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Abstract

In outdoor environments after dark, pedestrians may experience discomfort from glare caused
by lighting. Several models to predict discomfort glare have been proposed or extended for
pedestrian applications; these models use different luminous and geometrical quantities to
predict discomfort. Consistent measurements and reporting in discomfort glare studies are
important for identifying best performing models; however, previous studies proposing a new
model tended to only report the performance of the new model and its quantities. This practice
makes it difficult to evaluate how a new model performs compared to other existing models. To
promote more consistent and complete reporting, this research note proposes measuring and
reporting all relevant quantities that are used in existing models. This can make it easier for
researchers to use a study dataset to compare the performance of several models or to

combine datasets from several studies to address between-study variance.
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1. Introduction

Discomfort from glare can be defined as a sensation of annoyance or pain without necessarily
impairing one’s vision or visual performance.! In outdoor spaces after dark, pedestrians may
experience discomfort from luminaires mounted at different heights, including those specifically
installed to illuminate pedestrian walkways. A pedestrian’s gaze scans the general environment
to perform different tasks above and below eye level, such as detecting trip hazards and
identifying an approaching person’s face and gestures.?3 As a result of this flexibility in gaze
direction, pedestrians may be able to resolve the luminance distribution in the aperture, such as
bright spots from an LED array. Compared to drivers, pedestrian’s movement speed is lower,
which limits the applicability of some models developed for drivers such as the Glare Control

Mark that considers the number of luminaires per kilometer.*

Previous studies have proposed several models that relate lighting conditions to subjective
ratings. Only a few models were developed specifically for pedestrian applications, including the
models by Bullough et al.,>® Lin et al.,” Tashiro et al.,® Kohko et al.,’ and CEN Rg,.° Other
models that might be relevant for pedestrian application include Unified Glare Rating small-
source extension (UGRs),! Bennett Cumulative Brightness Evaluation (CBE),* Petherbridge
and Hopkinson,*? Schmidt-Clausen and Bindels,*® and CIE R'yc model.** Evaluating the
performance of these models and their applicability to pedestrian applications remains an active
area of research and discussion such as in the IES Discomfort Glare in Outdoor Nighttime

Environments committee.

Unfortunately, studies of discomfort from glare document only the measurements relevant to the
specific model being tested. For example, some studies did not report average luminance of the
source (Lavg),*>* background luminance (Ly),° or source size.®> Uncommon quantities used in
newer models are unlikely to be reported because such quantities might be used only in one or
few models, such as maximum luminance (Lmax) used in the model proposed by Bullough et al.
in 2011. Differences in reported quantities across different studies limit the ability to
independently reanalyze datasets underlying published studies to evaluate all potential models.
These differences make it only possible to compare the performance of a model based on one
study to the performance of another model based on another study. For example, comparing
the performance of UGRs from one study to the performance of the Bullough et al. 2008 model
from another study.'”® This can be problematic due to the range of lighting conditions and

differences in experimental methods.



Current inconsistency in measuring and reporting quantities in glare experiments is hindering
the process of reaching consensus. Different researchers utilizing consistent measurements
and reporting would enable the identification of best-performing models to predict discomfort
from glare. In this research note, we recommend a common set of quantities to measure and
report in studies of discomfort from glare for pedestrian applications. The goal is to encourage
more comprehensive within-study comparisons of several models and allow researchers to use
datasets from several studies to evaluate multiple models, addressing between-study variance.
More robust reporting of stimulus conditions will also make past data more valuable as new
models are proposed in the future. The scope of this work does not include overall best
practices for research conduct and statistical analysis, which are discussed in other recent

studies.1819

Existing models of discomfort from glare use different terms to describe the stimulus, as
summarized in Table 1. While there are overlaps between models (i.e., the same quantity is

used in several models), there are also quantities unigue to just one model.

Table 1: A matrix showing the different quantities used in discomfort from glare models. Cells with the letter y indicate
that a model uses the corresponding quantity.

