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SIGNIFICANCE: Systematic lighting assessments should be part of low vision evaluations. The LuxIQ has gained
popularity as an assessment tool, but its reliability has not been examined independently and is necessary for
evidence-based vision rehabilitation.

PURPOSE:Besidesmagnification, improved lighting levels are a common intervention in reading rehabilitation for
individuals with low vision. Determining the appropriate lighting can be a complex and time-consuming task. The
LuxIQ is a portable lighting assessment tool that can be used to systematically measure lighting preferences; how-
ever, there is little independent evidence to support its reliability in low vision rehabilitation.

METHODS:One hundred nine control subjects (age, 18 to 85 years) and 64 individuals with low vision (age, 27 to
99 years) adjusted both the luminance and color temperature parameters on the LuxIQ while viewing a sentence on
the MNREAD at their preferred print size for continuous reading. After 30 minutes, they were asked to repeat the
same measurements.

RESULTS: Using Bland-Altman plots, test-retest variability was calculated using the limits of agreement (LOAs).
For illuminance, the LOA width was 2806 lux for control subjects and 2657 lux for visually impaired participants.
For color temperature, the LOA width was 2807 K for control subjects and 2364 K for those with a visual impair-
ment. Difference scores were centered near zero, indicating overall accuracy.

CONCLUSIONS: The measurement of lighting preference lacks the precision necessary for clinical utility, given
that the LOA for luminance ranged more than 2600 lux, with normally sighted and low vision participants. Such
variability translates into a range of approximately ±40 or 50 W in an incandescent light bulb, depending on the
luminance level, making it clinically difficult to narrow down the options for evidence-based lighting recommenda-
tions. Next steps are to examine whether the reading behavior of low vision clients is positively affected by interven-
tions that are based on LuxIQ recommendations.
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The most common functional complaint of individuals with vi-
sual impairment is difficulty with reading, which frequently results
in a referral to vision rehabilitation services.1 In fact, more than
60% of the patients referred to a low vision rehabilitation center ex-
perience trouble with reading.2 Owsley et al.3 reported that reading
difficulty was the most frequent cause for patients with age-related
macular degeneration to seek rehabilitation (86%of patients). Two
rehabilitation interventions aimed at improving reading perfor-
mance are magnification4 and increased lighting level.5 Determin-
ing the appropriate lighting intervention can be complex and time
consuming.6 One possible solution to this problem is a new device
called the LuxIQ (Jasper Ridge Inc., San Mateo, CA; Fig. 1), a por-
table lighting assessment tool. However, there is little independent
evidence to support the validity and reliability of the LuxIQ in low
vision rehabilitation, a gap the present study aimed to fill.

It is a frequent assumption in vision rehabilitation that increas-
ing light levels will result in increased performance.7–14 It is also
frequently found that the lighting levels in clients' homes are sub-
optimal. For example, Cullinan et al.15 and Brunnström et al.16 re-
ported that habitual home lighting levels were very low (e.g., 20 to
30 lux) and that visual performance on some tasks benefits from in-
creased lighting. However, assessment of the lighting needs of low-
vision clients is often based on trial and error. Perlmutter et al.6

demonstrated that, although standard measures that include the
use of lighting in home environments existed, practitioners gener-
ally did not systematically include home lighting evaluation in low
vision rehabilitation.

The main problem with systematically evaluating and measur-
ing lighting in low vision rehabilitation is that current assessment
tools and methods are complex and inefficient. Although light me-
ters are readily available, they are not commonly found in all reha-
bilitation centers, and most professionals are unfamiliar with their
use because of lack of training and/or exposure.17 The Home Environ-
ment Lighting Assessment6 does contain light meter use; however,
this protocol has not been fully integrated into standard low vision
care. In addition, the trial-and-error process of determining the ap-
propriate light source for a specific task under a specific condition
would require a large number of lamps, light bulbs, and test mate-
rials to be transported into the home. The LuxIQ is marketed as a
clinical user-friendly assessment tool for determining patients'
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FIGURE 1. The LuxIQ Light Exam System (http://jasperridge.net/).

