GLARE
Glare is one of the worst topics in lighting, in terms of the quality of explanation to be found in text books.

Depending upon the source of your information, you will find definitions such as:

Discomfort Glare

Disability Glare

Veiling Glare

Reflected Glare

Direct Glare

Indirect Glare

and so on.

The main problem with the definitions of the performance decrement caused by glare is that they often simply consider the physical configuration, and do not take into account the physiological reason for the effect.  Often, the only difference between the “different” types of glare is the way the light is produced or reflected, and as far as the actual effect on visual performance is concerned this is irrelevant.  For example, a light shining directly into the eye will have exactly the same effect whether it is seen directly or seen through a mirror, as long as the size, position and luminance of the two are the same. Here, it clearly makes no sense to describe one in terms of its direct effect on the eye, and the other in terms of being reflected.
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The following is a short collection of pieces I have written about glare.  As they were written for different purposes, you may notice a little overlap.
This is the text of an article that appeared in The Safety and Health Practitioner (Ergonomics 1999 supplement, July)

Lighting in the workplace - a glaring problem?

Peter Howarth

We normally think of ‘light’ in very positive terms, and our vocabulary reflects this. We say that we have ‘seen the light’ when something becomes apparent, and if someone looks happy and joyful we say that their face ‘lights up’. There are good reasons for thinking of light in such glowing terms, and generally the more light there is the better our eyes perform. Conversely, a lack of light can spell danger, and cricket fans will recognise that the reason ‘bad light stopped play’ was because the batsman needed protection. However, although visual performance improves with light level, it’s not always the case that the more light there is the better, and this article looks at the problems for health and safety that light can produce. 

Light is a form of electromagnetic (e-m) radiation, like radio waves, microwaves, infra-red and ultra-violet. What differentiates it from other forms of e-m radiation is that our eyes are sensitive to it (specifically to the range of wavelengths that we call the ‘visible spectrum’) whereas they are not sensitive to other wavelengths. As a consequence we can ‘see’ light whereas we can’t see, for example, radio waves. However, many of these other types of electromagnetic radiation can affect the body, but only if they are absorbed by it. Radio waves aren’t absorbed by the body (although one hears stories of people with fillings in their teeth ‘picking up’ radio stations) unlike microwaves. the absorption of microwaves by tissue means that food can be cooked using this type of radiation - there is no direct heat energy involved, but rather the absorption of the energy raises the temperature of the food. In the same way, ultra-violet radiation can be absorbed by the front surface of the eye - leading to painful red eyes for skiers who do not wear eye protection - and infra-red radiation can be absorbed by the lens. There is an interesting comparison here between infra-red and microwaves, in that infra-red radiation does actually ‘cook’ the lens. The lens is made up of protein, like the white of an egg, and when it is ‘cooked’ it turns from clear to cloudy, resulting in a cataract.

The fact that we can see light, and so we know it’s there, doesn’t mean that this radiation cannot harm us. There are really two negative issues to consider. First is the physical damage that can be caused by light, and second is the unpleasant physiological effects from glare. We can view the damage that can occur in the context of the way that the eye works. We ‘see’ the light because within the eye we have cells that are sensitive to this range of electromagnetic radiation. This sensitivity comes about because the cells contain photopigment - chemicals that can exist in two forms depending upon whether they have recently absorbed light or not. The absorption of light changes the form of the photochemical, and this change triggers neural events that eventually lead to sight. These photosensitive cells are constantly renewing themselves, and so generally do not suffer damage. The exception to this is when very high intensities of radiation are used, and this is something about which we need to be particularly aware with the upcoming eclipse over Europe. Hospital Casualty Departments see a number of cases of eye damage whenever eclipses occur because people are unaware of how dangerous the sun’s radiation can be. When the moon covers the sun, the world goes dark. As a response to this reduction in light level, our pupils open up to let more light into the eye. When the sun emerges from behind the moon, the enlarged pupils allow much more radiation (light) into the eye than would normally happen, causing an eclipse-shaped burn to the retina.

