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Abstract 
 
The report presents the results from a full-scale study carried out at the room laboratory 
at the Faculty of Architecture and Fine Art at the Norwegian University of Science and 
Technology, Trondheim, Norway and some data from the Vision and Light laboratory at 
Tambartun National Resource Centre, which is a part of The National Support System 
for Special Education (Statped). 29 adults participated. Participants were chosen from 
the three following groups: people having diagnosis retinitis pigmentosa (RP - known as 
tunnel vision), and people with very high sensitivity for light: ocular albinism (OA) and 
aniridia (AN). In addition a group of subjects with normal vision participated.  
 
The study was divided into a daylighting part and an artificial lighting part. 
 
In the daylighting part participants visited 4 small rooms having equal size, nearly equal 
furniture but different window size. Participants were asked to: evaluate the rooms as a 
place for permanent stay, choose the most comfortable sitting position around the table 
and to choose the most comfortable reading position using an armchair standing by the 
window. They were tested with regard to oral reading speed, distance visual acuity with 
and without a glary background and visual field as a function of luminance.  Luminance 
pictures were taken during reading tests. Daylight factor was measured in 12 uniformly 
distributed points in each room before the experiments started. 
 
In the artificial lighting part the participants evaluated six different lighting scenarios 
created in one of the rooms and by four different reading lamps; the reading test was 
repeated with “the best lamp”. 
 
An interview was carried out at the end of the session. The participants answered 
questions about the importance of outside view and their preferences to the window 
size, window form, sun shading, artificial lighting, illuminance and light distribution.   
 
The full-scale experiments were accomplished during 6 weeks in May and June 2008. 
 
1. Introduction 
 
In order to find out if interior daylighting/lighting preferences are correlated with specific 
abilities of the visual system, subjects with visual impairment and subjects with normal 
vision were invited to participate in a full-scale research study. Participants were chosen 
from the following diagnosis groups: Retinitis pigmentosa (RP, n=5), ocular albinism (AL; 
n=4) and aniridia (AN, n=2 ), the two latter groups with typical high light sensitivity. A 
group of subjects with normal vision consisted of adults in the age 22 - 68 (n=18).  
 
2. Visual impairment groups 
 
Retinitis pigmentosa is a group of hereditary disorders with progressive loss of rods and 
cones and disturbances of the retinal pigment epithelium of the retina. Loss of peripheral 
vision causing “tunnel vision” and defective dark adaptation are typical features in the 
progression of symptoms for RP [18]. Albinism is a disorder characterized by a lack of 
melanin pigment in the eyes, causing very high photosensitivity. Ocular albinism affects 
the eyes and is often associated with nystagmus and reduced visual acuity [2]. Aniridia 
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is a condition characterized by iris hyperplasia and is often associated with glaucoma, 
cataract, nystagmus, reduced visual acuity, and light sensitivity [11]. 
 
3. Method 
 
3.1 Participants 
 
Previous to the full-scale study at the Room-Laboratory at NTNU (RLN), participants had 
a full optometric evaluation in The Vision and Light Laboratory (VLL) at Tambartun 
National Resource Centre for the Visually Impaired. Ophthalmological information, 
confirming their diagnosis, was obtained from the eye departments at local hospitals. In 
the optometric and functional visual evaluations, information regarding refraction status, 
distance visual acuity (using the ETDRS chart) and magnification needs during reading 
was obtained. For subjects with RP, assessments of their functional binocular visual 
field, using a modified Bjerrum screen with white background, were performed at five 
luminance levels: 4, 14, 40, 140 and 400 cd/m2.  
 
During the examination in the RLN and VLL the participants used the best glasses 
possible, in accordance with their refraction status. The participants who were in need of 
(high) magnification during reading either wore their own reading glasses, or they were 
equipped with (special) reading glasses from Tambartun, see Figure 11.   
 
Subjects with normal vision were recruited from Tambartun and/or NTNU.  
 
All patients gave their informed and written consent after the aims and procedures were 
fully explained. One person with RP was only participating in the initial phase of the 
study, and the person concerned is thus left out of the material.  
 
3.2 Description of the experimental rooms in the Room Laboratory 
 
Four small rooms having equal dimensions (3,5 x 4,5 x 2,5 m), nearly equal furniture but 
different window size, see Figure 1, were constructed in the Room Laboratory at the 
Faculty of architecture and fine art. Room Laboratory is situated at the third floor in one 
of the University buildings. It has large glazed walls toward east and west with the view 
toward other university buildings and/or trees, see Figure 3. A high-raise building 
situated south for the Room Laboratory shadows all windows for sunlight during noon 
hours: 11:00 – 14:00. All experiments were carried out during this period to avoid direct 
penetration of sunlight into the rooms. In the artificial light part of the experiment all 
rooms were completely darkened by sun proof roller curtains. 
 
