



































































































































































































































































































































































































































































































































































































































































































































































































































Table 1 Mean and standard deviation glare indices associated with levels of glare discomfort from images

Discomfort glare from interesting images 333

and neutral screen

IES

UGR
Neutral screen Image Neutral screen Image
Mean SD Mean SD Mean SD Mean SD
Picture A :
Just noticeable 20.2 7.26 29.1° 3.97 92 b
Just uncomfortable 26.3° 7.79 342° 328 ﬁéé ;ég gé; §§3
Just intolerable 32.6° 5.63 38.0° 430 346 5.69 40.0° 430
Picture B ' .
Just noticeable 26.5° 6.49 33.0° 350 285° 6.49 35.0° 3.50
Just uncomfortable 34.1° 5.58 385° 330 362° 5.56 405° 332
Just intolerable 41.3 3.29 425° 288 433 3.31 445 288
Picture C
Just noticeable il 5,82 29.5° 4,54 29.1° 5:33 31.5° 4.54
Just uncomfortable 34.8 3.08 34.6 4.29 36.8 3.08 36.6 4.29
Just intolerable 40.0 2.45 39.7 3.78 42.0 2.45 41.7 3.76
Picture D
Just noticeable 23.7° .22 25.9° 5.26 25.78 7.22 27.9° 5.26
Just uncomfortable 31.4 528 Sl Bila 33.4 5.23 ST 518
Just intolerable S 3.89 36.9 4.06 39.1 3.89 38.9 4.06

2Highly significant difference between pair of mean values (P <0.01) in t-test:

PSignificant difference (P<0.05).

images becoming incrementally brighter.
Glare ratings and indices were computed
from these luminances, the angular dimen-
sions and the measured background Iumi-
nance using the equations:

0.25 «— 2w
UGR = 8 log|—— S
g[ Lb Z PZj'
L§.6w0.8
GI =10 log 0.478 Zﬁ
94

I, is source luminance (cd/m?), L, is back-
ground luminance (cd/m?), w is subtended size
of sources (steradians), p and P are dimension-
less position factors.

Table 1 shows the mean and standard devia-
tion of the two glare quantities for all four
images and their equivalent neutral screens.
The glare rating or index at which a threshold
was reported tended to be higher when the
source was an image than when a matching
neutral screen. A matched-pair 7-test finds this
difference to be significant across all degrees of

glare threshold in the two images ranked high-
est in interest; in three of the six cases the result
was highly significant (P <0.01). With the
other two 1mages there was a significant differ-
ence only at the ‘just noticeable’ level.

The effect of interest on glare sensation may
diminish as glare becomes more intense.
Figure 3 plots the image luminance at which
each subject reached a threshold (y-axis)
against the neutral screen luminance (x-axis)
at which the subject reported the same degree
of glare. All four images are included. The
diagonal line is the null hypothesis: no differ-
ence between the mean image luminance at
which a given degree of glare was reported and
that of the neutral screen which caused the
same response. The shorter lines are linear
least-square interpolations of the separate
data from the three levels of discomfort. The
trend lines become almost horizontal at low
image luminance, indicating that the UGR
would be a poor predictor of glare discomfort
there.

We conclude that, under some conditions at
least, the sensation of discomfort glare is very

Lighting Res. Technol. 37,4 (2005) pp. 329-341
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Figure 3 Comparison between luminance of blank screen causing glare and luminance of image causing the same level of
glare. The higher the y-axis (image) value above the diagonal line the greater the glare tolerance of the image

likely to be affected by image content of a
glare source. We note some factors specific to
this experiment that affect interpretation of
the results:

First, a uniform source was compared
with one that varied in luminance and
colour. If a small uniform screen is com-
pared with an image of the same size and
same mean luminance that varies in bright-
ness across the surface, both glare formulae
predict that the non-uniform image would
produce a higher glare index because L; has
a higher exponent than . Waters et al.,'®
confirmed this experimentally for sources on
which the subject’s eyes were fixated (as in

this case) but found the opposite effect with -

peripheral sources. The differences in Table 1
between image and blank screen glare GI

Lighting Res. Technol. 37,4 (2005) pp. 329-341

and UGR values are likely therefore to be
conservative.

Second, although the eight stimuli (four
images, four neutrals) were presented in ran-
dom order, the thresholds were determined
with each source increasing incrementally in
Juminance. This was done to control adapta-
tion and to avoid error occurring from very
bright sources and low luminance sources
being seen in succession; it was also the
procedure used by Hopkinson.’”?® The
UGR and GI thresholds found are not
necessarily those that would be found in other
presentation sequences but this does affect the
conclusions.