Quantities used in models
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Petherbridge and Hopkinson y - - - -y - - -y - - -
Schmidt-Clausen and Bindels - - - - y - - - - y - -
Bennett CBE y - - - -y - - -y Yy - -
UGRs - y - - - y - - y - - y -
Bullough et al. 2008 - -y - - -y Yy - - e
Bullough et al. 2011 - -y Yy - -y Yy - - e
Lin et al. 2014 y - - - - - - - y - -
Lin et al. 2015 - - y - - - - y - - y - -
CEN Rai - y - - - - - - - - - - y
CIE R'ue y - - - y |y - - . y . y -
Lavg: average source luminance Lb: background luminance w: source solid angle
I: source intensity toward the eye Ei: indirect illuminance 0: eccentricity of the source
Eq: direct illuminance at the eye from source  Ea: ambient illuminance p: the Guth position index
Lmax: maximum source luminance R: distance of source from eye Ap: projected area of source

k: uniformity correction



Lin et al. (2014 model),” Petherbridge and Hopkinson,'? and Bennett's CBE model use Layg to
describe source luminance.* In these models, higher Layg is related to more discomfort. On the
other hand, for small sources with a projected luminous area smaller than 0.005 m? Paul and
Einhorn (1999) found the luminous intensity (I) to be more predictive of discomfort from glare
than Layg, making the UGRs model more appropriate. More recently, the UGRs model was
extended to outdoor lighting applications by Tyukhova and Waters.” Maximum luminous
intensity limits are included in CIE 115:2010 for pedestrian and low-speed traffic areas.?® On the
other hand, the European standard 13201 recommends the R model for pedestrian

applications, using both luminous intensity and projected luminous area (Ap).*°

Other models such as those by Schmidt-Clausen and Bindels and Bullough et al. 2008 use
direct illuminance at the eye from the source (Eq).*° Bullough et al. proposed the use of Eqand
Lmax for sources subtending more than 0.3° in visual size.®® The inclusion of Lmax might help
differentiate between sources that cause the same Eq4 but differ in their luminance distribution
and uniformity. Figure 1 shows luminaires with different luminance distributions and the

corresponding context of each luminaire.

To predict discomfort from non-uniform sources, Tashiro et al. and Kohko et al. proposed
models that include a weighted luminance term called effective luminance (Lex).2® Using a
luminance map of the glare source where each pixel represents a luminance measurement, the
weighting scheme predicts higher discomfort from glare as pixel luminance increases. Recently,
CIE 232:2019 (Discomfort Caused by Glare from Luminaires with a Non-Uniform Source
Luminance) proposed the use of the R've model that includes a uniformity correction factor (k) to

address glare from non-uniform sources.'*



Figure 1: Examples of outdoor luminaires with different aperture geometry, diffusion, and background areas. The top
row shows close-up images of the luminaires that are shown within their contexts in the bottom row.

Background areas can affect discomfort from glare; a higher source to background contrast
being associated with higher discomfort.”® Different models use different variables to express
this. For example, Lin et al. (2014 model) uses the ratio between Layg and Ly,” UGRSs uses the
ratio between luminous intensity and Ly,** and Schmidt-Clausen and Bindels model uses the
ratio between Eq4 and L,.** The model by Bullough et al. uses the contrast between Eq and
indirect illuminance from source (Ei).>*® E; quantifies light from the glare source that is reflected
from buildings, pavement, and other surrounding surfaces. Their decision to use E; was to
account for realistic situations with non-uniform backgrounds that can include buildings, dark
sky, and trees (Figure 1/ bottom row). As a result, models based on a singular background
luminance value might not provide robust predictions. Another term in their model, E,,
represents light from other lighting installations. Higher E; and E, values reduce the magnitude

of predicted discomfort.

Geometrical properties of source and viewing condition can affect discomfort from glare.*?
These include the distance of the observer from the source (R), the visual size (i.e., solid angle
of the glare source [w]), and its location within the field of view described using Guth’s position
index (p) and eccentricity (8).2 Eccentricity refers to the angular displacement of the source
from the point of fixation regardless of the direction (Figure 2). Generally, the closer the source

to the point of fixation, the larger the discomfort from glare.**?! A few models, such as Bullough



et al. (2008 model),® do not include a term for source location—the experiments used to derive

this model were conducted with participants directly viewing the source.

We recommend that all quantities listed in Table 1 be measured and reported in future studies
of discomfort from glare for pedestrian applications. While this article focuses on models and
guantities most relevant to pedestrians, studies examining other applications such as drivers
and interior lighting likely face similar challenges related to the consistency of reported

guantities, and hence may benefit from developing similar guidelines.

The following sections discuss the reporting of photometric quantities, geometric properties,
subjective ratings, and experimental settings and procedures. These items may be included in

the main text of a journal article or supplemental materials.

