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3 Lighting quality  

3.1 Lighting practices and quality in the past: historical aspects 

The use of electrical lighting, even in the industrialised world, is quite recent. Electrical lighting 
began to spread widely with the development and use of the incandescent lamps. The use of 
incandescent lamp reached a large scale at the beginning of the 20th century.   
 
For thousands of years, people relied mainly on daylight and fire (bonfire, torches, candles and oil). 
The fundamentals of lighting at that time were related to the quantity of light that was to provide 
light for people to see and cope in the visual environment also during the dark hours.  
 
Powerful lamps such as fluorescent lamps came to the market in the 1950s with the following 
introduction of high-intensity discharge lamps. The development of powerful bright light sources 
lead to considerations of avoiding glare (using light diffusers, later light louvres). Moving from 
incandescent light sources to discharge light sources raised the issue of color rendering and color 
temperature. Today, LEDs are entering the lighting market and as new light sources they enable 
new approaches to lighting design and practice. LEDs introduce new possibilities for tuning the 
color of light and compared to conventional light sources they are small in size giving also freedom 
for luminaire design. 
 
Today, the variety and number of lighting equipment manufacturers has grown, but the 
fundamentals of lighting remains the same. These are to supply enough light with proper lighting 
distribution in space, with good spectral qualities and little or no glare, at reasonable costs. The 
development of light sources and lighting equipment provides both opportunities and challenges for 
the lighting designers in providing lighting that is not only adequate in terms of quantity, but also 
meets the lighting quality demands.  

 
Figure 3-1. LEDs are used today to provide lighting in versatile applications; ranging  from lighting of office buildings 

to lighting of homes in developing countries. 
 

3.2 Defining lighting quality  

What does lighting quality mean? There is no complete answer to the question. Lighting quality is 
depends on several factors. It depends largely on people’s expectations and past experiences of 
electric lighting. Those who experience elementary electric lighting for the first time, for example, 
in remote villages in developing countries, have different expectations and attitudes towards 
lighting from office workers in industrialized countries. There are also large individual differences 
in what is considered comfortable lighting, as well as cultural differences between different regions. 
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Visual comfort is also highly dependent on the application, for example lighting that is considered 
comfortable in an entertainment setting may be disliked and regarded as uncomfortable in a 
working space (Boyce 2003).  
 
Lighting quality is much more than just providing an appropriate quantity of light. Other factors that 
are potential contributors to lighting quality include e.g. illuminance uniformity, luminance 
distributions, light color characteristics and glare (Veitch and Newsham 1998).  
 
There are many physical and physiological factors that can influence the perception of lighting 
quality. Lighting quality can not be expressed simply in terms of photometric measures nor can 
there be a single universally applicable recipe for good quality lighting (Boyce 2003, Veitch 2001). 
Light quality can be judged according to the level of visual comfort and performance required for 
our activities. This is the visual aspect. It can also be assessed on the basis of the pleasantness of the 
visual environment and its adaptation to the type of room and activity. This is the psychological 
aspect. There are also long term effects of light on our health, which are related either to the strain 
on our eyes caused by poor lighting (again, this is a visual aspect), or to non visual aspects related 
to the effects of light on the human circadian system (Brainard et al. 2001, Cajochen et al. 2005).  
 
A number of different approaches have been suggested to define lighting quality (Bear and Bell 
1992, Loe and Rowlands 1996, Veitch and Newsham 1998, Boyce and Cuttle 1998). The definition 
that seems most generally applicable is that lighting quality is given by the extent to which the 
installation meets the objectives and constraints set by the client and the designer (Boyce 2003). In 
this way lighting quality is related to objectives like enhancing performance of relevant tasks, 
creating specific impressions, generating desired pattern of behaviour and ensuring visual comfort. 
The constraints may be set by the available financial budgets and resources, set time-lines for 
completing the project and possible predetermined practices and design approaches that need to be 
followed.  
 
Lighting quality is also a financial issue which can be best illustrated in the case of the luminous 
environment of work spaces. An assessment in French offices shows that a typical yearly electric 
lighting consumption amounts for about 4 €/m2, and total yearly ownership cost of lighting 
installations is around 8 to 10 €/m2 (Fontoynont 2008). This has to be compared to the yearly cost of 
salaries for the companies, of about 3,500 €/m2, with the hypothesis of an employee costing 35,000 
€/year, requiring about 10 m2 of office space. Thus, average total lighting costs per employee are 
between 80 to100 €/year. Assuming working hours of 1,600 hrs/year, or a cost per hour of 35,000 € 
/1,600 hour = 21 €/hour, it can be seen that the total cost of lighting required by an employee is 
equivalent to 4 to 5 hours of work per year, or 0.3% of the yearly employee costs. This figure 
demonstrates the risk of offering poor lighting environment to the office employees. Poor lighting 
conditions can easily result in losses in productivity of the employees and the resulting production 
costs of the employer can be much higher than the annual ownership cost of lighting.  
 