In the front of the glazing an internal wall was constructed of white boxes (50 x 50 x 25 
cm), see Figure 1 and 2. Sidewalls were made of white, vertical, 5 cm thick wall 
elements, the rear walls of light wooden vertical wall elements. All rooms had very thin 
curtains on the inside of the internal window wall that did not prevent the outside view, 
see Figure 2 and 3. The light transmittance of the thin curtains is about 72%. Between 
the internal and the external wall translucent roller curtains having a total transmittance 
of about 46% were placed. Translucent curtains effectively reduced the daylight level in 
rooms and totally obstructed the outside view. 
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Figure 1. Plan of room 1, daylight. 
 
All rooms had a very similar interior design: a little dining table with a white tablecloth, a 
chair, a dark gray bookcase, a black armchair, a pendulum lamp over the table and a 
floor lamp beside the armchair. In the bookcase there was a white cup, a glass, a glass 
jug with water and a cupcake, see Figure 4. 
 
1 2

3 4

Figure 2. Photos of the rooms 1-4, daylight. 
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Figure 3. View through the window in room 3 (to the west) and in room 4 (to the east). 
 
 

 

  
Figure 4. The bookcase made of black boxes. The water jug, the glass and the white cup 
were all placed at the shelf at the height of about 1 m. 
 
Before the experiments started, the daylight factor was measured at a horizontal surface 
80 cm over the floor level in 12 evenly distributed points in the room, see Figure 1. 
Luminance pictures were taken during the experiments with the EOS350D digital reflex 
camera, the LMK 2000 program was used to read the luminance in chosen points at the 
pictures.  
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3.3 Procedure in the Room Laboratory 
 
1. Adaptation 
 
Before entering the experimental rooms, participants stayed in a corridor between the 
rooms for about 10 minutes to adapt to rather low luminances in the building compared 
to the luminances outside. The wall at the end of the corridor that they mostly looked at 
had a luminance of about 50 cd/m2.  
 
2. Evaluation of rooms in daylight – window size 
 
Participants visited the 4 small rooms described above.  
 
The participants were asked to evaluate each of the rooms as a place for permanent 
stay on the 5 step scale:  
 

Very poor    □    □    □    □    □   very good,  
                    1    2    3    4    5 
 
We carried out the evaluation two times, the first time without the translucent roller 
curtains, the second time translucent curtains covered the whole window in each room. 
 
To enable a proper evaluation of the rooms, participants were asked to stay in each 
room for some minutes and to do some everyday, simple tasks: to find objects in the 
bookcase, to place the water jug and the glass at the table and to pour water into the 
glass.  
 
Participants were also asked to choose the most comfortable sitting place around the 
table. 
 
3. Evaluation of six lighting scenarios 
 
This part of the experiment was carried out in room 1, sun proof roller curtains were 
used to shelter the room from daylight completely.   
The six lighting scenarios were composed to represent:  

• low – high lighting level and  
• even – varied lighting distribution.  

 
They are described in table 1, see also Figure 5. Participants were asked to evaluate 
each scenario at the 5 step scale as described in 2.  
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Figure 5. Plan of room 1, electrical light. 
 
Table 1. Lighting scenarios. 
No Lamps Comment 
1 pendulum lamp with an economy 

bulb, floor lamp with an economy bulb 
and one wall-washer directed on 
bookcase and dimed 50% 

low illuminance, focus points only at 
the table and the armchair, the 
bookcase lighted plentiful, the rest of 
the room rather dark 

2 spot lamps 100% (3 towards the right 
wall, 1 towards the left wall) and a 
floor lamp with a halogen bulb 

room lighted very strongly, very uneven 
luminance distribution (very large 
differences between the luminance of 
the directly lighted wall areas and 
indirectly lighted wall areas) 

3 as 2. spots dimed 50% 
 

room lighted moderately, very uneven 
luminance distribution 

4 wall-washers 100% (3 towards the 
right wall, 1 towards the left wall) and 
a floor lamp with a halogen bulb 
 

room lighted very strongly, very even 
luminance distribution  

5 as 4. wall-washers dimed 50% 
 

room lighted moderately, very even 
luminance distribution 

6 as 5. and a wall lamp 
 

room lighted moderately, very even 
luminance distribution, only the wall 
lamp introduces a very strong 
luminance contrast  

 
4. Evaluation of four reading lamps 
 
Participants were asked to evaluate four floor lamps having light sources specified in the 
table 2. 
 
The lamps 1 and 3 were collected from the most popular lamps at the marked 
(accessible at IKEA). Lamp no. 2 was chosen as an low-energy alternative, lamp no. 4 is 
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one of the many lamps recommended for visually impaired people by the Tambartun 
center. It has a compact fluorescent tube with yellow-white color. The length of the tube 
is about 25 cm.  
 