TABLE 1. Participants' demographics and characteristics

Fully sighted Visually impaired

n 109 64

Sex

Male 43 24

Female 65 40

Unknown 1 —

Age (y)

M 42 76

SD 17 18

Range 18–85 27–99

Primary diagnosis

AMD 37

GL 5

Other 22

ETDRS acuity (logMAR/
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preferred lighting levels. The intended purpose of this device is to
simplify the prescription of lighting interventions in low vision reha-
bilitation by easily evaluating subjective preferences. The LuxIQ al-
lows for the practitioner or the client to adjust light illuminance and
color temperature while viewing text materials. Intensity can be
varied over a nominal range from 0 to 5000 lux, and color temper-
ature can be varied over a nominal range from 2700 to 6500 K. Il-
luminance and color temperature can be continuously adjusted
with amechanical slider. The suggested procedure for determining
a client's preference is quite simple, and the test takes only a few
minutes. A client is asked to move a slider to adjust the light level
to his/her preferred level and then is asked to set the color temper-
ature to the preferred level, starting at 6500 K (cold white). Using
these values, a manufacturer-provided reference table is used to
select an appropriate light bulb and a lamp to obtain these levels
in the real world.

Given the potential of this device to aid in prescribing appropri-
ate lighting to low vision clients, the time is right to examine the
physical and psychophysical properties of the LuxIQ and provide
data that can inform evidence-based practice. Therefore, we
assessed the test-retest variability of the LuxIQ in fully sighted
and visually impaired individuals.
Snellen)

M 0.01 (20/20) 0.68 (20/96)

SD 0.10 0.38

Min −0.12 (20/15) 0.00 (20/20)

Max 0.30 (20/40) 1.48 (20/604)

CS (logCS/% contrast)

M 1.83 (1.4%) 1.16 (6.9%)

SD 0.11 0.32

Min 1.32 (4.8%) 0.52 (30.2%)

Max 1.91 (1.2%) 1.76 (1.7%)

Three participants had a diagnosis of both AMD and GL. They were all
included in the AMD group, as this was their primary diagnosis.
AMD = age-related macular degeneration; CS = letter contrast sen-
sitivity; ETDRS = Early Treatment of Diabetic Retinopathy Study;
GL = glaucoma; M = mean.
METHODS

Participants

One hundred nine control subjects and 64 low vision clients
were recruited. Control participants were fully sighted clients at
the Clinique universitaire de la vision of the School of Optometry,
University of Montreal, whereas data of low vision participants were
collected among the rehabilitation clients of the CRIR/Centre de
réadaptation MAB-Mackay du CIUSSS du Centre-Ouest-de-l'Île-
de-Montréal. The mean age (standard deviation, range) of control
subjects was 42 (17, 18 to 85) years, and that of low vision partic-
ipants was 76 (18, 27 to 99) years. Demographics and descriptive
variables of the study participants are shown in Table 1. The study
protocol was approved by the institutional review board of the
www.optvissci.com Optom Vis Sci 201
Centre de recherche interdisciplinaire en réadaptation duMontréal
métropolitain (CRIR no. 1091-0715), and all participants provided
informed written consent.
Calibrations

The reading area framed by the LuxIQ spans 17.9 cm wide and
7.4 cm high. The illuminances generated by the LuxIQ within this
framed area were measured using a Hagner Universal Photometer
S2 (B Hagner AB, Solna, Sweden) whose probe was placed under
the LuxIQ at the same plane as the text material. Measurements
were taken with the room lights off, with the LuxIQ as the only
source of illumination. Measurements were obtained at three hori-
zontal locations (left, center, and right sides of the illuminated
area). The slider was adjusted in 500-lux increments ascending
from the slider position of 0 to 5000 lux and then descending from
5000 to 0 lux, thus generating two repeated measurements for
each illuminance setting. The device was fully recharged in-
between each use to ensure optimal illuminance output.
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FIGURE 2. Illuminance as measured by photometry. Measured values
are plotted against the lux value indicated on the LuxIQ slider scale.
Measured values (ascending and descending) were generally at least
500 lux below the value indicated on the LuxIQ slider. Solid round in-
dicates center position; triangle, left position; and square, right posi-
tion in the plane of the reading material.

TABLE 2. Comparison of illuminance and color temperature settings
as a function of participant group

Fully
sighted

Visually
impaired

P Cohen dMean SD Mean SD

Illuminance setting (lux)

Initial 2057 973 3058 1353 <.005 0.89

Retest 2212 921 3121 1393 <.001 0.81

Color temperaturesetting (K)

Initial 5185 951 4727 1145 <.001 −0.45

Retest 5260 870 4732 1077 <.001 −0.56

Pairwise comparison was conducted using independent-samples t tests.
Cohen d indicates the magnitude of the effect size.

