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Introduction 
 Task lighting for the elderly poses a special set of problems to the lighting professional 
and luminaire designer. Reading is an important activity for elderly persons, one that depends on 
the condition of the visual system. Since the visual system declines from childhood to old age, 
reading ability and enjoyment can be increasingly difficult as a person ages.  
 Lighting is one of the factors that affects reading ability and enjoyment. Good lighting can 
help compensate for a decline in a person’s ability to see, while poor lighting can further diminish 
a person’s ability to see. With the number of persons aged 65 and over expected to at least 
double in the U.S. in the near future (see Figure 1), lighting concerns for elderly persons will 
continue to be an important topic within the lighting industry. 
 The purpose of this project was to study a variety of task lighting conditions in an attempt 
to identify those that are the most favorable for reading by elders. Building upon previous 
research, this paper describes an experiment in which 17 elderly subjects completed visual 
performance tasks and subjective preference measures for 17 different lighting conditions. These 
lighting conditions combined variations in task illuminance, illuminance uniformity, surrounding 
reflectance, and lamp correlated color temperature (CCT). 
 Age-related physical changes in the eye are well documented (see, for example, Watson, 
1996; Cullinan, 1986; Kline and Scialfa, 1997). These changes cause three overall effects that 
may affect reading ability and enjoyment for the elderly: a reduction in retinal illuminance, a 
reduction in contrast sensitivity, and an increase in intraocular scatter that reduces retinal image 
contrast and increases glare sensitivity. However, the potential impact of these effects on elderly 
persons while reading has not been studied in detail. These effects informed the selection of 
lighting variables for the experiment reported here. 
 Although visual performance has been studied fairly extensively, relatively few studies 
involved older subjects. Blackwell and Blackwell (1971) experimented with a large group of 
visually healthy subjects with ages between 23 and 68 years old, and measured visual 
performance on a threshold visibility task. They concluded that large differences existed in visual 
performance capability both among individual observers of the same age and between the 
averages of different age groups. 
 Using a supra-threshold task, Smith and Rea (1978) asked subjects to perform a 
proofreading task under different illumination conditions, and compared visual performance 
between a group of young adults (ages 18 to 22) and a group of older adults (ages 49 to 62). 
They concluded that there was a large difference in performance between the two subject groups, 
and that the older subjects were more strongly affected by changes in illuminance and in print 
quality than were the younger subjects. The summarized results are shown in Figure 2. 
 Rea’s subsequent work (1981, Smith and Rea 1982, Rea, Ouelette and Kennedy 1985) 
described a series of experiments that provide a model for careful definition and manipulation of 
task and illumination variables. In addition, these papers described the development and 
implementation of the Numerical Verification Task (NVT) as a tool for measuring visual 
performance; this tool was used in the experiment described in this paper. However, these 
studies all focused on young subjects. 
 Boyce (1973) produced one of the few attempts to quantify the effect of age for a large 
number of subjects, and for a number of different tasks and conditions. Subjects in three age 
groups (16-30 years old, 31-45 years old, and 46-60 years old) performed analytical (Landolt-C 
ring) and simulated (tracker and conveyor tests) tasks and provided subjective preference ratings 
for five different illuminances. While age did not affect the performance or preference measures 
for the simulated tasks, a very significant age and illuminance effect was found for the analytical 
tasks. 

[This paper was published in the Journal of the illuminating Engineering Society, Volume 31 Number 1, 
Winter 2002, p.20-32.] 
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 In addition to the visual performance research, Legge and associates have reported a 
body of work related specifically to reading tasks (1985a and 1985b, 1986, 1987; Rubin and 
Legge, 1989). Of particular importance for the experiment described here, Legge et al (1989) 
developed the Minnesota Low-Vision Reading Test (MNRead). This test initially was computer-
based and provided an estimate of a low-vision person’s maximum reading rate. MNread has 
since developed into a standard for low-vision reading tests and has been modified to be applied 
with static text on cards. Legge’s work documents a performance measurement specifically 
designed for reading, and one that has been used extensively with elderly subjects. However, 
lighting variables have for the most part not been investigated as part of this work. 
 In summary, previous research in supra-threshold visual performance provided an 
important tool for measuring visual performance, the NVT, but mostly involved testing of young 
subjects. Research into the psychophysics of reading used older subjects, but did not investigate 
lighting variables beyond illuminance. The experiment described below draws from both of these 
bodies of work to specifically investigate the impact of lighting variables on measurements of 
reading performance and preference for elderly subjects. 