Table 2. Lamp type and its color temperature. 
No. The lamp Color temperature 

1 Incandescent bulb, 
mate, 60W 

2400 K 

2 Megaman GSU115i, 
compact classic, mate, 
15W 

4000 K ? 

3 Halogen 50W 3000 - 3200 K 
4 ”OTT-LITE-Shweizer” 

Compact avlangt 18W 
2700 K 

 
The lamps were evaluated at the 5 step scale, described in 2.  
 
5. Reading speed test 
 
In the room that the participant evaluated as the most comfortable, he/she was asked to 
choose the most comfortable reading position using an armchair standing by the 
window. In the most comfortable reading position a reading test was carried out.  
Here we used the Tambartun Oral Reading Test (Fosse, 2001), a test with 28 different 
charts, each consisting of 50 words. All the test charts have the same level of difficulty, 
and the 50 words in each chart are randomly selected from the 300 most frequently used 
words in Norway’s three largest newspapers. All words in the text are unrelated, which 
means that the reader has to rely on visual information only (no semantic and syntactic 
information available) to recognize the words that are presented.   
 
Each participant was asked to read the words from three plates in three situations:  

with both the translucent and the thin curtain,  
with the thin curtain,  
without the curtain. 

 
The reading time was registered for each chart. It was converted into amount of words 
red properly per min. A mean reading speed (words/min) for a given situation was 
calculated at the end. 
 
Similar test (with 3 charts) was repeated in the artificial light, this time the lamp 
evaluated as most comfortable was used.  
For some participants it was possible to read without the lamp. 
 
Luminance pictures of the reading field were taken during the reading. 
 
6. Visual acuity and glare 
 
The distance visual acuity was measured using an ETDRS chart placed in front of the 
window, as shown in Figure 6. The high luminance from the window area around the 
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chart created a strong luminance contrast, which could cause discomfort or reduced 
acuity, as compared with acuity evaluations under standard conditions.  
 

 
Figure 6. Vision test table hanging in the front of the window in room 4. 
 
 
7. Interview  
 
An interview was completed at the end of the session. 
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4. Results 
 
4.1 Daylight factor measurements 
 
Results for all rooms at points situated along the window axis and at points situated 
across the room are shown in Figure 7 and 8. The mean daylight factor in the respective 
rooms calculated as a mean value for points 1-12 are shown in the Table 3. 
 
Table 3. The mean daylight factor 
 Without tr. curtain With tr. curtain 
Room 1 0,81% 0,45% 
Room 2 1,35% 0,75% 
Room 3 2,33% 1,40% 
Room 4 3,80% 2,00% 
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Figure 7. DF measured along the window axis (left) and across the room (right). Rooms 
without translucent curtains. 
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Figure 8. DF measured along the window axis (left) and across the room (right). Rooms 
with translucent curtains. 
 
The translucent curtains reduce the daylight factor in rooms 1-4 by respectively 45-50%. 
In addition they even up the light distribution slightly, the DFmin/DFmax is 0,1-0,15 in 
rooms without translucent curtain and 0,15-0,24 in rooms with the translucent curtains. 
 
4.2 Luminance measurements 
 
The luminance measurements, taken with the help of luminance pictures show (a typical 
for daylight) very large luminance differences in the room. Even in room 4, with the most 
even luminance distribution, the luminance of the sky seen through the window was over 
2400 cd/m2, the luminance of the building seen through the window was in the range 750 
– 1200 cd/m2, inside the room in places where daylight is obstructed, the luminances 
were below 100 cd/m2, see Figure 9. 
 

 
 

 
Figure 9. The Luminance picture of room 4. 
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The luminance pictures taken during oral reading tests by the window, Figure 10, show 
that the luminance at the paper varied from 200 to 400 cd/m2 for most participants.  
 
The lowest luminance level 34-94 cd/m2 was noticed for a person having a very short 
reading distance (10-20 cm from the eyes), Figure 11. 
 
 

  

 
Figure 10. Luminance picture showing a reading person. 
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Figure 11. Luminance picture showing a person holding the reading paper at the 
distance of 10 cm from her eyes. 
 
4.3 Preferences for sitting position around the table 
 
Instead of the fact that the direct sunlight was totally obscured during the experiments 
and much of the outside view was toward trees or grey neighboring buildings, both 
having moderate luminances, the window surface was perceived by most of the visually 
impaired people as very bright, especially the part of the view toward the blue/white sky.  
 
The subjects with RP were very clear about the sitting preferences, two of them 
preferred to sit with the side to the window (both positions 2 and 4 was acceptable), the 
rest of them preferred position 3 (with the back to the window) in all rooms. Position 1 
was commented as not acceptable by all subjects with RP, see Figure 12. 
 
All subjects with AN and AL claimed that the best sitting position was with the back to 
the window, especially in room 4. Position 2, with the view towards the sidewall (without 
window in the visual field) was acceptable by two in rooms 3 and 2, and by four in room 
1. Position 4 was acceptable by two in room 2. No one accepted position 1 with the view 
towards the window.   
 