Test–retest of the LuxIQ — Wittich et al.
Procedures

Participants were seated at a table, and an MNREAD reading
acuity chart was placed on an angled reading stand at a distance
of 40 cm. The MNREAD reading acuity chart was chosen because
of its high validity and reliability18 and its previous use in low vision
reading assessment in patients with age-related macular degener-
ation7 and glaucoma.19 The coefficients of repeatability of this
reading test are ±0.05 logMAR for reading acuity, ±0.12 logMAR
for critical print size, and ±8.6 words per minute for reading
speed.20 The setting for fully sighted participants was a controlled
laboratory environment with 62.0 Cd/m2 background illumination
(168.3 lux in illuminance on the MNREAD reading acuity chart).
Data with low vision participants were collected in their individual
homes during rehabilitation home visits. Therefore, the lighting
conditions varied widely but were consistent for each participant;
however, they were always within the photopic range, according
to the low vision rehabilitation professionals who collected the
data. All participants had at least 20 minutes to adapt to their re-
spective lighting conditions, during which the informed consent
for the study was obtained.

Participants viewed the chart binocularly and chose a sentence
print size they would find comfortable for extended reading under
ambient lighting conditions. All individuals who collected data
underwent an online training session via Skype (Microsoft Corpora-
tion, Redmond, WA), provided either by an employee of Jasper
Ridge, the vendor of the LuxIQ, or by someone who had received
such instruction, as this training is included in the purchase of
the device. A LuxIQ Light Exam System (Jasper Ridge Inc.) was
placed over the sentence (Fig. 1), and participants were asked to ad-
just illuminance using the slider to a level they would find comfort-
able for extended binocular reading. For this initial measurement,
color temperature was fixed at 6500 K, and participants were
allowed to take as much time as they needed. Once the illuminance
was set, participants were then instructed to adjust the color tem-
perature to a preferred level. Finally, participants were asked to re-
adjust illuminance at their preferred color temperature. Thirtyminutes
www.optvissci.com Optom Vis Sci 201
later, participants were asked to repeat the same protocol (trial 2).
Please note that the units on the sliding levers were covered during
the experiment to avoid influencing participants' choices.
RESULTS

Calibration

A repeated-measures analysis of variance did not find a signifi-
cant effect of repeat illuminancemeasurements, but it did find sta-
tistically significant differences as a function of measurement
location (left, center, right; F2,18 = 162.145, P ≥ .001). The aver-
age measured illuminance for each slider position for the three lo-
cations is plotted in Fig. 2. For all locations, there was no light
emitted by the LuxIQ until the slider was moved greater than
500 lux. Although the illuminance at all three locations increased
with increasing slider positions greater than 500 lux, the slopes
of the two peripheral locationswere shallower than that of themiddle
position. Importantly, the shape of the illuminance versus slider po-
sition curve was not linear. Compressive nonlinearities were seen
with higher slider positions. For the center position, the differences
between slider-indicated lux and actual measured lux were approxi-
mately −500 lux at the lowest and highest slider settings, with a dif-
ference of only −300 lux at intermediate settings. For the lateral
positions, the differences were − 500 lux at the lowest setting but
continuously increased as the slider settings were increased,
reaching a difference of near 1500 lux at a slider setting of 5000.

Control Variables

Independent-samples t tests were used to compare participant
groups on illuminance and color preferences at each time point
(Table 2). Individuals with low vision preferred statistically signifi-
cantly warmer color temperatures and dimmer illuminance settings
than fully sighted controls, both at test and at retest, respectively.
Multivariate linear regression analyses were performed to assess
the independent influences of sex, age, acuity, and letter contrast
threshold (MARS test)21 on the LuxIQ settings. None of the factors
predicted color temperature or illuminance settings.

The repeatability of the choice of illuminance and color temper-
ature was assessed by comparing values between trial 1 and trial 2.
As suggested by Bland and Altman,22–25 the differences in illumi-
nance and color temperature values between the two trials are
8; Vol 95(9) 854
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FIGURE 3.Bland-Altman plot for illuminance. Differences (test-retest) are plotted as a function of mean illuminance ([test + retest] / 2) for fully sighted
participants (open circles) and those with visual impairment (filled circles). Bubble size increases for overlapping data points (largest bubble, n = 9).
Dotted lines represent the limits of agreement (LOAs) for participants with visual impairment (mean, −100; LOA width, 2657 lux). The solid bold line
indicates the lower LOA for fully sighted participants. The upper limit of the fully sighted subjects overlaps with that of the visually impaired group (mean,
93 lux; LOA width, 2806 lux).