Thus, any attempt to develop energy efficient lighting strategy should, as the first priority, 
guarantee that the quality of the luminous environment is as high as possible. The results presented 
in this guidebook demonstrate that this is achievable, even with high savings in electricity 
consumption. In the search for highly efficient lighting schemes, it is essential to fully understand 
the detailed lighting specification of given environments. The integration of this knowledge in 
lighting design leads to opportunities to develop win-win scenarios, offering combination of energy 
performance and lighting quality.  
 



3 LIGHTING QUALITY  

 45

3.3 Visual aspects  

3.3.1 Visual performance 

One of the major aspects of the lighting practice and recommendations is to provide adequate 
lighting for people to carry out their visual tasks. Visibility is defined by our ability to detect objects 
or signs of given dimensions, at given distances and with given contrasts with the background (CIE 
1978). In buildings, typical applications include lighting conditions for writing, typing, reading, 
communicating and viewing slides and videos, or performing detailed tasks like sorting products. 
Visual performance is defined by the speed and accuracy of performing a visual task (CIE 1987) 
and visual performance models are used to evaluate the interrelationships between visual task 
performance, visual target size and contrast, observer age and luminance levels (CIE 2002). Light 
levels that are optimised in terms of visual performance should guarantee that the visual 
performance can be carried out well above the visibility threshold limits. Visual performance is 
improved with increasing luminance. Yet, there is a plateau above which further increases in 
luminance do not lead to improvements in visual performance (Rea and Ouellette 1991, CIE 2002). 
Thus increasing luminance levels above the optimum for visual performance may not be justified 
and can on the contrary lead to excessive use of energy. The visual performance aspect and 
consumption of electricity for lighting should be in balance in order to increase energy efficiency, 
not of course, forgetting the lighting quality aspects.  
 

 
 

Figure 3-2. Relative visual performance as a function of background luminance and target contrast.(Halonen 1993) 
 
Ensuring adequate and appropriate light levels (quantity of light) is only an elementary step in 
creating comfortable and good-quality luminous and visual environments. It can be agreed that bad-
quality lighting does not allow people to see what they need to see and/or it can cause visual 
discomfort. On the other hand, lighting that is adequate for visual tasks and does not cause visual 
discomfort is not necessarily good-quality lighting. Also, depending on the specific application and 
case, both insufficient lighting and too much light can lead to bad-quality lighting. 
 
3.3.2 Visual comfort 

There are a number of lighting-related factors that may cause visual discomfort and there is no 
straight-forward path to follow in creating visually comfortable luminous environments (Boyce 
2003, Veitch 1998). The current indoor lighting recommendations give ranges of illuminance values 
for different types of rooms and activities (EN12464-1 2002, CIBSE 1997, IESNA 2000). In 
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addition, guidelines on light distribution in a space, the limitation of glare, and the light color 
characteristics are given. Attention also needs to be paid to the elimination of veiling reflections and 
to the formation of shadows in the space. The recommendations and guidelines concern mainly the 
elimination of visual discomfort, but lighting designer can add on that to provide visual comfort. 
Causes of visual discomfort can be too little light and too much light, too much variation in 
luminous distribution, too uniform lighting, annoying glare, veiling reflections, too strong shadows 
and flicker from light sources. 
 
Color characteristics 

The color characteristics of light in space are determined by the spectral power distribution (SPD) 
of the light source and the reflectance properties of the surfaces in the room. The color of light 
sources is usually described by two properties, namely the correlated color temperature (CCT) and 
general color rendering index (CRI). The color appearance of a light source is evaluated by its 
correlated color temperature (CCT). For example, incandescent lamps with CCT of 2700 K have a 
yellowish color appearance and their light is described as warm. Certain type of fluorescent lamps 
or white LEDs have CCT of around 6000 K with bluish appearance and light described as cool. The 
CRI of the CIE measures how well a given light source renders a set of test colors relative to a 
reference source of the same correlated color temperature as the light source in question (CIE 
1995). The general CRI of the CIE is calculated as the average of special CRIs for eight test colors. 
The reference light source is Planckian radiator (incandescent type source) for light sources with 
CCT below 5000 K and a form of a daylight source for light sources with CCT above 5000 K. The 
higher the general CRI, the better is the color rendering of a light source, the maximum value being 
100. The CIE general CRI has its limitations. The shortcomings of the CRI may become evident 
when applied to LED light sources as a result of their peaked spectra. The CIE (CIE 2007) 
recommends the development of a new color rendering index (or a set of new color rendering 
indices), which should be applicable to all types of light sources including white LEDs. CIE 
technical committee TC1-69 Color rendering of White Light Sources is currently investigating the 
issue.  
 

 
 
Figure 3-3. Light source spectrum, i.e. radiant power distribution over the visible wavelengths, determines the light 
color characteristics. Examples of spectra of an incandescent lamp (CCT= 2690 K, CRI= 99), a compact fluorescent 
lamp (CCT= 2780 K, CRI = 83) and a white LED lamp (CCT= 6010 K, CRI = 78).  
 