The majority of subjects with normal vision preferred position 4 that enables outside view 
and gives a good control over activities in the room. Only 2 of 18 have chosen position 1.  
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Figure 12. Preferences for sitting and reading positions. 
 
4.4 Preferences for reading position 
 
The visually impaired persons needed more time to find an optimal reading position. 
Some of them were in need of a very short reading distance (around 4-8 cm for those 
with the lowest visual acuity). In this position they shadow the paper by their own head. 
To contradict this they need both, strong and diffuse light. Daylight is a very good choice 
because it gives very high illuminances in the window zone, and a window, being a large 
light source, delivers an even luminance distribution without sharp shadows. The visually 
impaired persons who needed the shortest reading distance moved the arm chair as 
close to the window as possible and needed more time to find an optimal position, even 
a small change of the twist angle of the body and/or sloping angle of the paper made a 
difference. 
 
Astonishingly, the sitting position for reading was very similar for all participants, only 
one subject with normal vision wanted to sit in a distance larger than 1 m from the 
window. The rest of participants (from all groups) preferred to sit close to the window 
with the back or side to the window. About half of the participants have chosen a position 
having a twist angle between 55º and 75º, (β in Figure 2). Most people preferred to sit to 
the right of the window, position B, and hold a reading paper in the left hand, 4 people 
preferred the position to the left for the window, position A. The luminance on the 
reading paper for the person that needed the shortest reading distance, Figure 3, was in 
the range 30 – 90 cd/m2. Subjects with normal vision were much more flexible according 
to the position of the body/paper and the distance between the paper and the eyes. 
 
4.5 Room preferences 
 
The rooms were evaluated partly on the basis of an overall impression, partly on the 
basis of how easy it was to do some simple tasks, as collecting objects from the 
bookcase and pouring water from the jug into the glass. For many visually impaired 
participants it was not easy to find the objects at the bookcase. Of all things placed at 
the shelf, the white cup was identified the fastest, due to high luminance contrast (dark 
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background). Also the water jug was visible for most participants because of the linear 
light reflex at the curved surface of the jug. The glass and the cupcake, both situated in 
the shadow of a sidewall, were nearly invisible for most visually impaired participants. 
They had to reduce the distance to the objects (angular magnification) and needed more 
time, sometimes also combined with tactual information (hands) in order to find them. 
The objects in the bookcase were even more poorly visible when the translucent curtains 
were used. The same comment was made regarding the pouring of water from the jug 
into the glass. The water was “shining” more (increased visibility) when the direct 
component of daylight was higher. 
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Figure 13. Room preferences, AL and AN, bar charts. 
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Figure 14. Room preferences, AL and AN, line diagrams.  
 
AL and AN  
 
Figures 13 and 14 show room evaluation results for light sensitive persons. There were 
considerable differences between the participants. In the first series, when windows 
were without translucent curtains, two participants preferred room 1, two other persons 
room 2 and one person preferred room 3.  All in all, the rooms were evaluated from best 
to poorest in the following order: 2, 3, 1, 4. Room 4 was decidedly the least preferred 
one; it was characterized as intolerable and unfriendly. In the second series, with 
translucent curtains, four participants preferred room 2, two room 3 and one room 1. All 
in all, room 2 was the best one again. Room 4 was more acceptable this time most 
probably because the window luminance was reduced by translucent curtains. All other 
rooms scored lower if the translucent curtains were used, mainly because the modeling 
was reduced. 
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Figure 15. Room preferences, RP, bar charts.  
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Figure 16. Room preferences, RP, line diagrams. 
 
 
RP 
 
The results of evaluations by subjects with RP were clearly different, see Figure 15. With 
the exception of one person, RP-4, who preferred room 1 with the smallest window, the 
rest preferred room 4 the best. The other rooms were evaluated as poorer. The results 
confirm that most subjects with RP prefer rather large windows and rather high 
illuminances, clearly higher than subjects suffering from light sensitivity.  
 
The usage of translucent curtain had impact on the evaluation. Rooms 1 and 2 scored 
considerably lower with translucent curtains, probably because the overall illuminance in 
those rooms was too low; indeed the mean daylight factor in those rooms was below 
1%, see Table 1. It may indicate that subjects with RP prefer higher illuminance levels. 
Another possibility is that the modeling was reduced by translucent curtains, the visibility 
was reduced. Room 4 was evaluated by most subjects with RP as friendly, nice, 
spacious and open.  
 
Subjects with normal vision 
 
Evaluation results for subjects with normal vision differed from both groups of visually 
impaired subjects. In the series without translucent curtains, see Figure 17, room 4 was 
evaluated as best by 10 persons, room 3 by 5, and room 2 by 2 persons. No one 
preferred room 1. All in all, room 4 scored highest, room 3 a little lower, room 2 
considerably lower and room 1 lowest. The difference between room 3 and 4 was 
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marginal. Those results confirm that most people prefer rooms with large windows and 
high mean illuminance level; daylight factor in the preferred rooms was respectively 
2,3% and 3,8%. They characterized room 4 as nice, friendly, spacious, open and bright. 
 