--We note also that the use of a larger number
of subjects in this experiment might have
yielded more significant cases.
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2.4 Experiment II: discomfort glare and
images of natural scenes

2.4.1 Aim

The images used in the first experiment were
by no means typical of views from windows.
Having found that image content can affect
discomfort glare, Experiment IT was used to
assess images of outdoor scenes which by scale
and perspective could be views from a build-
ing. The aim was twofold: to confirm the first
results using a larger group of subjects and a
different test procedure; and to find out
whether some types of scene have a greater
effect on discomfort glare than others.

It has been reported by several authors
that natural views are more interesting than
urban or man-made views. It has also been
advocated that a view should include the
nearby ground,'®! so that with the middle
distance and sky there are three strata of
interest. The earlier work seemed thus to
provide some testable hypotheses and this
conclusion was reinforced when, in another
preliminary test, conducted in the same way as
that preceding Experiment I, subjects ranked
some pictures of outdoor views more highly
than others. The most highly scored were
natural scenes containing some form of water
and the sky.

10-12

2.4.2 Matched pairs

To minimize variance between subjects, the
experimental design used matched pairs of
images. After the preliminary test, 10 pairs of
slides were prepared for four cases:

1) a natural view mstead of an urban or
man-made environment;

2) the presence of water in a natural view;

3) the presence of visible sky in a natural
View;

4) the presence of nearby ground surface in
a natural view.

The images of each pair were chosen and
digitally edited to be similar in subject,

Discomfort glare from interesting images 335

composmon hue distribution, colour satura-
tion, size and mean lummance one Image
contained the test item, the other the ‘control
image’, did not. The 20 i 1mages of the natural—
urban set are illustrated in Flaure 4,

The expenmental setting and pre-test pro-
cedure were as in the ﬁrsl experiment. There
were 24 subjects, equal numbers of men and
women, all university students aged between
18 and 31 years but varying in nationality and
cultural background. Spectacles were worn by
50% of both men and women but no other eye
defects or colour-blindness were reported.

The image pairs were presented on two
screens, both maintained at mean luminance,
8650 cd/m?; the background lighting was held
constant to give a spatial mean luminance of
65 cd/m?. Subjects were instructed to fix their
view on a point midway between the screens,
and were asked to say which of the two images
was the more uncomfortable.

The four sets of images were presented in
each session. Within the sets the pairs were
presented 1n a randomized sequence, rando-
mized also between the two screens.

2.4.3 Results

There were significant differences in glare
response between test image and control
image in three of the four sets. These are
shown in Table 2, which gives the number of
subjects who chose each 1mage.

On a %’ test, the results from all four sets
indicate a h1ghly significant difference from
the null hypothesis of equal probability.
With independent binary choices, as used in
the experiment, the cumulative binomial dis-
tribution provides a more direct and discrimi-
nating one-tailed test. Applying this to the
totals of each set of pairs in Table 2, it 1s found
that for three of the sets there is a highly
significant probability that choice of images
with the specific feature differed from the null
hypothesis of equal preference. The three sets
were [natural view: urban view], [natural view
with water: natural view without water],
[natural view with foreground; natural view

Lighting Res. Technol. 37,4 (2005) pp. 329-341
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Natural Urban

Natural

Figure 4 The 10 pairs of images of the natural-urban view set

without foreground]. The result was just below
significance for the fourth set of pairs (with
and without sky).

We conclude that elements of natural scenes
in an image may alleviate the sensation of
discomfort glare and that descriptive terms
such as ‘water’ and ‘ground’ may represent
significant factors. The images were complex
views and each set included different ways in
which the item occurred (such as, for water:
sea, lake, waterfall, river); and, because there
were some pairs of images not consistent with
the overall result for each set, there is clearly
scope for larger experiments with a multi-

Lighting Res. Technol. 37,4 (2005) pp. 329-341

factorial design. We note also that the screens
lay outside the subjects’ central visual field
and peripheral effects of non-uniform illumi-
nance may have occurred; but because the
number of subject-choices in each set was
large (240) and the views were presented
randomly in pairs, this i1s unlikely to have
systematically affected the outcome.

3. Discussion

The results show that interest in the image
content of a bright source can be associated



Table 2 Number of subjects (out of 24) choosin
given feature
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g Image as less glaring in paired comparison test of images with and without a

Image pairs 1 2 3 4
Natural ~ Urban Ngtural Ngtural Natural Natural Natural with Natural without
with water without water  with sky without sky foreground foreground
28 1 16 8 {5 9 17
11 13 21 3 g 21 16 ;
5 5 16 8 117 7 12 12
22 2 112 12 12 12 14 10
7 17 1) 5 11 13 24 0
6 18 9 5 4 20 21 3
22 2 22 2 21 3 11 13
20 4 14 10 15 9 11 1S
18 6 7 1% 13 11 8 16
20 4 20 4 1] 9 19 5
Totals 1542 86 1567 84 131 109 1532 87

®Highly significant difference between pair of total values (P <0.01) in the cumulative binomial distribution with number of trials

10 x24, P=0.5.

with an increased tolerance of discomfort
glare. They support Hopkinson’s conjecture”
and, with particular reference to screens, add
to the observation by Markus®’ quoted in
Boyce® that ‘people frequently sit for hours
in front of a television set by free choice
even though it should, according to the
formula, be producing intolerable glare’.