Turning now to the second issue, that of glare. The term is used in situations where light affects the person adversely, and generally it is used to define a property of the light source, rather than the physiological effect it has. In some ways, this is unfortunate, because glare can have two distinct effects on the person, it can cause discomfort and it can decrease visual performance. These different effects are brought about by different mechanisms within the body, and as a consequence the discomfort and the disability are actually independent even though they will usually occur together. We can see this independence by considering, first, that a fluorescent light reflected from a VDU may make the text underneath it invisible but the reflection is unlikely to cause any discomfort, and second, that an identical tube placed above the VDU may cause discomfort without affecting the person’s ability to read the screen.

This distinction between disability and discomfort is crucial in understanding the effects of glare. For example, it is likely that age will affect the genesis of discomfort differently from that of disability because of the different mechanisms involved. 

Disability from glare

Much of the early work on ergonomic aspects of the visual environment was concerned with lighting and visibility - how much light was needed to perform certain tasks, and the relative importance of luminance, contrast, and task size. In tandem with this work came investigations of the disabling effects of lighting, and it was found that the degradation of visual performance is caused by a reduction of contrast. This can occur in two ways, either directly, by reducing the contrast between an object and its background (i.e. directly affecting the visual task), or indirectly, by affecting the eye.

The reflection of the sun onto the dashboard of a car provides an example of direct disability glare Although the luminance of both the object (the figures on the speedometer) and the background (the surrounding dial) are raised by the addition of extra light, this increase is by the same amount. Proportionally, the difference between the task and the background is reduced, and thus the visual task is degraded because there is a reduction in contrast between them. In the same way, if you look through a misted-up windscreen the whole scene looks grey and washed out. Both luminance contrast and colour contrast are diminished - blacks and whites both look like shades of grey, and colours seem ‘washed out’.

Indirect disability glare affects the eye and not the visual task. It is seen, for example, when a car approaches at night with its headlights on full beam and causes the eyes to be dazzled (this is often accompanied by discomfort glare). In this scenario, the disability is caused by a reduction of retinal image contrast caused by light scattering within the eye and also the raised adaptation level of the eye as the car approaches. Disability is further prolonged as the eye takes time to re-adapt to ambient light levels when the car has passed. 

What can be done about identifying disability glare? Although on the face of things, it may seem an easy matter to determine whether there is a disability problem (because things will be difficult to see) the issue may actually be one of annoyance rather than straightforward disability. The reflection of something in a VDU can detrimentally affect performance because it is annoying even though the items on the screen may still be visible. VDU work is particularly interesting in this context, because the screen is self-luminous (unlike a piece of paper) and its surface often produces sharp reflections. Here an increase in ambient light levels can increase disability glare, and reduce visual performance, whereas the same increase might be expected to improve visual performance of a paper-based task. 

Discomfort from glare

The discomfort from glare can be thought of as a protective mechanism of the body - the light produces an aversive response in order to bring about a withdrawal from the danger. At low levels of glare people will often report annoyance rather than discomfort per se. Although overall performance can be affected by this annoyance, generally visual performance will be unaffected. At higher levels of glare physical discomfort is reported, rather than annoyance, and this can be accompanied by disablement, as described above.

One of the difficulties that researchers in this area face is the fact that they cannot determine the sensation of discomfort that a person is experiencing, they can only record the report of the discomfort. In some ways this would seem to be of little consequence, as it is the report that indicates how unhappy the person is with the glare, and lighting design should aim to reduce these reports. However, in terms of evaluating the issue and looking for remedies, it is crucial. 

Much of the pioneering work examining discomfort was performed in the context of the built environment. Probably the most startling finding from this early research was that there are very large individual differences in the amount of discomfort reported by different people exposed to the same physical stimulus. Environmental conditions that are close to intolerable for one person may seen perfectly reasonable to another, in the same way that one person can feel cold and another can feel warm under identical thermal conditions. As well as the large variation in reported discomfort within the normal population, an additional variation is included when people with clinical conditions are included. Photophobia, an aversion to light, is a condition experienced by, amongst others, albinos (who are devoid of protective pigmentation) who report that light causes them extreme discomfort.

The situation becomes even more complicated when one discovers that not only will different people report different amounts of discomfort for the same configuration of lights, but the same person will provide different reports of discomfort for the same light configuration on different occasions. 