In the second series, Figure 17, when the translucent curtains were used, room 3 was 
evaluated as the best one by 10 subjects, room 4 by 7, room 2 by 1, nobody preferred 
room 1. Again, rooms having large windows were preferred. Rooms 1 and 2 scored 
considerably lower than in the first series, the illuminance level was probably too low to 
be acceptable, see also table 1. The comparison of the results may indicate that people 
prefer large windows mostly because of the outside view. If the view is obstructed, the 
window size in room 3 is perceived as large enough. All rooms beside room 3 scored 
lower when the translucent curtains were on, it may indicate that participants did not like 
the diffuse light distribution (poor modeling). 
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Figure 17. Evaluation of rooms by subjects with normal vision. 
 
The results correlate very well with the answers in the interview. 
 
4.6 Preferences for electrical lighting 
 
Not astonishingly, the light sensitive persons like low illuminance level in room very 
much. During discussions with some of them in the laboratory we learned that they do 
not like any dark spaces, for example beneath the table or in corners. 
 
It seems that the even light distribution (wall-washers) not causing large luminance 
differences, is the very important issue for the light sensitive persons, scenarios with 
wall-washers, both at 100% power (scenario 4) and dimmed 50% (scenario 5), scored 
very high, see Table 1. An introduction of a glary light source (the wall lamp in scenario 
6) causes dramatic decline of acceptance, compare scenario 5 and 6. 
 

ROM:          1                2                3             4   1      2          3               4 

No translucent curtains With translucent curtains 
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The light sensitive persons dislike lighting scenarios composed of spot lights causing 
strong luminance differences (scenarios 2 and 3). Comparison of scenario 2 and 3 tells 
that if they are asked to choose between spots having 100% power (2) and spots 
dimmed 50% (3), they prefer the last one. 
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Figure 18. Evaluation of lighting scenarios by light sensitive subject to the left and 
subjects having diagnosis RP to the right. 
 
The objects having diagnosis RP like even light distribution created by wall-washers 
also, but spots dimmed 50% like them even more. Some of them commented wall-
washers as a little boring, spots create variation in the room, something that helps them 
to orientate in the new environment. On the other hand, spots at 100% power 
illuminating a white wall create glary areas; therefore scenario 2 got very low score.  
Similarly to light sensitive persons, they dislike the glary lamp very much, compare 
scenario 5 and 6. Generally, they complain about glary lamps in public spaces, 
especially in shops. 
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Lighting preferences, objects with normal vision
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Figure 19. Evaluation of lighting scenarios by subjects with normal vision. 
 
Lighting scenario 1, having the lowest illuminance level, was liked least of all.  
Most of normally seeing persons did not know that wall-washers may be an interesting 
alternative to spots, the wall-washers set in 100% (4) were liked most, if dimmed 50% 
(5), they scored as high as 50% dimmed spots (3). Spots set at 100% (2), very common 
lighting pattern in modern interiors, were liked poorly.  
The introduction of a glary lamp caused decline of acceptance, but not that strong as for 
visually impaired persons.  
 
4.7 Evaluation of reading lamps 
 
There were considerable differences between participants in all groups.  
Astonishingly, the incandescent lamp scored lowest in all participant groups. It was not 
the first choice for any member of the visually impaired participants, and only three out of 
18 persons with normal vision regarded this lamp as satisfactory.  
 
Astonishingly, the economy bulb was liked very much as a reading lamp by objects from 
all groups, all in all it got most points. 3 of 6 AL-AN, 1 of 4 RP and 5 of 18 normally 
seeing people evaluated it as the best choice.  
 
The halogen lamp was not appreciated by people with visual impairment, it was the best 
choice for only 1 RP. On the other hand, 6 normally seeing people evaluated it as the 
best choice, all in all, it was the second best lamp for objects with normal vision. 
The Schweizer lamp was the best choice for 2 of 6 AL-AN, 2 of 4 RP and 4 of 18 
normally seeing.  
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Figure 20. Evaluation of reading lamps by visually impaired participants. 
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Figure 21. Evaluation of reading lamps by subjects with normal vision. 
 
4.8 Reading speed 
 
The individual oral reading speed data (in words/min) for all subjects with visual 
impairment are shown in Figure 22. In this Figure the reading speeds for subjects with 
normal vision are shown as mean values, inserted also an error bar with minimum and 
maximum reading speed values.  
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The reading rate for subjects with normal vision was only recorded in one situation, as 
reading speed across photopic light levels are relatively stable (Bullimore and Bailey,  
1995; Fosse, 2004). For the visually impaired subjects the reading rate was recorded in 
two main situations, 1) under daylight conditions, and 2) under electric lighting.  
 