Methods 

Subjects 
 Seventeen subjects, ages 62 to 76 years, participated in the experiment. All were free of 
documented visual disease, read for at least ten hours per week, and were English-speaking. 
Sixteen subjects had visual acuity of 20/32 or better, and one subject had 20/63 vision. Twelve 
subjects were female and five were male. 

Location 
 The experiment was conducted in the hobby room of The Atrium, an independent living 
center for seniors in Boulder, Colorado. This test room is located in the basement of the building 
and has no windows, providing complete control over the lighting conditions.   

Lighting conditions (independent variables) 
 Four parameters of the visual environment were independently varied in the experiment: 
a) illuminance (3 levels), b) uniformity distribution (3 levels), c) correlated color temperature or 
CCT (2 levels), and d) surrounding reflectance or background (2 levels). 
 Three different magnitudes of task illuminance were used: a) high (1290 lux [120 
footcandles (fc)] ± 10%), b) medium (323 lux [30 fc] ±10%) and c) low (54 lux [5 fc] ±10%). The 
high and low levels were selected with the expectation that significant effects on visual 
performance and preference would exist. The medium level was selected to represent a typical 
household illuminance.  
 Three levels of illuminance uniformity were used: a) uniform (U), b) non-uniform with low 
gradient (NULG), and c) non-uniform with high gradient (NUHG). A greater luminance from areas 
immediately adjacent to the task was expected to produce increased scattering inside the eye, 
possibly reducing contrast and increasing glare sensitivity. Therefore, illuminance uniformity may 
affect visual performance and preference. A uniform distribution was defined as task illuminance 
(at task center) and adjacent area illuminances (12 inches from task center) varying by no more 
than 15%. A non-uniform low gradient distribution (NULG) was defined as a ratio of task 
illuminance to adjacent area illuminance of approximately 2:1, and a non-uniform high gradient 
(NUHG) distribution was defined as a ratio of task illuminance to adjacent area illuminance of 
much greater than 2:1, normally in the 100:1 range. 
 Two light sources with different correlated color temperatures (CCT) were used: a) 
halogen (CCT = 2700K) and b) compact fluorescent (CCT = 4100K). Based on previous 
literature, lamp CCT was not expected to affect visual performance, but could affect preference. 
 As was the case with uniformity distribution, the reflectance of the area surrounding the 
task was considered an important parameter since it was expected to affect scatter and glare in 
the older eye, thus affecting visual performance and preference. An adjacent surface with a high 
reflectance would produce a greater luminance that was expected to produce increased 
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scattering inside the eye and additional glare. Two different surrounding reflectances were used: 
a) white background and b) black background. These two surroundings were selected to 
represent the extreme reflectance conditions that could be found in areas immediately adjacent to 
a task. 
 A completely-crossed experiment using the various levels of the four independent 
variables described above provides 36 possible test conditions (3x3x2x2). Seventeen of these 36 
conditions were selected for the experiment. A completely-crossed experiment was not feasible 
due to limitations of the apparatus (the non-uniform conditions were not easily achievable with a 
fluorescent source), and due to practical concerns about the length of the experimental session. 
These 17 conditions were selected to allow specific tests of the effects of interest. Table 1 shows 
the conditions tested and the comparisons of interest. 

Human response measurements (dependent variables) 
 Each of the subjects performed three different tasks for each illumination condition. The 
NVT (Rea 1981) consisted of two columns of 20 five-digit numbers. The digits in the left 
(reference) column were random, while the digits in the right (response) column matched those in 
the reference columns except for interspersed discrepancies (errors). The subject’s task was to 
review the lists and mark any errors encountered. Subjects were instructed to compare the 
numbers in the reference list against the response list as quickly and accurately as possible and 
to mark the discrepant numbers on the response list. The NVT score was calculated as NVT 
Score = (T – E)100/(S + 5), where T was the number of comparisons per trial (always 20), E was 
the number of errors, and S was the time to complete the test (in seconds). NVT materials used 
Courier 12-point font and were reproduced on white paper with a high quality photocopy machine, 
resulting in task contrast of over 0.80. 
 Another task that the subjects performed was a simple reading test. This test consisted of 
three standardized sentences, most of which were obtained from the MNRead Test (Legge et al 
1989). The subject’s task was to read the sentences aloud in a normal reading speed and volume 
level. Time (in seconds) needed to read the sentences was used as the measure of reading 
performance. 
 The third task was completion of a subjective preference questionnaire about the 
particular illumination condition they were seeing at the time. The subject used a seven step 
semantic differential scale to give an opinion about the lighting condition for six parameters: 
like/dislike, comfortable/uncomfortable, bright/dim, easy to read/difficult to read, pleasant color of 
light/unpleasant color of light and whether the subject would or would not like to have that 
particular type of lighting available for everyday reading (overall preference). The subject’s 
response on each scale was given an integer score between 1 and 7, inclusive. 
 Appendix A shows a sample of each of the tasks.  