One question that has vexed (and is still doing so) researchers is that of the origin of the discomfort. Although we know how changing the physical conditions can improve, or worsen, the discomfort we still don’t know where it comes from. Unlike the mechanisms underlying the pain felt when touching a hot cooker, for example, those underlying the pain felt in and around the eyes remain a mystery. Early researchers thought that the muscular activity accompanying glare - by which the cheeks and brow are furrowed, and the eyelids narrowed, as shown in the illustration - led to the discomfort. This idea no longer holds sway, and these facial contortions are now thought to be a response to the bright light rather than a cause of the discomfort. Subsequent theories of the genesis of the discomfort now implicate the iris of the eye (which contains pain receptors) or suggest that retinal overload is the cause.

Although the physiological mechanisms underlying the discomfort are not fully understood, the way in which variation in the physical environment can alter discomfort is well documented.

Discomfort is increased as:

1) the luminance of the glare source is increased

2) the luminance of the background is reduced

3) the size of the glare source is increased

4) the glare source is moved closer to what the person is looking at.

So what can be done if a person is complaining about the light at their workplace? In a practical situation, how do you know whether discomfort glare is present? In general, assessment is difficult because people are different. However, from a practical point of view a simple way to check for discomfort glare is to have the person shield their eyes from the source with their hand for a few moments, and then take their hand away. The person should not feel any discomfort when their hand is in place, and if they experience some discomfort on removing their hand then glare is present.

If discomfort glare is present what can be done about it? If we look at the four variables above, we can see that moving the glare source away from the person’s line of sight would help the situation, as would reducing its size. However, it’s often the case that neither of these solutions is immediately available, or practical. An alternative, which is completely counter-intuitive given that people are complaining about there being too much light, is to raise the overall light level! Comparing (1) and (2) above, we can see that the issue is one of contrast between the glare source and the background, and an intervention such as painting the walls and ceiling a lighter colour will decrease this contrast. 

Finally, can we explain why people dislike fluorescent lamps so much? Although researchers have concentrated on the flicker that these lamps produce, an alternative explanation to account for this dislike is that these lamps could produce low levels of discomfort glare. The amount of light given off by any one point on a fluorescent lamp is much less than that given off by a point on a conventional light bulb, and to provide enough light on a working surface the tubes need to be much bigger than a light bulb. However, the decreased brightness of the tubes make them a much less obvious source of discomfort than a bare light bulb. It’s unusual to see a bare light bulb, and normally it is surrounded by a shade which spreads the light out and shields the eyes from the naked source. But how many times have you ever seen a fluorescent tube with a lampshade? 

In summary, although in most cases an increase in light level will improve visual performance, often the higher the light level the more critical the positioning and design of the light sources and fittings becomes. Without adequate attention to these details, a change to the lighting environment that is aimed at improving conditions may just have the opposite effect.

P.A. Howarth   19 March 1999
Discomfort Glare

(Check out, in particular, CIE 117-1995.  This is available in the library.)

At low levels of glare people will often report annoyance rather than discomfort per se.  Although overall performance can be affected by this annoyance, generally visual performance will be unaffected.  At higher levels of glare physical discomfort is reported, rather than simply annoyance, and this can be accompanied by disablement (disability glare).

Many attempts have been made to find objective correlates of the discomfort (either as a way of evaluating discomfort glare or as a way of determining the mechanism underlying the discomfort) but there is no escaping the fact that the subjectivity of the discomfort makes one dependent upon the individual reporting their sensations. Probably the most startling finding from early research is that there are very large individual differences in responses to glare. Within the normal population there is a large variation in the discomfort reported by different people exposed to the same physical stimulus.  This range is further extended when people with clinical conditions, such as photophobia (an aversion to light) are included. 

Furthermore, not only will different people report different amounts of discomfort for the same configuration of lights, but the same person will sometimes report different amounts of discomfort for the same light configuration at different times. 

In general, discomfort can be reduced by reducing the contrast between the light source and the background (by either lowering the source luminance or by raising the background luminance), by reducing the size of the glare source, or by moving the glare source away from the line of sight. 

 Although the physiological mechanism which underlies this sensation is not yet understood (Boyce, 1981), the conditions which produce the discomfort have been extensively studied.  The primary source of this work has been the evaluation of indoor environmental conditions which are encapsulated in the Commission Internationale de l’Eclairage (CIE) report 117-1995.