2. Recommendations for measuring and reporting the lighting stimulus

Typically, only Layg and L, have been measured and reported. Lmax may be important for sources
with a visual angle larger than 0.3° and are non-uniform.*® Reporting Lmax Will allow for further

investigation of its role when examining discomfort from uniform and non-uniform sources.

The measured luminance value is influenced by the capture angle of the instrument and the
encompassed area of the luminaire surface. If a spot luminance meter is used, Layg can be
measured when the measurement area (typically a circle) is just filled by the luminaire aperture.
To measure Lmax, SOme luminance meters have a “peak” setting that allows the experimenter to
scan across the aperture multiple times, and the meter will display the maximum value
measured while the trigger button is pressed. However, these measurements depend on the
viewing distance and optics; the measuring circle can be a small area encompassing one LED,
a larger area that includes most of the aperture, or an area so large that it includes the

background (Figure 2). Thus, repeatability can be an issue.

Alternatively, Imaging Luminance Measuring Devices (ILMDs) can be used to collect luminance
maps which can be processed to calculate Layg, Lb, Lmax, @and effective luminance (Lex) to take
non-uniformity into account. These luminance maps can also be helpful to test model
performance using different background and source area boundaries, such as Layg Of the LED or
the whole luminaire.?? Guidelines for collecting and analyzing luminance maps have been
discussed by others.1423-26 A question that warrants further investigation: Are ILMDs a viable
way for collecting scene luminances and converting them into illuminances at the eye on the

assumption that outdoor surfaces are Lambertian?
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Figure 2: Geometric properties of a light source (left graph), and spot luminance measurements (panels A, B, and C).
A captures average luminance primarily from an individual LED, B captures the average of an area with a
representative mix of LEDs and non-lighted area, and the C configuration includes background areas in the
measurement of average luminance, diluting the luminance contribution from the LED array.

L, has been defined differently in past studies, including a 30° circular area surrounding the
target,?2 a 20° circular area,?” a rectangular area that included road surfaces and targets,?? and
a rectangular area surrounding the source and fixation point.2 Given that there is no consensus
on the definition of background areas, it is important to clearly describe the size and shape of

background areas measured.

Direct (Eq), indirect (E;), and ambient illuminance (E.) are measured at the eye. They have been
shown to affect ratings of discomfort from glare.®> Measuring and reporting these quantities
would enable further assessments of the following models: Bullough et al. models,>*° Lin et al.
(2015 model),*® and Schmidt-Clausen and Bindels.*®

To measure Eqat the eye looking toward the light source, Tyukhova and Waters used a tube to
measure Eq, but noted the difficulty in aligning the tube with the glare source.?” A more practical
approach is to measure total illuminance at the eye (E;) and then use a baffle to block direct light
from source,?” which will measure the total of E;j and E, (Figure 3). Subtracting E; and Ea, from E;
yields Egq, the direct illuminance from the light source alone (Equation 1). To measure E,, the
source should be turned off, which may not be possible in field studies. Alternatively, a value of
20, 2, 0.2, and 0.02 Ix can be assumed for a very commercial urban, urban, suburban, and rural
district, respectively, as suggested by Bullough et al. and as defined by the environmental zones

of the CIE.>?® To measure Eq, Ei and Ea when not looking directly at the source, the same



procedure can be used, but the calculated Eq4 has to be cosine-weighted to account for source
eccentricity. Future studies exploring best measurement techniques for Egq, Ei, and E, for use in

laboratory and field settings would be valuable.

Eq = E; — (E;i + Eq) (1)

Total illuminance
at the eye (E)

Baffle to block E4

Figure 3: The schematic diagram on the right shows direct illuminance at the eye from source (Ed), indirect
illuminance (Ei), and ambient illuminance (Ea). The two graphs on the left show the measurement of total illuminance
and the use of a baffle to block Eg.

Luminous intensity is needed to calculate UGRs, Rg, and to check compliance with maximum
luminous intensity recommendations (CIE 115:2010).2° Equation 2 can be used to calculate
luminous intensity.! In this equation, 6 refers to the angle between the line of sight and the
direction of incident light. This equation is intended for situations where R is at least five times

the maximum dimension of the light source, which likely applies in most pedestrian applications.

