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ABSTRACT: Previous research has shown that contrast sensitivity improves progressively as 
adaptation luminance is increased. This paper examines a way of simulating effect of change of 
adaptation luminance upon contrast sensitivity. Matlab was used in simulation and 14 pictures were 
simulated. 10 pictures of the 14 pictures were processed by Matlab software to filter certain spatial 
frequencies of luminance. 20 subjects were in the experiment answering 14 word lists concerned with 
14 pictures. The most important finding was that effect of change of adaptation on contrast sensitivity 
can be simulated and shown in a direct way. It was concluded that in lighting research, an alternative 
approach for doing experiments can be doing experiments in a simulated environment. It implied that in 
interior lighting design, energy saving should not be an excuse to deprive people's well-being.  
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INTRODUCTION 

Previous research admitted that adaptation was closely related to perception of a lighting environment (Waldram, 
1954; Bellchambers, Lambert & Walsingham, 1969; Rothwell & Campbell, 1987; Shepherd, 1990). Adaptation in 
vision is the process which eyes’ perception of light and colour changes, which allows visual system to operate 
throughout the vast range of luminances. It is the photoreceptors themselves, the light sensitive cells of the retina that 
make the adaptation (Tregenza & Loe, 1998). As an unavoidable light technical parameter, adaptation luminance has 
close correlations with other parameters such as brightness (Lynes, 1971; Yonemura, 1981; Shepherd, 1990; 
Tregenza & Loe, 1998), discrimination ability (Perry, Campbell & Rothwell, 1987; Graham & Sutter, 1996) and 
contrast (Dember , 1960; Xu, 1984; Shepherd, 1990).  

Contrast is a measure of differences in luminances in parts of a scene (although there are contrasts other than 
luminance contrast, for example colour contrast and brightness contrast) (Shepherd, 1990). Our study only examined 
luminance contrast. It can be defined as C=(Lo-Lb)/Lb, where Lo is luminance of an object and Lb is that of 
background. 

Early in 1968, Blackwell H. R. & Blackwell O. M. put forward that contrast sensitivity (the inverse of the minimum 
contrast required for threshold detection) improved progressively as luminance was increased. Figure 1 shows the 
relationship. The meaning of the abscissa is the log background luminance. In Blackwell H R & Blackwell O M’s 
experiments, the background luminance is the adaptation luminance. Later Yonemura (1981) and Xu (1984) agreed 
that smaller contrast differences could be detected at higher adaptation luminances. 
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            Source: (Blackwell H R & Blackwell O M, 1968) 
Figure1: Relative contrast sensitivity for disc targets of different diameters. The values of contrast sensitivity 
are expressed relative to the maximum value which occurs at the highest luminance level, approximately 
900ac/m2.   

The past research about the relationship of contrast sensitivity and adaptation was done in a real environment. 
However, when it is impossible to do experiments in a real environment, simulation offers an alternative method to do 
lighting research (Zhang, Julian & Purcell, 2009). This progressively increased relationship between adaptation 
luminance and contrast sensitivity could be simulated and showed by a group of pictures in a direct way (Zhang, 
Julian & Purcell, 2009). This paper examines a way of simulating effect of change of adaptation luminance upon 
contrast sensitivity. Followed section will use Matlab to simulate a suite of pictures to give range of contract. Some 
spatial frequencies of luminance of each picture will be filtered out to give range of adaptation levels. Then subjects 
will be given a list of words to indicate whether the word can describe the environment of the selected pictures. The 
ultimate aim to do the study is to explore how to bring a better lighting quality to people in lighting design.  

1. SIMULATION 

Matlab 7.0.1 was used in the simulation. Spatial frequencies (SF) of luminance of pictures were filtered in order to 
give range of contrasts. There were two colour pictures shown as follows. Figure 2 was called ‘light-on’ and Figure 3 
was called ‘light-off’.  

 

Figure 2: An office with light on 
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Figure 3: The office with light off. Blinds were used in the office because of glare from windows during 
daytime. It was seen that with blinds, the office looked gloomy, so electric light was on when one was 
working in the office. 

The pictures were processed by Matlab 7.0.1. Picture ‘light-on’ was divided into 20×20 small squares and average 
luminance value of each square was calculated and showed in Figure 4. Then Matlab filtered out luminance spatial 
frequencies to produce the set of pictures shown in Figure 5. The <0.013 means that Matlab retained SFs less than 
0.013, etc. Colour information was removed. A similar process was done on the night-time “light-on” picture (see 
Figure 6).  