Test–retest of the LuxIQ — Wittich et al.
plotted against the average of the values on the two trials. Any sys-
tematic differences between settings on trial 1 and trial 2 are
reflected in the mean difference score. For the illuminance, average
lux settings in the second trial were 155.0 lux higher than those in
trial 1 for control participants and 64.1 lux higher for visually im-
paired participants (Fig. 3). For color temperature, the mean differ-
ence for control participants was 75.9 K higher on the second
trial, and for visually impaired participants, it was 4.7 K higher than
that on trial 1 (Fig. 4).

The width of the limits of agreement (=mean value ± [1.96 �
the standard deviation of difference scores]) defines the range over
which 95% of the repeat data are distributed. We interpret the limit
of agreement from a clinical perspective; that is, is the range of
values obtained on repeated testing narrow enough to allow for a
clinically useful assessment of the underlying psychophysical pref-
erences for illuminance and color? For the illuminance values, the
limit of agreement for control participants was 2806 lux. That is,
95% of the differences in scores on repeated testing could statisti-
cally range ±1400 lux from the initial score. For visually impaired
participants, illuminance limit of agreement was 2657.4 lux. For
color temperature, the limits of agreement were 2807.6 K for fully
sighted participants and 2364.8 K for visually impaired individuals.

In the context of Bland-Altman plots, accuracy refers to the
placement of the limit of agreement in relation to zero. Ideally,
www.optvissci.com Optom Vis Sci 201
the limits of agreement are centered on or near and contain zero,
indicating equivalence of the two testing results. Both illuminance
and color temperature limits of agreement contained zero, whereby
themeans of the illuminance difference scores were−155 and−64
lux, andmean color temperature scores were−76 and−5K for fully
sighted and visually impaired participants, respectively. In addi-
tion, a significant shift in scores between testing points can be ex-
amined with the use of paired-samples t tests, whereby Cohen d
can be used as a measure of magnitude. For illuminance scores,
this shift of 155 lux in fully sighted participants was statistically
significant (t108 = −2.27, P = .03, d = −0.22); however, for visually im-
paired participants, this difference was not significant (t108 = −0.76,
P = .45, d = −0.12). For color temperature scores, neither group
demonstrated statistically significant shifts in the difference scores
(t63 = −1.11 [P = .27, d = −0.11] and t63 = −0.06 [P = .95,
d = −0.02], respectively).

Bias refers to any systematic relationship of the differences be-
tween the two test scores as a function of the mean of the two test
scores, for example, whether the differences between scores increase
for individuals who score higher on the test. This was evaluated using
Pearson correlation coefficients, whereby the data indicated no sig-
nificant correlation for fully sighted or visually impaired participants
for the illuminance measures (r2 = 0.01 and 0.02, respectively) and
the color temperature measures (r2 = 0.03 for both groups).
8; Vol 95(9) 855
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FIGURE 4. Bland-Altman plot for color temperature. Differences (test-retest) are plotted as a function of mean color temperature ([test + retest] / 2) for
fully sighted participants (open circles) and those with visual impairment (filled circles). Bubble size increases for overlapping data points (largest bub-
ble, n = 6). Dotted lines represent the limits of agreement (LOAs) for participants with visual impairment (mean, −51; LOA width, 2364K), and the solid
bold lines indicate the LOA for fully sighted participants (mean, −58; LOA width, 2807 K).

Test–retest of the LuxIQ — Wittich et al.
The magnitude of the intertrial differences varied across partici-
pants.We performedmultivariate regression to determine if the dif-
ferences could be predicted by demographics. None of the variables
(age, sex, acuity, contrast sensitivity) predicted thedifferencebetween
trial measurements for illuminance or for color temperature.

DISCUSSION

The purpose of the present study was to examine the test-retest
variability of the LuxIQ in fully sighted individuals and those with
low vision. We began by testing the calibration of the device and
found some deviations. Specifically, we found that the light-emitting
diodes did not turn on until the slider reached the 500-lux position
(similar to the requirement of a minimum forward voltage seen in
light-emitting diode circuits), that a compressive nonlinearity be-
tween slider settings and light outputs was observed at higher slider
www.optvissci.com Optom Vis Sci 201
positions (another property commonly seen in light-emitting diode
outputs at higher driving currents), and that illuminance varied as
a function of position in the light field of the device. In addition,
the relationship between the lux indicators printed on the slide scale
and physical light intensity was not accurate or linear. However, we
found that repeatability of the physical light measurement at any
given slider position was high.