In essence, the discomfort reported varies with the luminance, size and position of the glare source and the luminance of the surround in a known manner.  Although there are significant differences between people in the magnitude of the discomfort they report under given conditions, the human response can be typified in the CIE Unified Glare Rating (CIE, 1995).  The value for the UGR is found from the formula:

UGR =   8   log 10  (  [0.25/Lb ]   [ L 2   ( ( / p 2 ]  )
where 
Lb 
- the background luminance (cd m-2 )

   
- the summation of all of the separate glare sources present

L 
- the source luminance, measured at the observer’s eye (cd m-2 )
( 
- the solid angle of each source at the observer’s eye (steradian) 

p 
- the 'Guth' position index

[Check out CIE 17-1995, in the library, for further details of these terms]

Disability Glare
Disability glare is a degradation of visual performance caused by a reduction of contrast. It can occur directly, by reducing the contrast between an object and its background (i.e. directly affecting the visual task), or indirectly by affecting the eye. 
  
Two examples of direct disability glare are the reflection of the sun from a car dashboard, and the view through a misted up windscreen. When the sun is being reflected on the car dashboard, the luminance of both the object (e.g. the figures on the speedometer) and the background (the surrounding dial) are raised by the addition of extra light, and this increase is by the same amount.  However, proportionally the difference between the figures and the background is reduced, and thus it is harder to read the instrument.  When looking through a misted-up windscreen the world appears as though viewed through a veil. The whole scene looks grey and washed out, as both luminance contrast and colour contrast are diminished.  The physical situation where direct disability glare occurs can be characterised by the fact that the contrast reduction in the visual stimulus could be measured by an instrument. 

The importance of contrast can be seen by considering the fact that stars cannot be seen in the sky on a cloudless day (even though they are still there) because the contrast between them and the rest of the sky is below the person’s contrast threshold for those ambient conditions.  However, when the sun goes down the sky darkens, raising the contrast between the stars and the sky, and the stars ‘come out’. 

Indirect disability glare affects the eye and not the object being viewed. It is seen, for example, when a car approaches at night with its headlights on full beam, causing the eyes to be dazzled. In this scenario, the disability is caused by a reduction of retinal image contrast caused by light scattering within the eye and also by the raised adaptation level of the eye as the car approaches. Disability is prolonged because the eye takes time to re-adapt to the ambient light level when the car has passed. 

The primary factor in determining individual differences in sensitivity to indirect disability glare (affecting the eye) is the age of the person. Although there are many changes that occur within the eye as it ages, the major change in the current context is that of scatter.  The increase in scattering with age and disease can be compared with the increase in dust in the atmosphere after a volcano eruption, and the consequence of the additional scatter is an increase in the disabling effect of a light shone into the eye. 

In general, disability glare can be reduced by lowering the luminance of the glare source.  Other remedies are generally specific to the particular situation, and the context of the disability. 

(Check out, in particular:  http://www.optometry.co.uk/articles/20020419/smith20020418.pdf)

A reflection in a VDU screen can reduce the contrast between an item on the monitor and its background by raising the luminance of both.  In this situation the effect of the glare source, the contrast reduction, can be measured directly using a photometer.  However, a strong reflection could also affect the eye rather than the task, and this glare effect on the eye has long been recognized (e.g. Holladay, 1926,1927; Stiles, 1929,1930).  In such a situation, it is the visual performance reduction that is indicative of the glare effect (by the contrast reduction in the retinal image) rather than any aspect of the task itself. The results of the seminal investigations of the effects of glare on visual performance performed by Stiles and by Holladay were accepted by the Commission Internationale de l’Eclairage (CIE), and the Stiles-Holladay disability glare formula is now widely accepted. CIE report 31 (1976) treats disability glare as essentially an issue of equivalent veiling luminance, which means that the effect of a disability glare source can be calculated by determining the performance decrement it produces in terms of the effective contrast reduction in the task. 

The Stiles-Holladay formula has been refined recently, and Vos and van den Berg (1997) have proposed modifications to the CIE formula to take into account the observer’s age and eye colour.  The data of Ijspeert et al (1990) shows that a cataract-free person of 70 years of age will suffer twice as much from veiling glare as a young person.

A glare calculation can be found in Smith’s article (url above) 
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