[ = E; X R?
" cos@

(2)

Most models of discomfort from glare incorporate a variable that describes source position such
as the eccentricity of the luminaire’s aperture from the line of sight, the Guth position index,*
and/ or the distance of the source from the eye (Figure 2). Reporting the fixation point, the
mounting height of the source, and the horizontal distance between the participant and the

source is helpful for understanding the exact position of participants.



Most models of discomfort from glare address source size as a solid angle in steradians or
projected area. The solid angle is the source’s projected area, modified by the viewing distance.
Both solid angle and projected area are difficult to measure in the field, and even more
challenging if the luminaire has a dropped lens or non-planar light-emitting area. If the
luminaire’s geometry and dimensions are known, the solid angle can be calculated using
Equation 3, where A; is the projected area of the luminaire.?® The projected area is needed to
determine whether it is considered a small source and can be used in the Rg model. Describing
source size in plane angles is not recommended given that it only conveys the size of the

source in one direction.

Ap 3)

3. Recommendations for reporting participant ratings

The mean of ratings from all participants for a certain experimental condition has commonly
been used in outdoor studies to conduct regression and correlation analyses.>?? Studies may
report mean ratings in a table in the manuscript, but because mean ratings might mask
uncertainty in discomfort from glare responses,* we strongly recommend authors report

individual ratings in supplemental materials per journal format.

Studies may utilize different scales to elicit discomfort from glare ratings. Understanding the
scale is important to inform analyses by other researchers. Differences in responses might be
due to the use of different scales, labels, translations, and/ or instructions. Therefore, we
recommend reporting the wording and language of the questionnaire, rating scale, the scale
presentation method, and any descriptions, translations, or definitions provided to participants.
Stating that a study used the “de Boer scale” is likely insufficient information, given that there
were multiple iterations of the scale ascribed to that name.3!32 For example, the point ‘9’ on this

scale corresponded to ‘just noticeable’ in one study and ‘unnoticeable’ in another study.*22

4. Recommendations for reporting ancillary information

To explore effects of source luminance uniformity on glare ratings, we recommend that authors
report Le and effective solid angle (wer) for each viewing position,** which are needed to
calculate the uniformity correction parameter (k) in CIE R’uc model (Equation 4). Lew represents
average luminance of pixels with luminance greater than 500 cd/m?, and we describes the solid

angle of those pixels, requiring luminance maps from ILMDs.?® It is recommended to follow



resolution recommendations outlined in CIE 232:2019 to ensure that small sources are properly
represented. Uniformity metrics based on two points like Max:Min are not recommended

because they can be very sensitive to small changes in luminance map area or resolution.

2
g2 = Lerr” Cery (4)
L,wg2 w

The spectral power distribution (SPD) of the glare source likely affects responses to discomfort
from glare.33% However, reporting the source Correlated Colour Temperature (CCT) alone is
insufficient because CCT may not accurately represent variations in SPD; hence visual
differences can be perceived between two sources with the same CCT.%" Therefore, in addition
to reporting CCT, it is recommended to include a graph of light source SPDs and provide the
SPDs in tabular format as supplemental material. The tabulated SPD data will allow future
researchers to compute new quantities or explore different weighting as did Sweater-Hickcox et
al..® Given that it can be difficult to obtain SPDs from manufacturers, it is recommended to

measure luminaire SPDs on site using a spectrophotometer.

Describe the experimental setting with daytime and nighttime photos of the setup, as well as
photos of the luminaire. This information can clarify the lighting conditions experienced by
participants. If the experiment was conducted in an uncontrolled environment, report
environmental conditions such as ambient temperature, noise level, air speed, and other
characteristics that might prove distracting or could compound the participant’s discomfort.
Bullough et al. noted that wind might cause eye dryness which can affect ratings of discomfort
from glare.® Additionally, we recommend authors describe any wet or rainy conditions that can
affect the reflectance of outdoor surfaces, especially when making assumptions of Lambertian

reflectance to convert luminance measurements from ILMDs to illuminance.

Report the sample size, age groups, and visual condition of participants which will help future
researchers evaluate their potential effects on discomfort from glare, as raised by Lin et al..'®
Report the number of participants that had normal, corrected to normal, and uncorrected vision,
as well as those that had eye diseases or disabilities. Accounting for age and vision conditions

may help explain variability in responses between participants.

10



Given difficulties in luminance measurements and the use of different measurement procedures,
it is helpful to state the instruments used for lighting measurement and calibration status for the

range of illuminance, SPD, and luminance values.