Apparatus 
 A 1.22m (4’) wide by 0.9m (3’) high by 0.9m (3’) deep testing chamber was built, 
consisting of three walls, a floor and a ceiling that included several light sources. It could be 
converted into a “white” or a “black” viewing chamber, by changing the floor and walls. The 
testing chamber was placed on top of a table, 76.2cm (30 in) above the room floor.  A chin rest 
was attached to the front of the apparatus to fix the viewing distance for each subject; this keeps 
the visual size of the text constant.  Subjects sat in an adjustable chair.  Figure 3 shows a 
photograph of the apparatus. 
 The illumination inside the testing chamber was provided by five individually switched 
lighting fixtures recessed into the ceiling. The lighting fixtures were: 

• one framing projector (Halo Lighting cat. L2756) with a 75 watt narrow spot (14°) 
MR-16 halogen lamp, 

• one compact fluorescent downlight (Lithonia Lighting cat. AF 2/26DTT 8AR 120) with 
an 8” open aluminum reflector, with two 26 watt 4100K lamps, and  

• three open aluminum reflectors normally used in desk lamps (Holtkoetter Lighting cat. 
0650*650506, without the frosted glass cover), each with one 150 watt double-ended 
halogen lamp.  
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Figure 4 shows a layout of the lighting fixtures in the apparatus. 
 The shutters on the framing projector were set so that it concentrated its light on a very 
precise rectangular 21.6cm (8 ½”) x 27.9cm (11”) area. The fluorescent downlight produced 
lighting that was uniform throughout the chamber floor. The halogen fixtures also produced 
uniform lighting. 
 To avoid warm-up and stabilization times and maintain constant light output, the 
fluorescent downlight remained on throughout the sessions.  Its luminous output was blocked 
when needed by placing a matte black 25.4cm (10)” x 25.4cm (10”) x 1.3cm (½”) piece of 
foamcore over its opening. 
 For some conditions, optically clear neutral density filters were placed in square holders 
in front of each of the lighting fixtures, in order to decrease the light output without modifying the 
spectral power distribution. One or more filters were used to produce transmittances that went 
from a maximum of 70% to a minimum of 2.1%. 
 All illuminance measurements were done with a Minolta T-2 illuminance meter with an 
accuracy rating of ±2%, ±1 digit in last changing display position. 

Procedures 
 Testing was conducted between February 17 and March 1, 2000.  Subjects participated 
in one session, approximately 90 minutes long, each of which was the same except for the order 
of presentation of the test conditions and the specific test forms used. Detailed procedures for an 
individual session are reported in Appendix B. 
 The data were analyzed using a repeated measures analysis of variance with the SPSS 
9.0 software package. Since the experiment was not fully crossed, four separate repeated 
measures analyses were performed: a) Illuminance vs. Uniformity, b) Illuminance vs. 
Background, c) Illuminance vs. CCT, and d) Uniformity vs. Background. Main effects were tested 
and when significant, follow-up pairwise comparisons were used to verify significance of each of 
the illumination parameters for the different measures tested. 

Results 
 Table 2 reports the overall means and standard deviations for each dependent measure, 
at each level of the independent variables. Table 3 summarizes the statistically significant results 
from the repeated measures analysis of variance, and shows that of the four parameters varied, 
illuminance significantly affected the NVT Test measure and all the subjective measures. 
Background significantly affected some of the subjective measures (like/dislike, 
comfortable/uncomfortable, pleasant color of light/unpleasant color of light, and overall 
preference). Uniformity and CCT did not significantly affect any of the measures. The only 
significant interaction was illuminance vs. uniformity for the “easy to read / difficult to read” 
subjective measure.  
 Follow-up pairwise comparison tests indicated a significant difference between at least 
two of the illuminance levels (high vs low) for all the measures with the exception of the Reading 
Test. Some of the measures (NVT Score, Bright/Dim and Easy/Difficult) showed a significant 
difference for all three illuminance levels (high-medium-low). 