We observed large differences between the initial preferred
levels and repeated illuminance and temperature choices, which
are comparable with illuminance preference ranges previously re-
ported when examining reading behavior in fully sighted university
students.26 As far as the clinical usefulness of the device is con-
cerned, our results indicate that measuring illuminance choice
with this device lacks precision. Limits of agreement for illuminance
ranged over 2700 lux for both participant groups. Practically, this
variation in choice levels translates into an approximately ±50-W dif-
ference in the incandescent light bulb prescribed byWeb-based app
8; Vol 95(9) 856
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that is linked to the LuxIQ. For example, when entering the lighting
preference at 2000 lux/5000 K, the LuxIQ light bulb calculator sug-
gested an incandescent bulb of 74W; however, if we repeated the cal-
culation with a conservative estimate of variability of ±1000 lux at the
same color temperature, the resulting recommendations were 37 and
111 W for the 1000- and 3000-lux preferences, respectively. Such
variability makes it clinically difficult to narrow down the options to
a clear evidence-based lighting recommendation. Similarly, the
color temperature measurements ranged more than 2400 K,
undermining a confidence in the repeatability of this measure.

The lack of reliability could be caused by a combination of the
instrument used to measure a subject's choice and the psycho-
physical variability around this choice. We know from our calibra-
tion data that if a subject chose the same illuminance levels
based on his/her psychophysical preference this should result in
similar settings on the instrument's slider scale. Small error in the
sliders position would not account for the large variability that we ob-
served. For example, to get an illumination difference of ±1550 lux
between repeated choices, the slider position would have to be
misadjusted by approximately +20 mm. This suggests that the lo-
cus of variability lies in the subject's psychophysical judgment,
which then also limits the potential for recommendations to im-
prove the reliability of the test. That is, a difference of up to
±1500 lux was not perceived as meaningful under the condition
of reading suprathreshold sentences in photopic illuminance con-
ditions. Seiple27 has recently published data showing that reading
speeds are relatively unaffected by illuminance once photopic
levels are reached.

The data presented here need to be viewed within the context of
several limitations. First, only one LuxIQ of the first generation of
lighting examination systems was tested; this model has since
been replaced with the LuxIQ/2. Therefore, some of the technical
aspects of our data may differ with the new model. Second, all par-
ticipants were unfamiliar with the device and provided only two
measurements. It is possible that repeated administration of the
LuxIQ and familiarity with its settings may result in more consis-
tency over time; however, such familiarity would unlikely be found
in the clinical context, as most rehabilitation participants receive
only one lighting assessment as part of their intervention. Third, it
is possible that illuminance judgments may have been influenced
by the text size of the MNREAD reading acuity chart sentences,
as participants with lower acuities would have chosen larger fonts
that covered a larger area of the reading area. However, luminance
www.optvissci.com Optom Vis Sci 201
perception for reading using a small section of the retina should be
based on local information instead of a global perception across a
larger area. Finally, some participants may have perceived changes
in illuminance as they adjusted color temperature, which is why the
protocol allowed them to readjust their illuminance judgment after
choosing the temperature setting. This effect has been shown to be
present but small.28

The present data indicate that the use of the LuxIQ will require
additional investigation to strengthen the relevant data foundation.
Ultimately, the judgment as to whether the use of the LuxIQ con-
tributes toward improved lighting assessment and recommenda-
tions, based on client preferences, needs to be made using a
variety of factors. For example, compared with the traditional
trial-and-error approach, the LuxIQ provides a systematic approach
that saves substantial clinical intervention time (5 vs. >30 mi-
nutes). In addition, education about the need for optimal lighting
can easily be accomplished by demonstrating different light levels
and color temperatures, using readily available reading materials
that are relevant to the client. Such education can be beneficial
for clients, their family members, and care providers, as well as vi-
sion rehabilitation professionals who are not yet familiar with the
need and importance of optimal lighting.

The next question that will need to be addressed is whether the
reading behavior of low vision clients is positively affected by light-
ing interventions that are based on LuxIQ recommendations.
Specifically, examinations of measures of reading speed, reading
comprehension, and reading behavior (e.g., frequency and dura-
tion) will be of interest and whether they result in an increase
of reading time, desire to read, and perceived comfort. These in-
creases may emerge, given that the new lighting environment
would be based on clients' preferred lighting conditions and that
individuals may have been educated about the importance of
optimal lighting. The impact of standardized lighting assess-
ments becomes clear when considering that, for example, eye
chart illuminance standards for the measurement of visual acu-
ity under photopic conditions have been developed and vali-
dated.29 Today, it would not occur to any eye care specialist or
vision researcher to evaluate acuity under nonoptimal conditions;
however, the assessment of functional ability in individuals with vi-
sion loss under nonoptimal lighting has not yet progressed to this
level of sophistication. The present study aimed to take us into this
direction by adding to the ongoing discussion about the relation-
ship between lighting and reading in low vision.
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