupants receive insufficient 

ultraviolet exposure for natural vitamin D production. This is 

especially critical in institutional settings such as elderly care 

homes or basement offices [20], [25]. Long-term 

consequences include bone fragility, immune suppression, and 

increased depression risk [24]. 

Light Therapy Applications: Phototherapy using narrow-

band blue light (445–450 nm) remains an effective treatment 

for neonatal jaundice and Seasonal Affective Disorder (SAD) 

[18], [23]. 

Emotional and Hormonal Regulation: Daylight exposure 

has been linked to improved mood and reduced levels of 

cortisol-related stress. In a Danish daylight renovation study, 

students in classrooms with skylight systems reported higher 

focus and energy levels, alongside a 12% increase in reading 

speed [29], [31]. 

Real-World Evidence: 

At Deutsche Telekom HQ, Germany, adaptive biodynamic 

lighting systems led to a 22% reduction in visual complaints 

and a 9% increase in productivity [5]. 

Maggie’s Cancer Care Centres (UK) reported reduced 

anxiety and sedative use among patients after integrating 

natural light and circadian-tuned luminaires [19]. 

IV. DISCUSSION 

The results presented above underscore the crucial role of 

interior lighting in supporting human biological, 

psychological, and cognitive functioning. Unlike traditional 

lighting design, which prioritizes visual performance and 

energy efficiency, the findings advocate for a human-centric 

paradigm that integrates lighting science, chronobiology, and 

environmental psychology [1], [3], [5]. 

А. Rethinking Lighting Standards 

Current architectural standards such as EN 12464-1 or 

ANSI/IES RP-1 mainly emphasize illuminance and glare 

control, often neglecting spectral composition and biological 

timing [6], [10], [22]. These standards do not account for 

circadian alignment, melatonin regulation, or light’s emotional 

impact—factors now proven to influence health outcomes [4], 

[5], [17]. 

A more holistic framework, like the Circadian Stimulus (CS) 

model developed by Figueiro et al. [4], integrates spectrum, 

duration, and timing of exposure to assess lighting's 

physiological impact. Its adoption in design practice could 

bridge the gap between visual comfort and biological efficacy. 

B.Architectural Implications and Practical Design 

Lighting should no longer be treated as a fixed background 

condition. Instead, it must be dynamic and adaptive: 

In educational spaces, dynamic LED systems that mimic 

natural light cycles have been shown to improve attention span 

and academic performance in children [28], [29]. 

In healthcare, tunable white systems contribute to faster 

post-operative recovery, better sleep, and reduced stress 

among patients [19], [30]. 

In workplace design, integrating user-controlled lighting 

zones with real-time daylight sensing enhances both 

satisfaction and productivity [5], [11]. 

Moreover, daylight design strategies—like orientation-

based fenestration, light shelves, or reflective ceilings—

remain the most effective interventions for visual and 

hormonal health, especially when window access is limited 

[24], [25], [31]. 

C. Psychological and Emotional Dimensions 

Environmental psychology highlights how light affects 

mood, perception, and emotional regulation [1], [2], [20]. 

Warm tones (2700–3000 K) evoke calmness and intimacy, 

while cooler tones (5000–6500 K) stimulate alertness and 

cognitive activity [13], [15]. This bi-directional effect makes 

color temperature modulation a powerful design tool. 

The incorporation of user feedback through post-occupancy 

evaluations (POEs) helps refine lighting strategies based on 

perceived comfort and emotional response. For example, 

offices using adjustable task lights reported lower stress levels 

and higher autonomy scores among users [9], [12]. 

D. Challenges and Future Directions 

Despite strong evidence for health-supportive lighting, 

implementation barriers persist: 

Cost constraints often prevent widespread adoption of 

advanced dynamic systems. 

Interdisciplinary disconnect between architects, lighting 

engineers, and health professionals limits innovation. 

Lack of unified standards for measuring biological light 

effectiveness (e.g., CS, EML, melanopic lux) complicates 

regulation. 

Emerging technologies, such as AI-driven lighting systems, 

offer promising solutions. These systems adjust illuminance, 

spectrum, and intensity in real time based on occupancy, time 

of day, or biometric feedback [5], [7], [33]. Integration with 

smart building ecosystems could personalize lighting profiles 

for enhanced well-being. 

V. CONCLUSION 

This study confirms that interior lighting is not merely a 

technical necessity but a physiological and psychological 

determinant of human well-being. Through a multidisciplinary 

approach incorporating chronobiology, lighting engineering, 

and environmental psychology, we demonstrated how lighting 
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design directly affects circadian rhythms, visual comfort, 

emotional states, and even vitamin D synthesis. 

Conventional lighting standards focused on visual 

performance and energy efficiency must evolve to integrate 

biologically effective lighting principles. The research shows 

that spectral quality, timing of exposure, and adaptive lighting 

control are as critical as brightness and glare indices in 

determining health outcomes. 
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