Discussion 

Illuminance 
 NVT scores consistently improved with increasing illuminance, and follow-up tests 
indicated a significant difference in NVT score between all three illuminances. Figures 5, 6, and 7 
show the results for illuminance compared to uniformity, background and CCT, and illustrate that 
NVT score improved as illuminance increased for all the levels of uniformity, background and 
CCT. Comparing these results to previous literature, Smith and Rea (1978) reported a difference 
in performance between their “high” illuminance condition (1076 lux or 100 fc) and their “low” 
illuminance condition (10.76 lux or 1 fc), but not between the “high” condition and the “medium” 
condition (107.6 lux or 10 fc). In contrast, the results of this experiment show a significant 
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difference between the high illuminance condition (1290 lux) and both the medium (323 lux) and 
the low (54 lux) illuminance conditions. 
 Illuminance also had a significant effect on all six subjective measures. For example, 
Figures 8, 9, and 10 show the “Easy to read / Difficult to read” results for illuminance, as a 
function of uniformity, background and CCT, respectively. These figures show that subjects 
considered the task easier to perform as illuminance increased. In addition, there was a 
significant difference in the remaining five subjective measures, between the high and low, and 
the medium and low illuminance levels. Subjects preferred the high illuminance levels, were more 
comfortable under them, found the color of the light to be more pleasant, and reported that they 
would rather have a high illuminance for their everyday reading, than a low illuminance. 

Background 
 Task background also significantly affected the subjective measures. Follow-up tests 
indicated a significant effect of background on the like/dislike, comfortable/uncomfortable, 
pleasant color of light/unpleasant color of light, and overall preference measures. Figures 11, 12, 
13, and 14 show the results from the follow-up comparison tests for background as a function of 
uniformity and illuminance, for the like/dislike and comfortable/uncomfortable subjective 
measures respectively. These figures illustrate that subjects preferred a black background 
instead of a white background.  
 Importantly, the difference between the two background conditions was greatest at the 
high illuminance and with the uniform distribution. This is consistent with what is expected for 
older eyes. Light that is not directly incident on the task and that instead falls on the adjacent 
areas will be scattered inside the eye. In this experiment, this scattering would be greatest for the 
white background at high illuminance, with a uniform distribution. The black background received 
its most favorable rating for the uniformly high illuminance condition. 
 Even though the background effect was significant for some subjective measures, it did 
not significantly affect performance, indicating that any inter-ocular scatter caused by the white 
background did not reduce retinal image contrast enough to reduce performance. This is not too 
surprising, given the high contrast tasks, diffuse surfaces, and lack of noticeable direct or 
reflected glare. Even so, Figure 6 shows that the highest NVT score was achieved for the high 
illuminance, black background condition. 

Uniformity 
 Although not statistically significant, the results of the uniformity changes showed a trend 
similar to those for background, in keeping with the expectations for older eyes. Figure 5 shows 
that at the high illuminance, the highest NVT scores were achieved for the non-uniform 
conditions; subjective ratings were also generally more favorable for the non-uniform conditions. 
These trends merit further investigation in future work. 

Conclusion 
 In this experiment, an illuminance of over 100 fc produced the highest visual performance 
and was the most preferred by elderly subjects. Furthermore, the subjects rated a black 
background the most favorably. The statistical significance of these effects, and their consistency 
with expectations based on the aging visual system, support their use in design 
recommendations for task lighting applications for the elderly. Background may also affect 
performance, and uniformity of illuminance around the task may affect both performance and 
preference. These possible effects need further investigation. 
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TABLES AND FIGURES 
 
 
 
 

Table 1: Details of the 17 test conditions 
 

 
Test Condition 

 

 
Background 

 
Uniformity 

 
CCT 

 
Illuminance 

1 White Uniform Warm High 
 

2 White Uniform Warm Medium 
 

3 White Uniform Warm Low 
 

4 White Uniform Cool High 
 

5 White Uniform Cool Medium 
 

6 White Uniform Cool Low 
 

7 White Nonuniform low 
gradient 

Warm High 
 

8 White Nonuniform low 
gradient 

Warm Medium 
 

9 White Nonuniform low 
gradient 

Warm Low 
 

10 White Nonuniform 
high gradient 

Warm High 
 

11 White Nonuniform 
high gradient 

Warm Medium 
 

12 White Nonuniform 
high gradient 

Warm Low 
 

13 Black Uniform Warm High 
 

14 Black Uniform Warm Medium 
 

15 Black Uniform Warm Low 
 

16 Black Nonuniform low 
gradient 

Warm High 
 

17 Black Nonuniform 
high gradient 

Warm High 
 

 
 