5. Conclusion

Multiple models of discomfort from glare have been proposed for pedestrian applications, each
of which uses different terms. These models are under active consideration by researchers and
lighting standards organizations. More thorough reporting of the lighting stimulus, viewing
conditions, dependent measures, and procedures can help the industry reach a consensus on a
model for predicting discomfort from glare for pedestrians in outdoor nighttime environments.
This work provided a list of items that we recommend researchers measure and report in order
to maximize the value of the collected data. Open-access publication of study datasets is highly
encouraged to allow independent analysis of existing or new models by other researchers. The
availability of datasets would also allow researchers to utilize various statistical tests for model
evaluation. A wide-data format can be used where rows represent different experimental
conditions and the columns represent different variables and participant ratings from each
participant. Table 2 shows a summary of the recommendations. Some of the items are based
on existing models of discomfort from glare; hence, new quantities may be added to this list in
the future.

Table 2: A summary of recommended quantities and information to be reported in discomfort glare studies for
pedestrian application.

e Average and maximum luminance of the source
e Background luminance
e Direct, indirect, and ambient illuminance at the eye
Lighting stimulus e Luminous intensity
e Source position in terms of eccentricity, Guth position index, and
distance from the eye
e Source solid angle and projected area
Participant’s ratings o Individual ratings of discomfort glare
¢ Uniformity correction parameter
e Source CCT and spectral power distribution
e Research setting description: a photo or a sketch and ambient
Ancillary information environmental conditions
o Participant characteristics: sample size, age groups, and visual
condition
e Instruments, their calibration status, and measurement procedure

11



Conflict of Interest

The authors declare no potential conflicts of interest with respect to the research, authorship

and/or publication of this paper.

Funding

This work was supported by the U.S. Department of Energy’s Lighting R&D Program, part of the
Building Technologies Office within the Office of Energy Efficiency and Renewable Energy
(EERE).

Acknowledgments

We would like to thank Steve Fotios for his initial suggestion that the proposed guidelines would
be a welcome contribution to the literature. We would also like to thank Lia Irvin for her help with

pilot studies, Andrea Wilkerson, and Michael Royer for reviewing initial drafts of the manuscript.
ORCID information:
B Abboushi: 0000-0001-5881-0581

NJ Miller: 0000-0002-5652-0174

References

1. IES. ANSI/IES LS-1-20, Lighting Science: Nomenclature and Definitions for llluminating
Engineering — llluminating Engineering Society, https://www.ies.org/standards/definitions/
(2020, accessed 26 June 2021).

2. Fotios S, Uttley J, Cheal C, et al. Using eye-tracking to identify pedestrians’ critical visual
tasks, Part 1. Dual task approach. Lighting Research and Technology 2015; 47: 133—
148.

3. Foulsham T, Walker E, Kingstone A. The where, what and when of gaze allocation in the
lab and the natural environment. Vision Research 2011; 51: 1920-1931.

CIE. Discomfort Glare in Road Lighting and Vehicle Lighting CIE 243:2021. Vienna, 2021.
Bullough JD, Brons JA, Qi R, et al. Predicting discomfort glare from outdoor lighting
installations. Lighting Research and Technology 2008; 40: 225-242.

6. Bullough J, Hickcox K, Narendran N. A method for estimating discomfort glare from
exterior lighting systems. Troy, https://www.Irc.rpi.edu/programs/solidstate/assist/pdf/AR-
DiscomfortGlare.pdf (2011).