Astonishingly, eight out of 11 visually impaired subjects, have a reading speed above the 
minimum reading speed for subjects with normal vision. Comparing the reading speed 
data with distance visual acuity (gray bars, Figure 23, 24), show that four persons with 
RP have acuity values above 0.3, indicating a relatively good macular function. The rest 
of the visually impaired participants have acuity values below 0.2. For all subjects with 
normal vision, distance visual acuity values were 0.8 or higher (Fig. 24).  
 

 
Figure 22. Reading speed data in words/min for 11 subjects with visual impairment, and 
the mean reading speed data for 12 subjects with normal vision, inserted error graph 
with minimum and maximum reading speed values. Reading speed is recorded in two 
situations, in a daylight situation (gray bars), and with electrical lighting (black bars). 
 
It is somewhat surprising that all but one visually impaired subject achieve a reading rate 
of 80 words/min or higher, especially for persons with albinism and aniridi, as they all 
have acuity data below 0.2. For four subjects with RP high reading speed can in part be 
explained by their high acuities, but for the subjects with albinism and aniridi other 
explanations are needed. Perhaps this reflects that subjects who are born visually 
impaired, with no central macular scotomas, can utilize their vision for oral reading in a 
far better way than persons who become visually impaired later in life.   
 
One subject (RP-5) was not able to read from the charts in daylight or electric lighting. 
The person concerned had a low visual acuity and was during reading in need of a 
special, electronic magnification device (reading machine), with its own internal light 
source. The machine in itself, with a limited number of letters presented on a small 
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screen (white letters/black background), in combination with the person’s low acuity, 
made it difficult to read faster than 30-35 words/minute. This is, however, sufficient, for 
his needs in daily work, according to himself.    
 
It is also necessary to emphasize that oral reading speed is not synonymous with silent 
reading speed. It may well be that silent reading for subjects with normal vision exceed 
the reading rate obtained by subjects with visual impairment, but as this was not part of 
our examinations, we have no data to support this.   
 
Another interesting aspect regarding reading rate is linked to the correspondence 
between reading speed in different lighting conditions. In Figure 22 we have presented 
two situations, one with daylight in combination with a white, thin curtain, and another 
with electric lighting. The two other daylight conditions (one without curtain, and another 
with both the translucent and the thin curtain) gave reading speed results close to the 
presented data in Figure 22. As can be observed for the visually impaired, the reading 
speed was not in any way affected by electric or daylight conditions. In addition, when 
we compared the preferred “electrical” luminance level with the daylight luminance 
levels, the differences were for some subjects very large. This indicates that most 
subjects are able to read fluently at different photopic light levels and that they might 
have a rather large comfort zone for reading. The individual ranges are presented in 
Table 3. 
 
Table 3. Luminance levels during reading. 
Subject Daylight Luminance (cd/m2) Electric Luminance (cd/m2)
AN-1 62 312 
AN-2 259 229 
AL-1 347 343 
AL-2 379 195 
AL-3 211 363 
AL-4 135 missing 
RP-1 252 401 
RP-2 466 236 
RP-3 221 84 
RP-4 116 166 
RP-5 See text above See text above 
 
4.9 Visual acuity and glare 
 
Figures 23 and 24 show the effect of counterlight (daylight) on visual acuity. The gray 
bars represent visual acuity in standard viewing conditions (luminance on chart 140 
cd/m2). The black bars represent acuity measured with the sky, having a luminance in 
the range 2500 – 3500 cd/m2, as the background (see also figure 6) One should expect 
that a strong counterlight would cause reduced visual acuity in situations like this, but 
what we could observe was that it caused discomfort rather than reduced visual acuity. 
For some of the participants with normal vision, acuity was even higher, probably 
attributed to a higher luminance level all in all in the testing situation, compared with the 
standard acuity assessments. For two subjects with albinism (AL-1; AL-3), the glare 
testing situations caused so much discomfort that the assessments could not be 
completed.  
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Figure 23. Visual acuity data for subjects with visual impairment, recorded under 
standard (gray bars) and glare (black bars) conditions. See text for further comments. 
 

Figure 24. Visual acuity data for subjects with normal vision, recorded under standard 
(gray bars) and glare (black bars) conditions. See text for further comments. 
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4.10 Visual field as a function of luminance 
 
During the assessments in The Vision and Light Laboratory at Tambartun all participants 
with RP were tested with regard to their binocular visual field, as a function of luminance, 
see Table 4. The results show that both the functional horizontal and vertical central 
visual fields are increasing, up to a certain light level, which is different from person to 
person. This shows that individual assessments are needed to find which light levels are 
needed to achieve a maximum visual field.  
 