The Kruithof effect describes the psychological effects of preferences for varying CCT and 
illuminance level. It proposes that low CCTs are preferred at low illuminances, and high CCTs are 
preferred over high illuminances (Kruithof 1941). The Kruithof effect is not, however, generally 
supported in later studies (Boyce and Cuttle 1990, Davis and Ginthner 1990). It is also suggested 
that color adaptation occurs when people spend certain time in a space, after which it is no more 
possible to compare lamps with different CCT. It is obvious that the color temperature preferences 
of people are culture and climate-related, as well as dependent of the prevailing lighting practices in 
different regions (Miller 1998, Ayama et al. 2002). Recently, it has been suggested that high color 
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temperature light could be used in increasing human alertness (see Ch. 3.5). More research is 
needed to confirm this and to apply these postulates in lighting design.  
 
Uniformity of lighting 

Uniformity of lighting in space can be desirable or less desirable depending on the function of the 
space and type of activities. A completely uniform space is usually undesirable whereas too non-
uniform lighting may cause distraction and discomfort. Lighting standards and codes usually 
provide recommended illuminance ratios between the task area and its surroundings (EN12464-1 
2002, CIBSE 1997, IESNA 2000). Most indoor lighting design is based on providing levels of 
illuminances while the visual system deals with light reflected from surfaces i.e. luminances. For 
office lighting there are recommended luminance ratios between the task and its immediate 
surroundings (EN12464-1 2002, CIBSE 1997, IESNA 2000). Room surface reflectances are an 
important part of a lighting system and affect both the uniformity and energy usage of lighting. 
Compared to a conventional uniform office lighting installation with fluorescent lamps, LEDs 
provide opportunities to concentrate light more on actual working areas and to have light where it is 
actually needed. This provides opportunities to increase the energy efficiency of lighting in the 
future. 
 
Glare 

Glare is caused by high luminances or excessive luminance differences in the visual field. Disability 
glare and discomfort glare are two types of glare, but in indoor lighting the main concern is about 
discomfort glare. This is visual discomfort in the presence of bright light sources, luminaries, 
windows or other bright surfaces (CIE 1987, Boyce 2003). There are established systems for the 
evaluation of the magnitude of discomfort glare, e.g. Unified Glare Rating (UGR) (EN12464-1 
2002), Visual Comfort Probability (VCP) (IESNA 2000), British Glare Rating system (CIBSE 
1997), yet the physiological or perceptual mechanism for discomfort glare is not established. The 
present glare indices are best suitable for assessing discomfort glare induced by a regular array of 
fluorescent lamp luminaries for a range of standard interiors, and there are a number of questions 
related to their application in practice. The possible problems are related to the definition of the 
glare source size and luminance and its immediate background luminance (Boyce 2003).  
 

 
 

Figure 3-4. Luminaires and windows can induce direct glare, while light reflections from glossy surfaces and computer 
screens can induce indirect glare. 

 
LEDs are small point sources with high intensities and arrays of these individual sources can form 
luminaires with very different shapes and sizes. In illuminating the space with LEDs special care 
has to be taken to avoid glare.   
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Veiling reflections 

Veiling reflections are specular reflections that appear on the object viewed and which reduce the 
visual task contrast (CIE 1987). The determining factors are the specularity of the surface and the 
geometry between the surface, observer and sources of high luminance (e.g. luminaires, windows, 
bright walls). Glossy papers, glass surfaces and computer screens are subject to cause veiling 
reflections. In rooms with several computer screens inside the task area special care has to be taken 
in the positioning of the luminaries to avoid luminous reflections from the screens. In using portable 
computers the viewing directions may change in relation to the fixed luminaires and this poses 
further requirements for lighting design. Also, when rearranging the working places and geometry 
of the working conditions, the possible causes of veiling reflections should be avoided in the typical 
viewing directions. With proper lighting design, i.e. positioning of luminaires related to working 
areas, it is possible to achieve the same visibility conditions with less energy than with incorrect 
positioning of luminaires causing veiling reflections to the working area. 
 
Shadows 

Shadows in the space may be negative in obstructing the visibility of certain elements, but they can 
also be positive in creating an attractive and interesting visual environment. Whether shadows are 
considered as visually comfortable or discomfortable depends much on the application.  
 
A good balance between direct light and diffuse light is important in order to see the way light falls 
on objects. In the quest for more parameters of lighting quality, it is worthwhile to study the 
shadows of objects in a deeper way: the light side of an object, the shadow side, the cast shadow 
and the presence of reflected light. This can give more connections between scientific and artistic 
knowledge of lighting qualities. Moreover, for the visual comfort in spaces it is necessary to pay 
more attention to the shadowing, especially for the comfort of elderly people and visually impaired.  
 