 

Figure 4: Average luminance value of each square of picture ‘light-on’ 

 

Figure 5: Filtered Figure 2 photographs with cut-off SFs shown 
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Figure 6: An comparison of SF of luminance filtering at night 

2. EXPERIMENT 

2.1. The pictures 
The sequences of the 14 pictures for different subjects were randomly selected in the experiment. The following table 
gave details of the pictures: 

Table 1: Details of 14 pictures in the experiment 

light SF of 
luminance 

condition light SF of 
luminance 

condition 

electric 
light on, 
sky light 

from 
windows 

full 

1   

electric 
light on,  
no sky 
light 

full 

8   

electric 
light off, 
sky light 

from 
windows 

full 

2   

electric 
light off, 
no sky 
light 

full 

9   

electric 
light on, 
sky light 

from 
windows 

≤0.02 

3   

electric 
light on,  
no sky 
light 

≤0.02 

10  

electric 
light on, 
sky light 

from 
windows 

≤0.017 

 4  

electric 
light on,  
no sky 
light 

≤0.017 

11  
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light SF of 
luminance 

condition light SF of 
luminance 

condition 

electric 
light on, 
sky light 

from 
windows 

≤0.015 

5   

electric 
light on,  
no sky 
light 

≤0.015 

12  

electric 
light on, 
sky light 

from 
windows 

≤0.013 

6   

electric 
light on,  
no sky 
light 

≤0.013 

13  

electric 
light on, 
sky light 

from 
windows 

≤0.01 

  7  

electric 
light on,  
no sky 
light 

≤0.01 

14  

 

2.2. The questionnaire 
The subjects were given a list of fifty-three words and were asked to respond on a ‘yes’ or ‘no’, to indicate whether 
they thought the word could describe the environment. The words were listed in random order. The fifty three words 
were selected from the work of Flynn et al (1973, 1978, 1979) and Shepherd (1990). They were applicable to many 
aspects of the room, not just the lighting. The following table gives one permutation of the word lists used. 

Table 2: One sample of word lists in the experiment 

words yes no words yes no 
cold    uninviting   

negative   warm   
disturbing   noisy   
shaded   dim   
inviting   sterile   
even   sunny   

undisturbing   glaring   
cheerful   complex   
positive   interesting   

quiet   formal   
gloomy   spacious   

cosy   details indistinct   
stark   light   

pleasant   non-glaring   
comfortable   non-uniform   

adequately lit   balanced   
mottled   sombre   
simple   enclosed   
dark   unpleasant   

glossy   uncomfortable   
uniform   depressing   
subdued   monotonous   
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bright   objects obscure   
unbalanced   details distinct   

informal   inadequately lit   
uneven   objects clear   
diffuse       

Source: (Flynn et al, 1973, 1978, 1979; Shepherd, 1990) 
 

2.3. Subjects 
In order to describe the pictures without misunderstanding the words, the subjects selected were all native English 
speakers. 12 female and 8 male joined the experiment. One female subject was aged 56, and the others were aged 
22-30.   

2.4. Procedures 
Each subject made judgments for the 14 pictures. The order of presentation of 14 lighting conditions was randomized 
across each group of subjects. Each subject was given a separate word list for each picture. 

2.5. Results 
Each subject made judgments for the 14 pictures. The order of presentation of 14 lighting conditions was randomized 
across each group of subjects. Each subject was given a separate word list for each picture. Sixty percent of the 
subjects chose conditions 5, 6, 7, 9, 12, 13 and 14 as gloomy. Previous research maintained that gloom was a 
negative experience which was related to negative emotion, and which could be described as dim or dark. Gloom has 
occurred in the lighting literature from the late 1950s to describe rooms that appear to be “inadequately lit” or “dim” or 
“not bright”. Examples include work by Lynes (1971) Yonemura (1981), Julian (1987), Julian (1988), Shepherd (1990) 
and Lam (1992). But from the results above, gloom was different from dim or dark. For example, sometimes when 
subjects chose ‘gloomy’, they didn’t chose ‘dim’. But the experience of gloom appears to be a consistently negative 
one, neither bright, nor enjoyable and people may feel unsafe, uncertain and depressing. 

In our experiment, which is gloomy and which is not in the 14 conditions? The K-Means Cluster Analysis (SPSS) was 
used in data analyses. There were 2 clusters: one was conditions 1, 3, 4, 8, 10 and 11; and the other was conditions 
2, 5, 6, 7 9, 12 13, and14.  

It can be seen that no matter during daytime or at night, an office with electric light on was judged brighter than that 
with light off. Subjects judged objects clearer, details more distinct, and environment more inviting with light on than 
with light off. It was also shown that the less SF of luminance in pictures, the more obscure and more indistinct 
subjects felt, which meant that contrast sensitivity improved progressively as adaptation luminance was increased. 
When electric lights were off, no matter during daytime or at night, subjects judged conditions as gloomy. With light 
on, if SF of luminance was less than 0.015, conditions were judged as gloomy. If SF of luminance was more than 
0.017, conditions were judged as non-gloomy. 