It follows that, if a glare source contains
some information regarded as interesting,
the degree of discomfort predicted by stan-
dard glare index formulae 1s likely to be an
overestimate. The results do not, however,
indicate whether the increased tolerance is a
short-term effect, which may fade after
prolonged viewing, or one that persists;
and this unknown affects the immediate
practical implications of the findings.

Current knowledge of the mechanisms of
discomfort glare is incomplete;** this inhibits
any generalization of the results but we found
no indication that the effect is peculiar to
small sources. If an association between image
content and glare could not have been found
in a highly controlled laboratory test it would
be unlikely that real windows would show a
measurable effect. This, however, was not the

case so the results strengthen the hypothesis
that the nature of a window view is a factor
affecting the sensation of discomfort from the
window.

The work has brought together two lar-
gely independent streams of research: dis-
comfort glare and preferences for window
views. The finding that images of natural
scenes 1nvoke less glare discomfort than
urban 1mages supports the work of Ul-
rich,w‘nﬁ Tennessen and Cimprich,'? and
Orland.”” Knowing that simple descriptors
like ‘water’, ‘sky’, ‘ground’, and ‘view stra-
tification’ are related to decreased glare
sensitivity may be useful in eventually giving
practical guidance on window design. Con-
versely, the finding that a decrease in glare
discomfort 1s an indicator of interest in a
view may provide a useful objective tool in
research on view content.

While the patterns of the results are
consistent and their implications important,
it 1s necessary to note two particular limita-
tions of the experiments. First, the subjects
participating were university students, a
group of subjects distinctive in age-range
and educational backgrounds. Second, the

Lighting Res. Technol. 37,4 (2005) pp. 329-341
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stimuli in this study were not actual lumi-
naires or windows, and the setting was
artificial; extension of the results into a
real situation remains conjectural. These
provide a clear programme for the next
stage of research.
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Discussion

Comment 1 on ‘Discomfort glare from
interesting images’ by N Tuaycharoen
and P Tregenza

Al Slater (Building Research Establishment,
Garston, Watford, Herts, UK)

This study of glare has revealed new properties
that could be particularly significant in real
world circumstances. It has demonstrated that
the sensation of discomfort glare caused by
‘Interesting’ images containing a wide range of
luminances is different from that caused by
neutral uniform images of the same average
luminance. But 1s this really a result of the
‘interest’ content of the image or could this
difference in sensation be a result of the wider
range of luminances contained in the complex
images? A future study that compared an
‘interesting’ image with an ‘uninteresting’
mmage of, say, random dots but covering a
similar range of luminances would address
this 1ssue.

The subjective glare responses shown in
Figure 3 demonstrate the wide range of scatter
usually associated with subjective studies. The
fitted lines appear to show a deviation from
the null hypothesis, but statistical analysis of
the data to provide some measure of the
scatter would be helpful in showing how
important the difference is likely to be under
practical situations in real buildings.

The second experiment presented matched
pairs of images to the viewer. Although these
were matched for many parameters, including
average luminance, it is not stated in the paper
whether the range of luminance contained in
each image of the pair was also matched. If
not, it could be that the image with the highest
maximum luminance was found to be the
most glaring.

As mentioned in the paper, within each .set
of pairs, for some pairs the image containing
the test item was more often found to be more
glaring, and for some pairs the image without
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the test item was found to be more glaring.
For example, in the ‘natural view: urban view’
set, for six of the pairs more subjects found the
natural view to be less glaring than the urban
view, but for the other four pairs more subjects
found the urban view to be less glaring. It may
be that aspects of the content of the images
other than their interest are important here.
There is clearly much here for further study.

This paper has given a useful insight into
the sensation of glare in a laboratory setting
and some pointers to effects in the real world.
The images used were similar in size to
computer screens. It would be interesting to
speculate whether the results could also ex-
plain why users of screens often seem relatively
unconcerned about reflected images or large
luminance variations when they are trying
to view images with significant ‘interesting’
content.