Table 4. Visual field as a function of luminance 
 Luminance (in cd/m²) 4 14 40 140 400 
RP-1 Horizontal (in degrees) 14 19 21 21 21 
RP-1 Vertical (in degrees) 5,5 9 14,5 17 17 
RP-2 Horizontal (in degrees) 6,8 11,4 13,2 13,2 Too high
RP-2 Vertical (in degrees) 4,4 7,4 10 10 Too high
RP-3 Horizontal (in degrees) 4,6 4,6 4,6 5,7 5,7 
RP-3 Vertical (in degrees) 4 4 4 4 4 
RP-4 Horizontal (in degrees) 15,4 17,6 18,8 18,7 18,7 
RP-4 Vertical (in degrees) 13,1 13,1 14,2 14,2 14,2 
RP-5 Horizontal (in degrees) NA     
RP-5 Vertical (in degrees) NA     
NA: No assessments as the person concerned was not able to identify the symbols 
presented at any light level.  
 
4.11 Interview 
 
Which window size do you prefer in the living room?  
 
    N (18)  AL-AN (6) RP (5) 
very large   9  0  2 
large     9  5  1 
middle    0  1  2 
small    0  0  0 
very small   0  0  0 
 
Normally seeing people answered that they prefer very large (9 of 18) or large windows 
(9 of 18), AL-AN prefer large windows (5 of 6). Nobody preferred small windows. 
Participants had very similar preferences for the size of the kitchen window. The lowest 
expectations to the window size had participants to the bathroom: 
 
Which window size do you prefer in the bathroom?  
 
    N (18)  AL-AN (6) RP (5) 
very large   0  0  0 
large     3  0  1 
middle    11  2  0 
small    4  4  4 
very small   0  0  0 
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Even in bathrooms that typically have small or very small windows in Norwegian 
apartments, nobody preferred very small windows. Most normally seeing people prefer 
middle size windows, most visually impaired people prefer small, not very small, 
windows.  
 
How important is the outside view through the window?  
 
    N (18)  AL-AN (6) RP (5) 
very important   10  5  3 
important     8  0  0 
not important    0  1  2 
 
Normally seeing people: the view was very important (10 of 18) or important (8 of 18). 
AL-AN: for 5 of 6 the view was very important, for 1 it was not important, 
RP: for 3 of 5 it is very important, for two persons the view was not important at all. 
 
The answers from light sensitive objects are very intriguing; the best sitting position 
around the table is with the back to the window for them, but at the same time most of 
them claim that the outside view is very important! The view out probably has a high 
value independently of how often the possibility to look out is utilized. During the 
discussion with them we learned that the part of the view to the sky caused discomfort 
but that the view towards trees was not only acceptable, but also very desirable for 
them. Some of them commented that a window situated low in the wall could be a good 
solution. Alternatively, a sun shading device that shade an upper part of the window 
permanently could be used.  
 
What do you prefer to look at? 
 
    N (18)  AL-AN (6) RP (5) 
remote view   11  5  4 
broad view    14  5  5 
 
trees, greenery   6  5  3 
buildings   1  2  2 
water    13  5  5 
human activities  4  2  3 
 
The results confirm that a remote and especially a broad view, preferably with water is 
very much desired by people from all categories. This also explains why horizontal 
windows are generally more preferred than vertical ones. Indeed, on the next question:  
 
Which window form do you prefer? 
 

N (18)  AL-AN (6) RP (5) 
horizontal    9   1  1 
square    6   2  2 
vertical    3   2  1 
 
most normally seeing people answered that they prefer horizontal windows.  
Answers from AL-AN and RP were somewhat ambiguous.  
 



 26

Which sun shading device do you prefer? 
 

N (18)  AL-AN (6) RP (5) 
Venetian blinds  8  3  3 
Textile curtains  10  3  2 
 
Which type of venetian blinds do you prefer? 
 

N (18)  AL-AN (6) RP (5) 
Inside    13  3  2 
Outside   5  3  3 
 
Which color/material do you prefer for venetian blinds? 
 

N (18)  AL-AN (6) RP (5) 
White    4  2  2 
Light wood   12  2  1 
Dark wood   2  2  2 
Week chromatic color  0  0  0 
Strong chromatic color 0  0  0 
 
 
Which thickness of the curtain do you prefer? 
 

N (18)  AL-AN (6) RP (5) 
Very thin   11  2  2 
Thin    5  2  2 
Thick    1  2  1 
Very thick   1  0  0 
 
Which color of the curtain do you prefer? 
 

N (18)  AL-AN (6) RP (5) 
White    10  2  2 
Neutral: light beige/gray 6  2  2 
Week chromatic color  1  2  1 
Strong chromatic color 1  0  0 
 
Regarding questions about sun shading, we did not find any clear preference to the type 
of sun shading. It seems that many normally seeing people prefer inside sun shading 
devices in form of very thin white curtains or blinds made of light wood. 
 
Which light do you prefer for reading? 
 