The ANOVA (≤0.001) results for the 12 most popular words based on 2 clusters were: adequately lit, bright, dark, 
details distinct, dim, gloomy, inadequately lit, light, object clear, object obscure, shaded, and uninviting. 

3. DISCUSSION 

Other cluster analyses were done on the whole set of 53 words giving 4 clusters. A similar analysis was then 
conducted on the 12 most popular words (Table 3).  

It was clear that the first 5 words ‘adequately lit’, ‘bright’, ‘details distinct’, ‘light’ and ‘object clear’ had generally 
opposite meanings to the last 7 words  ‘dark’, ‘dim’, ‘gloomy’, ‘inadequately lit’, ‘object obscure’, ‘shaded’ and 
‘uninviting’. It can be seen that the numbers of the first 5 words chosen by subjects in clusters 1 and 2 were much 
smaller than those in clusters 3 and 4; while the numbers of the last 7 words chosen in clusters 1 and 2 were much 
bigger than those in clusters 3 and 4. For each of the first 5 words, the number in cluster 3 was the biggest, followed 
by the numbers in clusters 4, 2 and 1. For each of the last 7 words, the number in cluster 3 was the smallest, followed 
by the numbers in clusters 4, 2 and 1. For the first 5 words, each number in cluster 2 was bigger than that in cluster 
1, while for the last 7 words, each number in cluster 2 was smaller than that in cluster 1. For the first 5 words, each 
number in cluster 3 was bigger than that in cluster 4, while for the last 7 words, each number in cluster 3 was smaller 
than that in cluster 4. All in all, the numbers of each word in clusters 1 and 2 were evidently different from those in 
clusters 3 and 4.  

Table 3: The 12 most popular words in 4 clusters (after arrangement) 

word/cluster 1 2 4 3 
the first 5 words smallest ------------------------largest 

adequately lit 2 5 12 18 
bright 0 4 10 15 

details distinct 4 8 10 16 
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light 2 6 10 18 
object clear 4 7 13 17 
last 7 words largest -----------------------smallest 

dark 17 11 4 1 
dim 18 16 7 3 

gloomy 16 13 7 3 
inadequately lit 18 14 7 1 
object obscure 17 11 7 3 

shaded 18 15 9 6 
uninviting 17 13 11 6 

 

Clusters 3, 4, 1 could be called bright, lit, and dim. Cluster 2 was very interesting, for it might be the boundary 
between not gloomy and gloomy. Comparing Table 5 with Table 6, clusters 1 and 2 were the same, illustrating the 
steady results of subjects’ experience of gloom. The only difference between clusters 3 and 4 was condition 10. It 
may be judged either bright or lit. Anyway it was an adequately-lit condition.  
 

CONCLUSION 

Our experiment showed a way of simulating effect of change of adaptation on contrast sensitivity: contrast sensitivity 
increased with increasing adaptation luminance. Smaller contrast differences can be detected at higher adaptation 
luminances.  
 
This experiment also produces similar results to Shepherd’s (1990). The aforementioned experiment was done in a 
real environment.   
 
Ultimately, what we want to discuss is lighting design based on the issue of an understanding of gloom. Gloom is a 
negative experience related to inadequate light (Hopkinson & Longmore, 1959; Julian, 1987; Shepherd, Julian & 
Purcell, 1989; Shepherd, 1990; Yonemura, 1991; Lam, 1992; Shepherd, Julian & Purcell, 1992; Zhang, Julian & 
Purcell, 2008). The results of our experiment have some implications in a practical life. One result was that when 
lights were off, no matter during daytime or at night, subjects judged conditions as gloomy. When designing lighting 
for interiors, undue emphasis is sometimes placed on satisfying a sufficient illuminance on the working plane. The 
“energetic” approach to sustainability reinforces that emphasis, often to the detriment of the quality aspects of the 
design (Julian, Zhang & Purcell, 2008). This might be fashionable nowadays and caters to the mantra of energy 
saving. Some lighting designers have taken up the idea of ‘less is more’ and use as little electric light as possible 
during the daytime. Previous attempts at integrating daylight and electric light ran into similar problems. There is a 
considerable risk that interiors will be judged to be inadequately lit (Julian, Zhang & Purcell, 2008). In our experiment, 
though there were big windows in the office, electric lights were still needed in order to meet the satisfaction and 
comfortability of people. Saving energy should not result in a detriment the well-being of people.  
 
We suggested there should be a bridge between lighting for human beings and saving energy. It is very important for 
future research to think about how to solve the dilemma between saving and lighting, as well as day-light and artificial 
lights. 
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