Comment 2 on ’‘Discomfort glare from
interesting images’ by N Tuaycharoen
and P Tregenza

MP Wilson (Director of Low Energy Archi-
tecture Research Unit, School of Architecture
and Interior Design, University of North Lon-
don, London, UK)

This paper deals in particular with the impact
of images and the content of those images on
glare. Its real impact, acknowledged by the
authors, however will be in the contribution to
the understanding of glare from windows. If
interesting mmages are less glaring than others
then a window with a view would be likely to
be less glaring than an equivalent window of
diffusing glazing. And that might be viewed as
less glaring than an equivalent bank of
fluorescents behind diffusing glass because
the light level will be constantly changing
where the diffusing glass 1s lit by daylight.
There is interest and information. A ‘view’
may be traditionally interesting in terms of the
images used in this research but any view to
the outside will contain information as to the
weather outside and thus has some interest.

Lighting Res. Technol. 37,4 (2005) pp. 329-341
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The impact of this changing view on
window glare may be that glare is not the
main consideration in the daylighting design
of windows (apart of course from the actual
level of daylight). As long as opportunity is
given to orientate one’s work station there is
no reason to believe that one would not make
adjustments to find the visually most comfor-
table position. This has severely limited pre-
vious work where the glare was evaluated from
a position determined by the experimental set
up. There is other evidence, from the PhD
thesis of Y Sutter' that a very high level of
daylight glare can be tolerated, as long as the
veiling reflections on VDU screens, diffuse
and specular, are controlled (more disability
glare than discomfort). One explanation is
that the occupants are ‘adapting’ their envir-
onment to minimize the glare through simple
orientation. The reflection of TFT and plasma
screens 1s much lower than those of CRT
screens and as the brightness of screens
increases it may be that the next controlling
factor may be the potential glare of the screens
themselves balanced by the veiling reflection
from the window. The authors themselves
mention the very high glare values of TV
screens.

Reference

1 Sutter Y. Etude analytique et experimentale du
pilotage de stores venitiens en vue d'obtenir des
conditions de confort visuel optimales dans le cas
du travail sur ecran de visualisation. PhD thesis,
Vaulx-en-Velin, France, ENTPE, 2003, 160 p.

Authors’ response to Al Slater and MP
Wilson
N Tuaycharoen and PR Tregenza

We are grateful for these valuable comments,
unerringly aimed at the difficult topics.

Mr Slater raises the possibility of comparing
meaningful images with random patterns. In a

Lighting Res. Technol. 37,4 (2005) pp. 329-341

pilot for the first experiment we tested i 1mages
not only against blank screens of the same
mean lurmnance but also against two other
series of slides in which the information in the
Image was successiv ely degraded—first to
grey-scale images, and second to ‘meaningless’
patterns where the grey-scale elements of the
Images were randomly dispersed. Although we
obtained consistent results comparing images
with uniform screens, we did not do so with
subjects’ responses to the intermediate slides.
From discussion it was clear that subjects were
finding interest in random patterns.

In the second experiment we did match
Image pairs on their overall pattern of light
and dark as well as their mean luminance, so
the maximum brightness was approximately
the same across each pair of slides. This is
crucial to interpretation of the results; so on
receiving Mr Slater’s perceptive comment we
re-examined the data and, taking slides where
there was a measurable difference, we tested
the association between maximum luminances
and choice. There was not a significant
relationship so we conclude that our pairing
of images was adequate.

The point 1s important, though. In a later
experiment we have compared subjective as-
sessments of glare from larger sources, screens
of the same mean luminance but with geo-
metric patterns of different degrees of con-
trast. The screens with the brightest elements,
the highest contrast within the figure, were
chosen as the most glaring; this emphasises
that mean luminance alone 1s not an adequate
parameter in assessments of glare from large
area sources.

We concur with Professor Wilson that glare
from a window is in practice less likely to be
troublesome than unsatisfactory brightness
relationships within the working area but
note that in tropical climates very bright sunlit
surfaces can occur. We would be reluctant to
squeeze more out of the results shown in
Figure 3 without a larger number of subjects.

It 1s clear that much more testing
i1s necessary. Having shown that the sensa-
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tion of glare is modified by a subjective
response to the content of a scene, the central
questions are:

1) What is the mechanism—it is merely
distraction? Is it more than a short-term
effect?

2) What view content is effective? What is
meant, for example, by ‘natural™?

It would have been surprising if the experi-
ments had given different results. There is a
very large literature about analogous situa-
tions: we know, for example, that whether a
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noise source is even noticed depends on a
person’s relationship with the source; that
d1straction can mask pain; that the provision
i a surgical ward of a natural view is
associated with measurable benefits such as
higher recovery rates and lower rates of
analgesic use.

The study gives evidence in a new context
that photometric values alone are inadequate
criteria of lighting quality: quite apart from
matters of satisfaction or preference, the
experience of discomfort cannot be predicted
accurately with solely physical parameters.

Lighting Res. Technol. 37,4 (2005) pp. 329-341
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