Flicker 

Flicker is produced by the fluctuation of light emitted by a light source. Light sources that are 
operated with ac supply, produce regular fluctuations in light output. The visibility of these 
fluctuations depends on the frequency and modulation of the fluctuation. Flickering light is mostly 
as a source of discomfort, except in some entertainment purposes. For some people flicker can even 
be a hazard to health. Flicker from light sources can be minimized by stable supply voltage or by 
using high frequency electronic ballasts with fluorescent and high intensity discharge lamps 
(EN12464-1 2002, CIBSE 1997, IESNA 2000).   
 
3.4 Psychological aspects of light 

People perceive their luminous environment through their eyes, but they process this information 
with their brain. Light scenes are therefore judged in connection with references and expectations. 
The luminous environment can be appreciated in many ways e.g., more or less agreeable, more or 
less attractive, more or less appropriate to the function of the space, more or less highlighting the 
company image. Variations of luminances and colors can strengthen attractiveness, trigger 
emotions, and affect our mood, the impact of lighting depending much on the individuals and their 
state of mind. A lighting installation that does not meet the user’s expectations can be considered 
unacceptable even if it provides the conditions for adequate visual performance. Unacceptable 
lighting conditions may impact on task performance and thus productivity through motivation 
(Boyce 2003, Gligor 2004). 
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3.5 Non–visual aspects of light 

Light has also effects that are fully or partly separated from the visual system. These are called the 
non-visual, non-image forming (NIF) or biological effects of light and are related to the human 
circadian photoreception (Brainard et al. 2001, Cajochen et al. 2005).  
 
The discovery of the novel third photoreceptor, intrinsically photoreceptive retinal ganglion cell 
(ipRGC), in 2002 has raised huge interest both in the circadian biology and lighting research 
communities (Berson et al. 2002). The ipRGC has been found to be the main photoreceptor 
responsible for entraining humans to the environmental light/dark-cycle along with other biological 
effects. It represents a missing link in describing the mechanism of biological effects as controlled 
by light and darkness. Thus, light can be thought of as an external cue that entrains the internal 
clock to work properly. The human biological clock drives most daily rhythms in physiology and 
behavior. These include sleep/wake rhythm, core body temperature, and hormone secretion. It 
passes on information regulating the secretion of almost all hormones, including nocturnal pineal 
hormone melatonin and serotonin, and cortisol. Besides the shifting of the phase of the endogenous 
clock by light, there is evidence of the involvement of the ipRGCs in pupillary reflex, alertness, 
mood, and in human performance (Dacey et al. 2005, Duffy and Wright 2005, Whiteley et al. 
1998). 
 
There is evidence that short-wavelength light is the most effective in regulating the biological clock 
(Brainard and Hanifin 2006, Wright et al. 2001, Thapan et al. 2001). Thus much research is 
currently investigating the possibility to use blue enriched light to affect human responses and 
behaviour like alertness and mood (Gooley et al. 2003, Lehr et al. 2007, Mills et al. 2007, Rautkylä 
et al. 2009). The effect of light on alertness has been much examined, but the mechanism 
explaining the detected reactions still remains unclear.  

 
 

Figure 3-5. Light has both visual and non-visual responses acting through the different retinal photoreceptors and 
tracts in the nervous system. 

 
The biological effects of light and their effects on human performance are not yet very well known. 
A considerable amount of research work is still required before we can understand the non-visual 
effects of light and consider them in lighting practice. Research work is needed to generate an 
improved understanding of the interaction of the effects of different aspects of lighting on 
behavioral visual tasks and cortical responses and on how the biological effects of lighting could be 
related to these responses.  
 

PhysiologyPhysiology
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3.6 Lighting and productivity 

Lighting should be designed to provide people with the right visual conditions that help them to 
perform visual tasks efficiently, safely and comfortably. The luminous environment acts through a 
chain of mechanisms on human physiological and psychological factors, which further influence 
human performance and productivity (Gligor 2004).  

 
Figure 3-5. Luminous environment and human performance. (Gligor 2004) 

 
There have been several field studies on the effects of lighting conditions on productivity. The 
earliest studies were made in the 1920’s (Weston 1922, Weston and Taylor 1926) and indicated that 
lighting conditions can improve performance by providing adequate illuminance for the visual 
tasks. Since then a number of studies have been carried out. Their results are sometimes 
contradictory. For example, a study in clerical office work indicated that an increase in illuminance 
from 500 lx to 1500 lx could increase the performance of office workers by 9% (Hughes and 
McNelis 1978), while another study showed that lower illuminance levels (150 lx) tended to 
improve performance of a complex word categorisation task as compared to a higher level (1500 lx) 
(Baron et al. 1992). A field study in industrial environment measured direct productivity increases 
in the range from 0 to 7.7% due to changes in lighting (Juslén 2007). The literature includes more 
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examples of null results than clear-cut effects of illuminance on task performance, over a wide 
range of illuminance levels and for a variety of complex and simple tasks in office work (Gligor 
2004).   