 

 - 7 -



Task lighting for the elderly  Robert G. Davis & Antonio Garza 

Table 2: Detailed Results 
 

Independent Variable µ s µ s µ s µ s
Illuminance
High 41.85 11.53 12.97 1.67 3.70 1.30 3.69 1.19
Medium 39.32 10.89 13.38 1.98 4.33 1.68 4.18 1.64
Low 36.87 10.78 14.16 3.39 6.04 0.83 5.93 0.89
Uniformity
Uniform 39.10 10.88 13.46 2.19 4.50 1.00 4.48 1.00
NULG 40.20 11.25 13.78 2.44 4.40 1.29 4.28 1.15
NUHG 40.65 11.68 13.05 1.95 4.63 1.21 4.44 1.21
CCT
Warm 40.05 11.29 13.43 2.11 4.45 1.06 4.35 1.03
Cool 38.20 10.25 13.47 2.42 4.76 1.25 4.76 1.17
Background
White 39.10 10.88 13.49 2.24 4.84 1.11 4.76 1.12
Black 40.20 11.25 13.32 1.89 3.72 1.25 3.62 1.14

DEPENDENT VARIABLE MEASURES
NVT Test Read Test Comf/UncomfLike/Dislike

 
 

Table 2 (continued) 

Independent Variable µ s µ s µ s µ s
Illuminance
High 3.74 0.79 3.44 1.19 3.76 1.10 4.11 1.17
Medium 5.15 0.76 4.33 1.51 4.26 1.57 4.66 1.50
Low 6.27 0.60 5.95 0.89 5.44 1.33 6.24 0.6
Uniformity
Uniform 4.87 0.58 4.48 0.93 4.35 1.04 4.90 0.9
NULG 4.88 0.57 4.35 1.27 4.16 1.37 4.69 1.25
NUHG 4.87 1.06 4.25 1.16 4.46 1.25 4.87 1.06
CCT
Warm 4.84 0.54 4.34 1.00 4.27 1.15 4.78 0.94
Cool 5.04 0.82 4.67 1.07 4.61 1.07 5.14 1.24
Background
White 5.09 0.57 4.65 1.09 4.60 1.13 5.13 1.0
Black 4.34 0.71 3.78 1.02 3.68 1.23 4.15 1.1

DEPENDENT VARIABLE MEASURES
Bright/Dim Easy/Difficult Pleas/Unpleas Avail/NotAvail

5

7

5
0
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TABLE 3: Results of repeated measures analysis of variance 
(only significant results, α = 0.05 shown) 

 
 

M easure F Significance
Illum inance vs U niform ity
Illuminance N V T  T est 18.55 < 0.001

R ead T est 3.45 0.044
Like/D islike 21.15 < 0.001
C omf/U ncomf 18.78 < 0.001
B right/D im 86.51 < 0.001
E asy/D ifficult 27.19 < 0.001
Pleas/U npleas 15.21 < 0.001
Avail/N o t Avail 14.87 < 0.001

Illuminance * U nifo rmity E asy/D ifficult 3 .39 0.014

Illum inance vs B ackground
Illuminance N V T  T est 11.03 < 0.001

Like/D islike 28.35 < 0.001
C omf/U ncomf 25.02 < 0.001
B right/D im 93.80 < 0.001
E asy/D ifficult 43.93 < 0.001
Pleas/U npleas 14.97 < 0.001
Avail/N o t Avail 19.99 < 0.001

B ackground Like/D islike 13.88 0.002
C omf/U ncomf 14.45 0.002
Pleas/U npleas 13.68 0.002
Avail/N o t Avail 8 .80 0.009

Illum inance vs C C T
Illuminance N V T  T est 10.89 < 0.001

Like/D islike 19.26 < 0.001
C omf/U ncomf 13.54 < 0.001
B right/D im 42.08 < 0.001
E asy/D ifficult 40.63 < 0.001
Pleas/U npleas 7.58 0.002
Avail/N o t Avail 14.69 < 0.001