7. LinY, Liu Y, Sun Y,et al. Model predicting discomfort glare caused by LED road lights.

12



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Optics Express 2014; 22: 18056.
Tashiro T, Kawanobe S, Kimura-Minoda T, et al. Discomfort glare for white LED light
sources with different spatial arrangements. Lighting Research and Technology 2015; 47:
316-337.
Kohko S, Ayama M, lwata M, et al. Study on evaluation of LED lighting glare in
pedestrian zones. Journal of Light and Visual Environment 2015; 39: 15-25.
CEN. Road lighting - Part 2: Performance requirements EN 13201-2:2015. Brussels,
2015.
Paul BM, Einhorn HD. Discomfort glare from small light sources. International Journal of
Lighting Research and Technology 1999; 31: 139-144.
Petherbridge P, Hopkinson RG. Discomfort Glare and the Lighting of Buildings.
Transactions of the llluminating Engineering Society 1950; 15: 39-79.
Schmidt-Clausen H-J, Bindels JTH. Assessment of discomfort glare in motor vehicle
lighting. Lighting Research & Technology 1974; 6: 79-88.
CIE. Discomfort Caused by Glare from Luminaires with a Non-Uniform Source
Luminance CIE 232:2019. 2019. DOI: 10.25039/TR.232.2019.
Bullough J. Luminance versus Luminous Intensity as a Metric for Discomfort Glare. In:
SAE Technical Paper. 2011. DOI: https://doi.org/10.4271/2011-01-0111.
Lin Y, Fotios S, Wei M, et al. Eye movement and pupil size constriction under discomfort
glare. Investigative Ophthalmology and Visual Science 2015; 56: 1649—-1656.
Tyukhova Y, Waters CE. Discomfort Glare from Small, High-Luminance Light Sources
When Viewed against a Dark Surround. LEUKOS 2018; 14: 215-230.
Fotios S, Kent M. Measuring Discomfort from Glare: Recommendations for Good
Practice. LEUKOS 2020; 1-21.
Uttley J. Power Analysis, Sample Size, and Assessment of Statistical Assumptions—
Improving the Evidential Value of Lighting Research. LEUKOS 2019. DOI:
10.1080/15502724.2018.1533851.
CIE. Lighting of roads for motor and pedestrian traffic CIE 115:2010. 2nd Ed. 2010.
Luckiesh M, Guth S. Brightnesses in visual field at borderline between comfort and
discomfort. llluminating engineering 1949; 44: 650-670.
Villa C, Bremond R, Saint-Jacques E. Assessment of pedestrian discomfort glare from
urban LED lighting. Lighting Research and Technology 2017; 49: 147-172.
Safranek S, Davis RG. Sources of Error in HDRI for Luminance Measurement: A Review
of the Literature. LEUKOS 2021; 17: 187-208.

13



24,

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

Tyukhova Y, Waters C. An Assessment of High Dynamic Range Luminance
Measurements with LED Lighting. LEUKOS 2014; 10: 87-99.

Pierson C, Cauwerts C, Bodart M, et al. Tutorial: Luminance Maps for Daylighting Studies
from High Dynamic Range Photography. LEUKOS 2021; 17: 140-169.

CIE. Characterization of Imaging Luminance Measurement Devices (ILMDs) CIE
244:2021. Vienna. DOI: 10.25039/TR.244.2021.

Tyukhova Y. Discomfort glare from small, high luminance light sources in outdoor
nighttime environments. PhD Thesis. University of Nebraska — Lincoln, 2015.

CIE. Guidelines for minimizing sky glow CIE 126-1997. Vienna,
https://cie.co.at/publications/guidelines-minimizing-sky-glow (1997).

Quincey P. Solid angles in perspective. Physics Education 2020; 55: 55003.

Marchant P. Do brighter, whiter street lights improve road safety? Significance 2019; 16:
8-9.

Gellatly A, Weintraub D. User Reconfigurations of the De Boer Rating Scale for
Discomfort Glare. Ann Arbor, 1990.

Fotios S. Research Note: Uncertainty in subjective evaluation of discomfort glare.
Lighting Research & Technology 2015; 47: 379-383.

Sivak M, Flannagan MJ, Traube EC, et al. The Influence of Stimulus Duration on
Discomfort Glare for Persons With and Without Visual Correction. Transportation Human
Factors. DOI: 10.1207/sthf0102_4.

Yang Y, Luo RM, Huang WJ. Assessing glare, Part 3: Glare sources having different
colours. Lighting Research & Technology 2018; 50: 596-615.

Sweater-Hickcox K, Narendran N, Bullough JD, et al. Effect of different coloured luminous
surrounds on LED discomfort glare perception. Lighting Research and Technology 2013;
45:; 464-475.

Pierson C, Wienold J, Bodart M. Review of Factors Influencing Discomfort Glare
Perception from Daylight. LEUKOS 2018; 14: 111-148.

Durmus D. Correlated color temperature: Use and limitations. Lighting Research &
Technology 2021; 1-13.

14



	Abstract
	1. Introduction
	2. Recommendations for measuring and reporting the lighting stimulus
	3. Recommendations for reporting participant ratings
	4. Recommendations for reporting ancillary information
	5. Conclusion
	Conflict of Interest
	Funding
	Acknowledgments
	References