 
The effect of lighting on productivity is ambiguous. The difficulty in finding the relations between 
lighting and productivity is that there are several other factors that simultaneously affect human 
performance. These factors include motivation, relationships between workers and the management 
and the degree of having personal control to the working conditions (Boyce 2003). With appropriate 
lighting the ability to perform visual tasks can be improved and visual discomfort can be avoided. 
This can provide conditions for better visual and task performance and, ultimately, productivity. 
The difficulty of field studies in working environments is the degree of experimental control 
required. Several studies have investigated the effect of increase in illuminance on task 
performance. However, illuminance is only one of the many aspects in the lighting conditions. In 
making changes to lighting, which lighting aspects are changed (e.g. illuminance, spectrum, and 
luminance distribution) and whether there are other factors that are simultaneously changed in the 
working conditions (e.g. working arrangements, people, supervision of work) need to be controlled 
and analyzed. Recently, several studies are investigating the effects of light spectrum on human 
performance and the possibilities to use blue-enriched light to improve human performance through 
the non-visual effects of light (see Ch. 3.5).  
 
3.7 Effects of electromagnetic fields on health and optical radiation safety requirements 

Lighting equipment and systems produce electric and magnetic fields. The potential effects of these 
fields on human health depend widely on the frequency and their intensity, but the effects of human 
exposure to electromagnetic fields are still not fully known. 
 
Optical radiation may have hazardous effects on human health, eyes and skin. To assess these 
effects the spectral distribution, the size (projected size) of the source and the distance from the 
source at the point of nearest human access need to be defined. The IEC/CIE Standard 62471-1/CIE 
S 009 Photobiological Safety of Lamps and Lamp Systems assesses the optical radiation hazards 
from lamps, an array of lamps and lamp systems (IEC/CIE 2006). All types of electrically powered 
optical radiation sources including LEDs are covered in the standard. Reference measurement 
techniques and a risk group classification system for defining optical radiation hazards are also 
included. The standard provides a basis for evaluation of potential hazards that may be associated 
with different lamps and lamp systems. The IEC Technical Report 62471-2 Guidance on 
Manufacturing Requirements Relating to Non-laser Optical Radiation Safety provides basis for 
safety requirements dependent on risk group classification and related examples (IEC/CIE 2008). 
Similarly to the IEC/CIE standard (IEC/CIE 2006) the ANSI/IESNA Recommended Practice RP-
27.1-05 Photobiological Safety for Lamp and Lamp Systems covers the evaluation of optical 
radiation hazards from all lamps and lamp systems (ANSI/IESNA 2007). 
 
The emerging LED technology brings powerful and high brightness lighting products on the 
market. The wider the field of light (i.e. size of the illumination source) and the brighter (higher 
luminance) of that source, the more potential risk it carries for the retina. The ICNIRP Statement 
(ICNIRP 2000) reviews the potential optical hazards from LED sources and the related standards 
and regulations. It is recognized that the determination of appropriate viewing durations and 
distances under different conditions of usage is needed for any optical radiation hazard assessment. 
The Statement recommends that safety evaluations and related measurement procedures for LEDs 
follow the guidelines for incoherent sources (other than laser). It concludes that the future 
development of application-specific safety standards applicable to realistic viewing conditions will 
reduce the unnecessary concerns regarding LED safety. 
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The photochemical retinal injury is often referred to as the blue light hazard (BLH). CIE TC6-14 
The Blue-Light Hazard has studied the means and methods to evaluate potential BLH. The outcome 
of the TC6-14 work is published under CIE 138-2000 (CIE 2000). The report proposes a technique 
employing the ACGIH (American Conference of Governmental Industrial Hygienists) threshold 
limit value (TLV) for general use. Currently, CIE TC6-57 is preparing a draft CIE standard on the 
definitions and action spectra for two retinal hazard functions used in photobiological safety 
documents. CIE TC6-55 is studying the different methods of assessing the photobiological safety of 
LEDs. This work reviews the known effects from a physiological standpoint and will determine the 
dose relationships that pose a potential risk for eye injury from excessive irradiation. 
 
The European Directive (2006/25/EC) includes minimum health and safety requirements for 
occupational exposure to artificial optical radiation. It introduces measures to protect workers from 
risks related to optical radiation and its effects on health and safety, particularly to the eyes and the 
skin. The Directive provides method to determine biophysically relevant exposure levels for UV-, 
visible and IR-radiation to be compared with given exposure limit values.  
 
3.8 Conclusions: opportunities and barriers 

Light affects human behaviour through various processes and new routes can be found in the future 
through the non-visual effects of light. Light can act as a stimulator (perception, alertness, etc.) or as 
an inhibitor (glare, heart rate variability, etc.). Any choice in lighting design will therefore have a 
consequence, which may sometimes be neglegible, sometimes essential. Increasing the quality of 
lighting does not mean to use more energy. On the contrary, with careful consideration of the 
different lighting factors and with proper lighting equipment, the energy consumption of lighting 
can still be decreased while improving the quality of lighting.  
 