U niform ity vs B ackground
B ackground Like/D islike 5.84 0.028

C omf/U ncomf 10.85 0.005
E asy/D ifficult 4 .66 0.046
Pleas/U npleas 6.15 0.025
Avail/N o t Avail 11.23 0.004
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Figure 1: Elderly Population 
 

Older Population by Age: 1900-2050
Source: U.S. Bureau of the Census
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Figure 2: Results of proofreading experiment (Smith and Rea, 1978) 
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Figure 3: Photograph of apparatus 
 

 
 
 
 

Figure 4: Layout of lighting fixtures in ceiling of apparatus (plan view) 
(HR = halogen reflector; FD = CFL downlight; FP = framing projector; front of box at bottom of graphic) 
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Figure 5: NVT Score - Illuminance vs. Uniformity 
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Figure 6: NVT Score - Illuminance vs. Background 
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Figure 7: NVT Score - Illuminance vs. CCT 
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Figure 8: Easy/Difficult score - Illuminance vs. Uniformity 
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Figure 9: Easy/Difficult score - Illuminance vs. Background 
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Figure 10: Easy/Difficult score - Illuminance vs. CCT 
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Figure 11: Like/Dislike score - Uniformity vs. Background 
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Figure 12: Like/Dislike score -  Illuminance vs. Background 
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Figure 13: Comfortable/Uncomfortable score -  Uniformity vs. Background 
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Figure 14: Comfortable/Uncomfortable score -  Illuminance vs. Background 
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Appendix A: Samples of Test Materials 

 
83243  83243    
--------  -------- 
76475  76475 
--------  -------- 
05023  05123 
--------  -------- 
89236  89236 
--------  -------- 
17958  17958 
--------  -------- 
77426  77486 
--------  -------- 
00199  00199 
--------  -------- 
28431  28931 
--------  -------- 
41047  41547 
--------  -------- 
41073  41073 
--------  -------- 
97614  97614 
--------  -------- 
95168  95168 
--------  -------- 
72276  72276 
--------  -------- 
49882  49882 
--------  -------- 
14197  14197 
--------  -------- 
08457  08457 
--------  -------- 
06783  06783 
--------  -------- 
45858  45858 
--------  -------- 
94660  92660 
--------  -------- 
85160  85160 

 
Figure A1 – Sample of the Numerical Verification Test (NVT) 
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The little boy ate so much candy that he soon grew very big 
 

My favorite time of day is when the sun goes behind a cloud 
 

Our mother tells us that we should wear heavy coats outside 
 

Figure A2  - Sample of the MNRead Test Sentences 
 
 

 
 
 
 
 
How would you rate this lighting for reading? 
 
                            Like:____:____:____:____:____:____:____:Dislike 
 
                Comfortable:____:____:____:____:____:____:____:Uncomfortable 
 
                   Too Bright:____:____:____:____:____:____:____:Too Dim 
 
                Easy to Read:____:____:____:____:____:____:____:Difficult to Read 
 
Pleasant Color of Light:____:____:____:____:____:____:____:Unpleasant Color of    Light 
 
 
Would you like to have this kind of lighting available for your everyday reading? 
 
 
             Yes:____:____:____:____:____:____:____:No 
 

Figure A3  - Sample of Subjective Preference Questionnaire 
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Appendix B: Procedures in a typical test session 
During any particular session, the room was fully lighted while the research investigator waited 
inside the room. When the subject entered the room he/she was welcomed by the research 
investigator and was asked to sit at a table adjacent to the test chamber. The research 
investigator explained the purpose of the experiment and the procedure to the subject. Examples 
of the three visual tasks were presented to the subject for review, and the subjects were asked to 
perform each of them until they were certain of the procedure.   
   
After the subject indicated that they understood the tasks to be performed, they were asked to 
sign an “Informed Consent Form”. The research investigator then directed the subject to the 
testing chamber. The subject was asked to wear whatever spectacles they normally used for 
reading. The subject sat in an adjustable office chair. The height of the chair was adjusted so that 
the subject could place his/her chin on a chin-rest so that the subject could “see the task clearly” 
when shown an NVT, Read Test and subjective preference questionnaires under test condition 
#2. Chair adjustments were performed until the subject indicated that they were in a comfortable 
position and could see the task clearly. The distance between the subject’s eyes and the center 
of the task varied from subject to subject, with an average of approximately 35 inches. Once the 
subject’s sitting position was defined, this distance remained constant for each subject throughout 
the testing session. All the testing performed was binocular. Room lights were kept off throughout 
the testing session except during breaks. Each subject was assigned a unique subject number 
from 1 to 17. 
 