    N (18)  AL-AN (6) RP (5) 
Daylight   8  5  1 
Electrical light   3  -  1 
Both    7  1  2 
 
Only 3 of 18 objects with normal vision and one object with RP of 11 visually impaired 
objects preferred electrical light for reading. The rest preferred daylight or both. 
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Predilection to daylight is especially clear in the AN-AL group. They commented that 
they prefer daylight for reading mostly because it is easier for them to find a comfortable 
reading position, so they may hold paper close to the eyes and avoid deep shadows.  
 
Which light distribution do you prefer in a room for permanent stay? 
 
    N (18)  AL-AN (6) RP (5) 
Very even   6  3  2 
Even    3  3  1 
Varied    8  0  1 
Very varied   1  0  1 
 
All light sensitive objects prefer even or very even light distribution, objects from other 
groups have split opinion.  
 
Which light level do you prefer in a room for permanent stay? 
 
    N (18)  AL-AN (6) RP (5) 
High    11  1  1 
Low      7  5  4 
 
Most visually impaired objects claim, that they prefer generally low light level in a room 
for permanent stay. 
 
 
5. Conclusions and discussion 
 
It was a good correlation between the daylighting preferences that appeared in the full-
scale study and the answers given in the interview.  
 
The following trend preferences were found in the study: 
 
Objects having diagnosis ocular albinisme (AL) and aniridi (AN): 
 

• the visual contact with the outside is very important,  
• large windows, giving a wide and remote view toward greenery and/or water are 

preferred 
• glary light sources are not acceptable: 

o a view toward sky should be avoided: windows should be situated as low 
as possible or sunshading devices should be used to effectively reduce 
the luminance on the window surface when the sky luminance is too high 

o any electrical light sources that may cause glare should be avoided 
o electrical light sources that create a strong light spots (especially on room 

surfaces having high reflection factors) should be used with care 
• rather low mean illuminance 

o rather small windows 
• rather even light distribution 

o lamps that give an even light distribution on the room surfaces, e.g. wall-
washers, are a good choice 
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o dark spaces in the room should be avoided e.g. in corners or beneath a 
table 

• modeling is important for visibility, e.g. shading devices should not diffuse light 
completely,  

• daylight (delivered through windows) is a preferable lighting for reading (in 
contrast to electrical light delivered from small fixtures), a preferable reading 
position is with the back to the window 

• a preferable sitting position in the room, e.g. by the table, is with the back to the 
window, or with the side if the window is not in the visual field,  

 
Objects having diagnosis retinitis pigmentosa (RP): 
 

• the visual contact with the outside is important,  
• large windows, giving a wide and remote view toward water, greenery and/or 

human activities are preferable 
• glary light sources are not acceptable: 

o a view toward sky should be minimized, sunshading devices should be 
used to reduce the luminance of the window surface depending on the 
sky conditions 

o any electrical light sources that may cause glare should be avoided 
• rather high illuminance levels are preferred 

o rather large windows 
o many lamps giving a rather high mean illuminance  

• varied, but not glary light distribution is preferred 
o spots dimmed by e.g. 50%, that give a varied light distribution but not too 

high luminances on the room surfaces are a good choice 
• both, daylighting and electrical lighting are acceptable for reading, a preferable 

reading position by a window is with the back to the window 
• a preferable sitting position in the room, e.g. by the table, is with the back or the 

side to the window, a position with the view toward the window is not acceptable 
at all. 

 
Normally seeing objects: 
 

• the visual contact with the outside is very important,  
• large windows, giving a wide and remote view toward water and/or greenery are 

preferable,  
o horizontal, rather than vertical windows,  
o if venetian blinds: inside, rather than outside, light wood or white rather 

than dark or colored 
o if curtains: very thin or thin, white or neutral color 

• rather high illuminance levels are preferred 
o large or very large windows 
o many lamps giving a rather high mean electrical illuminance  

• clear preferences for light distribution were not found 
o lighting made of wall-washers in the 100% power was the best choice 
o lighting made of spots dimmed by e.g. 50%, was as good choice as 

lighting made of wall-washers dimmed 50% 
• glary light sources are annoying but not unacceptable: 
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• daylighting rather than electrical lighting are preferred for reading, a preferable 
reading position by a window is with the back/side to the window 

• a preferable sitting position in the room, e.g. by the table, is with the back to the 
side wall that gives overview over activities in the room, possibility for the view 
out and the feeling of protection owing to the wall. 

 
This research project showed considerable differences with regard to lighting 
preferences between subjects with normal vision and subjects with visual impairment 
from three diagnosis groups. We learned that the luminance distribution in a room is a 
very important behavioral factor for visually impaired people. The danger for visual 
discomfort is much higher than for normally seeing people because the adaptation 
process is poorer and much slower. Therefore any potential sources for glare, both 
windows and lamps should be controlled. 
 
Even if we find trend preferences for each diagnosis group, intra-group differences are 
so large that individual lighting assessments and the mapping of individual lighting needs 
are needed. We might also suspect that for other eye diseases, new preferences will be 
discovered, and thus emphasize the need for an individual approach.  
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