In investigating lighting schemes for energy conservation, it is clear that at the existing level of 
knowledge, both opportunities and barriers in energy efficient lighting strategies can be identified. 

3.8.1 Opportunities 

Indoor lighting design is based largely on providing more or less uniform levels of illuminances in 
the room, while the perception of the luminous environment is related mainly to light reflected from 
surfaces i.e. luminances. Thus innovative lighting design methods could be introduced which give a 
high priority to the quality of the luminous environment as our eyes perceive it. The possible 
obstacles and constraints set by the current regulations for horizontal illumination levels should be 
identified, and ways for designing and implementing more innovative lighting solutions should be 
sought. Compared to conventional uniform office lighting installation with fluorescent lamps, with 
LEDs it is possible to concentrate light more on actual working areas and to have light where it is 
actually needed. This will help to increase the lighting energy efficiency in the future. 
Simultaneously, LEDs can be used to create interesting visual environments with varying 
luminance distributions and shadows when desired.  
 
It is clear that the traditional assessment of light on the basis of visibility is not adequate for 
describing the complex, but undeniable, effects lighting can have on humans. This opens up 
windows for designing healthier living and working conditions for people in the future. The 
findings on the interactions of light and the human circadian system indicate that light can have 
non-visual effects on several human systems including sleep/wake rhythm, core body temperature, 
hormone secretion, alertness and mood. This provides opportunities to design better lighting 
conditions optimised for human performance and well being, with emphasis, for example, on light 
distribution and patterns in space and possibly dynamic light intensity and color. However, 
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considerable research work is still required before we can understand the non-visual effects of light 
and consider them in the lighting practice. The underlying mechanisms of action and the 
quantification of light characteristics, including exact spectral composition, light intensity, exposure 
duration and prior light history remain to be investigated. 
 
Better lighting quality does not necessarily mean higher consumption of energy. While it is 
important to provide adequate light levels for ensuring optimized visual performance, there are 
always levels above which further increases in illuminance do not improve performance. More light 
does not necessarily mean better quality of lighting. Through the use of energy efficient lighting 
products and light room surfaces it is possible to design energy efficient and good quality lighting.  
 
New technologies such as LEDs and OLEDs offer high flexibility in the control of light spectra and 
intensities, which enhance their attractiveness beyond their growing luminous efficacy. The 
increased possibilities to control both the light fluxes and spectra of light sources should allow the 
creation of more appropriate and comfortable luminous environments. Visual comfort requirements 
should benefit from the increase in the supply of light sources and components, leading to better 
control of the luminance distribution. Also, the development of lighting control systems, based on 
presence detection and the blending of electrical light with daylight, can lead to substantial 
increases in energy efficiency.  
 
Daylight is a powerful light source, requiring no energy to produce. Daylight has a continuous 
spectral composition and provides good color rendering. Daylight is usually preferred by people 
working indoors and it can enhance motivation and can be linked to human circadian rhythms 
(Dehoff 2002). Daylighting techniques should offer new opportunities for lighting systems in 
buildings. Care has to be taken in utilizing daylight in indoor lighting to control it properly in order 
to avoid its glare effects and any veiling reflections resulting from direct or indirect sunlight.  
 
3.8.2 Risks 

Reduction of the size of light sources (compact HID lamps, LEDs) may lead to increased risk of 
glare. Standards and recommendations should be adapted accordingly.  
 
The recent findings on the biological effects of light may induce temptations to use blue enriched 
light in indoor lighting in order to affect human responses. However, a considerable number of 
research work is still required before we can understand the non-visual effects of light and consider 
them in the lighting practice.  
 
The possible adverse effects of light on health should be understood before using light to increase 
alertness and productivity in shift-work. For example there is hypothesis that regular bright light 
exposure at night-time is associated with increased likelihood of breast cancer (Stevens et al. 1997). 
More research is required on the effects of night-time light exposure on human health and 
performance.  
 
Photons in the blue range of light are more powerful than the ones in the red range, leading to 
possible hazards associated with blue light when not controlled properly. The intensity of the short 
wavelength light, the viewing distance and the viewing duration are the determining factors here.  
 
Energy conservation measures may lead to the risk of poor lighting environment to the office 
employees. Poor lighting conditions can easily result in losses in productivity of employees and the 
resulting production costs of the employer can be much higher than the annual ownership cost of 
lighting. 



3 LIGHTING QUALITY  

 54 

References 

 
ANSI/IESNA (American National Standard Institute/ Illuminating Engineering Society of North America), 2007. 
ANSI/IESNA RP-27.1-05: Recommended Practice for Photobiological Safety for Lamp and Lamp Systems – General 
Requirements. Illuminating Engineering Society of North America Web Store 10 June 2007. 
 