Because changing between the white and black surrounding reflectance was time consuming, 
complete randomization of the illumination conditions was not practical. Instead, all the odd-
numbered subjects saw all the illumination conditions that included a white background first, 
followed by all the illumination conditions that included a black background. The even-numbered 
subjects saw the illumination conditions that included a black-background first, followed by the 
illumination conditions that included a white background. Once per session, a two to three minute 
break was necessary to change the background from white to black or vice-versa. Each subject 
saw each of the seventeen illumination conditions once for each test. Additionally, each subject 
saw three practice conditions (randomly selected from the seventeen illumination conditions) 
before the real tests were performed. These three conditions had a background that was the 
same as the first real test that was scheduled for that particular subject. Therefore, a subject went 
through a total of 20 tests. Within the white or black background, the illumination conditions 
appeared in random order for each subject.  
 
The order in which the subjects saw the tasks was established so that the odd-numbered 
subjects performed the NVT first, while the even-numbered subjects performed the Read Test 
first. The subjective preference questionnaire was always the third task for all the subjects since it 
was important that the subjects had performed both the NVT and the Read Test before evaluating 
the preference measures. The order in which a subject performed the three tasks was constant 
during all his/her test trials. During the test session, the test materials were arranged in the order 
that corresponded to the subject (NVT-Read Test-Preference or Read Test-NVT-Preference). 
The materials were placed in the center (side to side) of the floor of the testing chamber, with the 
center of the task 25.4cm (10”) from the front of the apparatus. The materials were initially 
covered by an 21.6cm x 27.9cm (8 ½” x 11”) white piece of cardboard. The subject was then 
exposed to the first condition and allowed one minute to adapt to it. Then the white cardboard 
was removed and the subject was instructed to begin the first task. A stopwatch was used to time 
the subject for the task. For the NVT test, the investigator said, “begin now” and the subject 
indicated they were through by saying “OK” or “done” aloud. For the Read Test, the investigator 
said, “begin now” and when the subject completed the sentences, the stopwatch was stopped. 
For the reading test, the number of errors the subject committed was recorded in addition to the 
time it took to read the sentences. 
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Once the first task was completed, the research investigator recorded the time (and errors for the 
Read Test) and removed that particular task.  A white 21.6cm x 27.9cm (8 ½” x 11”) sheet of 
paper remained on top of the stack in order to cover the second task.  The research investigator 
removed this white sheet of paper and instructed the subject to begin the second task.  Once the 
second task was completed, the research investigator recorded the time (and errors for the Read 
test) and removed the task from the stack.  A white 21.6cm x 27.9cm (8 ½” x 11”) sheet of paper 
remained on top of the stack in order to cover the third task.   
 
Finally, the research investigator removed the white sheet of paper and instructed the subject to 
answer the subjective preference questionnaire.  There was no time limit for answering the 
subjective preference questionnaire.  Once the subject indicated that he/she had completed the 
questionnaire, the research investigator removed it from the test chamber and placed a new stack 
of tasks for the next trial.  The next illumination condition was set up, by turning lamps on or off 
and/or by placing or removing neutral density filters in front of the light sources.  The subject 
adapted to the new illumination condition for one minute, then completed the three tasks as 
before.  
 
No performance feedback was provided to the subjects during the experiment.  Subjects were 
instructed not to look outside the viewing chamber in between trials, and were also instructed to 
avoid looking up at the light sources throughout the trials. 
 
After each subject concluded the twenty trials, his/her visual acuity was tested and recorded 
using a Lighthouse Near Visual Acuity Chart #C170.  
 
The subjects were frequently asked whether they needed a break or anything else to keep them 
comfortable. The room was maintained at a comfortable temperature and was free from sound 
sources that could distract the subject. At a minimum, a single two to three minute break was 
taken while changing the background from black to white or vice-versa, approximately at the 
middle of the session. Two subjects requested one additional break during the session; one 
subject requested two additional breaks during the session. The rest of the subjects did not 
request one. As a whole the session lasted approximately 75 minutes; some subjects took as little 
as 60 minutes and others as long as 120 minutes. 
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