AYAMA, M., ELOHOLMA,  M., HYVÄRINEN,  M., EDA, T., KON, D., MUKAI, K., KANAYA, S., HALONEN, L., 
2002. Whiteness Perception in Japanese and Finnish under Cool and Warm Fluorescent Lamps. In: CHUNG, R. Y.,  
RODRIGUES, A. B. J. ed. Proceedings of the 9th Congress of the International Color Association, New York, 24-29 
June 2001.  Washington: SPIE (The International Society for Optical Engineering) 4421, 279-282. 
 
BARON, R.A., REA, M.S., DANIELS, S.G. 1992. Effects of indoor lighting (Illuminance and spectral power 
distribution) on the performance of cognitive tasks and interpersonal behaviour: the potential mediating role of positive 
affect, Motivation Emotion, 16, 1-33. 
  
BEAR, A.R., BELL, R.I., 1992. The CSP index: a practical measure of office lighting quality. Lighting Research ant 
Technology 24 (4), 215-225.  
 
BERSON, D.M., DUNN, F.A., MOTOHARU, T. 2002. Phototransduction by retinal ganglion cells that set the 
circadian clock. Science, 295(5557), 1070-1073. 
 
BOYCE, P. R., 2003. Human Factors in Lighting.  2nd ed. London and New York: Taylor & Francis. 
 
BOYCE, P. R., CUTTLE, C., 1990. Effect of correlated color temperature on the perception of interiors and color 
discrimination performance, Lighting Research and Technology, 22 (1), 16-36. 
 
BOYCE, P. R., CUTTLE, C., 1998 Discussion of Veitch J.A. and Newsham G.R., Determinants of lighting quality I: 
State of the Science. Journal of the Illuminating Engineering Society 27 (1),  92-106. 
 
BRAINARD, G.C., HANIFIN, J.P., GREESON, J.M.,  BYRNE, B., GLICKMAN, G., GERNER, E., ROLLAG, M.D., 
2001. Action spectrum for melatonin regulation in humans: Evidence for a novel circadian photoreceptor. The Journal 
of Neuroscience, 21(16), 6405-6412.  
 
BRAINARD, G.C., HANIFIN, J.P., 2006. Photons, clocks, and consciousness. Journal of Biological Rhythms, 20 (4), 
314-325 
  
CAJOCHEN, C., MÜNCH, M., KOBIALKA, S., KRÄUCHI, K., STEINER, R., OELHAFEN, P., ORGÜL, S.,  
WIRZ-JUSTICE, A., 2005. High Sensitivity of Human Melatonin, Alertness, Thermoregulation, and Heart Rate to 
Short Wavelength Light. The Journal of Clinical Endocrinology et Metabolism 90 (3), 1311–1316. 
 
CIBSE 1997. CIBSE Code for interior lighting 1994: Additions and corrections 1997. ISBN 0 900953 64 0. 
 
CIE (Commission Internationale de l’Éclairage), 1978. A  unified framework of methods for evaluating visual 
performance aspects of lighting. CIE 1978; 19-2. 
 
CIE (Commission Internationale de l’Éclairage), 1987. CIE/IEC. International Lighting Vocabulary. CIE 1987; 17: 4.  
 
CIE (Commission Internationale de l’Éclairage), 2000. CIE Collection in Photobiology and Photochemistry. CIE 2000; 
138. 
 
CIE (Commission Internationale de l’Éclairage), 2002. The correlation of models for vision and visual performance. 
CIE 2002; 145. 
 
DACEY, D.M., LIAO, H.W., PETERSON, B.B., ROBINSON, F.R., SMITH, V.C., POKORNY, J., YAU, K.W., 
GAMLIN, P.D., 2005. Melanopsin-expressing ganglion cells in primate retina signal color and irradiance and project to 
the LGN. Nature 433, 749-754. 
 
 DAVIS, R.G., GINTHNER, D.N., 1990. Correlated color temperature, illuminance level and the Kruithof curve. 
Journal of the Illuminating Engineering Society 19 (1) 27-38. 
DEHOFF. P., 2002. The impact of changing light on the well-being of people at work. Proceedings of Right Light 5,  



3 LIGHTING QUALITY  

 55

347-351. 
 
DUFFY, J.F., WRIGHT, K.P., 2005. Entrainment of the human circadian system by light. Journal of Biological 
Rhythms, 20(4), 326-338. 
 
EN 12464-1, 2002. Light and lighting – Lighting at work places – Part I: Indoor Work Places, European Standard. 
ISBN number: 0580411281. 
 
European Directive 2006/25/EC, 2006. On the minimum health and safety requirements regarding the exposure of 
workers to risks arising from physical agents (artificial optical radiation). Official Journal of the European Union, L 
114, 38-59. 
 
FONTOYNONT, M., 2008. Long term assessment of costs associated with lighting and daylighting techniques. Light 
and Engineering, 16 (1), 19-31. 
 
GOOLEY, J.J., LU, J., FISCHER, D., SAPER, C.B., 2003. A broad role for melanopsin in nonvisual photoreception, 
The Journal of Neuroscience, 23, 7093–7106. 
 
GLIGOR, V., 2004. Luminous environment and productivity at workplaces. Thesis (Licentiate), Helsinki University of 
Technology, Espoo. 
 
HALONEN, L.,1993. Effects of lighting and task parameters on visual acuity and performance. Thesis for the degree of 
Doctor of Technology, Helsinki University of Technology, ISBN 951-22-1845-3. 
 
HUGHES, P.C., MCNELIS, J.F., 1978. Lighting, productivity, and the work environment. Lighting Design + 
Application, 8 (12), 32-39. 
 
ICNIRP (International Commission on Non-Ionizing Radiation Protection), 2000. Statement on Light-Emitting Diodes 
(Leds) and Laser Diodes: Implications for Hazard Assessment. Health Physics 78 (6): 744-752  
 
IEC(International Electrotechnical Commission), 2006. Photobiological Safety of Lamps and Lamp Systems. Dual 
IEC/CIE Standard IEC 62471-1/CIE S 009. 
 
IEC(International Electrotechnical Commission), 2008. Photobiological safety of lamps and lamp systems. Part 2. 
Guidance on manufacturing requirements relating to non-laser optical radiation safety. 
 
IESNA (Illuminating Engineering Society of North America) 2000. The IESNA Lighting Handbook, 9th ed. New York: 
IESNA. 
 
JUSLÉN, H., 2007. Lighting, productivity and preferrd illuminances – field studies in the industrial environment. 
Thesis (PhD). Helsinki University of Technology.  
 
KRUITHOF, A.A., 1941. Tubular Luminescence Lamps for General Illumination. Philips Technical Review, 6 (3), 65-
96. 
  
LEHR, S., GERSTMEYER, K., JACOB, J.H., FRIELING, H., HENKEL, A.W., MEYRER, R., WILTFANG, J., 
KORNHUBER, J. and BLEICH, S., 2007. Blue light improves cognitive performance. Journal of Neural Transmission, 
114 (4), 457-460. 
 
LOE, D.L., ROWLANDS, E., 1996. The art and science of lighting: a strategy for lighting design. Lighting Research 
and Technology 28 (4), 153-164.  
 
MILLER, N.J., 1998. A recipe for lighting quality, Proceedings of the First CIE Symposium on Lighting Quality. CIE 
x015, 40-47. 
 
MILLS, P.R., TOMKINS, S.C., SCHLANGEN, J.M., 2007. The effect of high correlated color temperature office 
lighting on employee wellbeing and work performance. Journal of Circadian Rhythms, 5, 2. 
 
RAUTKYLÄ, E., PUOLAKKA, M., TETRI, E., HALONEN, L. 2009. Correlated color temperature and timing of light 
exposure; their effects on daytime alertness in lecture environments, to be published in Journal of Light and Visual 



3 LIGHTING QUALITY  

 56 

Environment. 
 
REA, M.S., OUELLETTE, M.J., 1991. Relative visual performance: a basis for application. Lighting Research and 
Technology 23 (3), 135-144. 
 
STEVENS, R.G., WILSON, B.W., ANDERSON, L.W., 1997. The melatonin hypothesis: breast cancer and the use of 
electric power, Columbus, OH Battelle Press.  
 
THAPAN, K., ARENDT, J. SKENE, D.J., 2001. An action spectrum for melatonin suppression: evidence for a novel 
non-rod, non-cone photoreceptor system in humans. The Journal of Physiology, 535 (1), 261- 267.   
 
VEITCH, J.A., NEWSHAM,G.R., 1998. Determinants of lighting quality I: State of the Science. Journal of the 
Illuminating Engineering Society 27 (1),  92-106. 
 
VEITCH, J.A., 2001. Psychological processes influencing lighting quality. Journal of the Illuminating Engineering 
Society 30 (1), 124-140.  
 
WESTON, H.C., 1922. A study of the efficiency I fine linen-weaving, Industrial Fatigue Research Board, Report No. 
20, London.  
 
WESTON, H.C.,TAYLOR, S.K., 1926. The relation between illumination and efficiency in fine work (type-setting by 
hand), Final Report of the Industrial Fatigue Research Board and the Illumination Research Committee, London.  
 
WHITELEY, S.J.O., SAUVE, Y., AVILES-TRIGOEROS, M., VIDAL-SANZ, M., LUND, R.D., 1998. Extent and 
duration of recovered pupillary light reflex following retinal ganglion cell axon regeneration through peripheral nerve 
grafts directed to the pretectum in adult rats. Exp. Neurol, 154, 560-572. 
 
WRIGHT, H.R., LACK, L.C., PARTRIDGE, K.J., 2001. Light emitting diodes can be used to phase delay the 
melatonin rhythm. Journal of Pineal Research, 31, 350-355. 
 
 


