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ABSTRACT 

We present a method for predicting visual comfort 
conditions of occupants in daylit spaces. Using an 
online survey, 67 occupants of a multi-story open 
plan studio space evaluated long-term visual comfort 
at their workstations in a substantially daylit space 
which is known to have glare problems. Visual 
comfort simulations of each occupantÕs specific 
location were conducted and compared to the survey 
results. Simulations included discomfort glare, 
monitor contrast, visibility of the sun in the field of 
view and the presence of direct light on the 
workplane. It was found that combining all four 
modes of discomfort analysis allows close agreement 
with occupant assessments ranging from 69% of 
morning assessments up to 87% of afternoon 
assessments.  In contrast, following current practice 
by only considering a single source of discomfort, 
leads to under-predicting the glare problem. Only 29 
to 47 percent of significant visual comfort 
assessments in this study were caused by a solitary 
type of discomfort. These findings show that visual 
discomfort is often caused by multiple independent 
effects, which must be evaluated simultaneously for a 
reliable visual comfort analysis.   

INTRODUCTION 
For over eighty years, visual comfort prediction has 
remained one of the Ôholy grailsÕ of daylighting 
research. In this context, the authors define visual 
comfort as the absence of discomfort such as glare, 
insufficient visual contrast or the presence of visible 
direct sunlight. The goal of being able to predict 
discomfort during design is to avoid it altogether. 
With simultaneous growing interest in passive 
strategies to increase comfort and in greater 
transparency of building envelopes, designers are 
more than ever in need of reliable metrics to assess 
visual satisfaction in daylit spaces.  

Most comfort analyses focuses on only one 
parameter such as discomfort glare or the presence of 
direct sunlight. Such analyses tell only a small part of 
the story of perception in daylit spaces. Furthermore, 
no annual metric exists to assess the visual 
satisfaction of occupants in daylit spaces. As a result, 
the application of visual comfort analysis to design 
problems is seriously limited.  A number of comfort 
metrics have been proposed in the past that were 

created in the laboratory or via controlled studies; 
however, there has been little work applying these 
metrics to real, daylit interiors (Rubi–o et al., 1994; 
Jakubiec and Reinhart, 2012). This research aims to 
validate the applicability of visual comfort metrics 
for design by applying them in the field.  

To this end, the authors performed a comprehensive 
visual comfort analysis of the Harvard University 
Graduate School of Design studio spaces. The 
analysis accounts for discomfort glare probability, 
monitor contrast, visibility of the sun and direct 
sunlight on the workplane. The space is a five storey 
terraced open plan arrangement that houses over 500 
graduate students. It features clerestory windows and 
fully glazed north and south facing walls. The studio 
space is known to have visual comfort problems 
because each term students located in the most 
offending areas erect their own shading devices. An 
online survey was administered in which 67 
occupants participated who were either comfortable 
or experienced discomfort from daylight.  

The authors compare occupantsÕ reported visual 
comfort assessments against detailed simulations of 
their workspaces. The resulting visual comfort 
analysis detects when occupants will be 
uncomfortable. It also relates to the spatiality of a 
place, the time of occurrence and the primary causes 
of discomfort. Therefore, the analysis constitutes 
helpful clues to avoid discomfort problems during the 
design of a building.  

In this paper, a review of existing discomfort metrics 
is presented, followed by a detailed description of the 
simulation setup and an analysis of results. From this 
holistic analysis, detailed maps of occupant visual 
satisfaction at different times of day, categorized by 
primary cause and the intensity of discomfort, are 
created. The relative importance of discomfort glare, 
reduced monitor contrast and the presence of direct 
sunlight in determining occupant satisfaction as 
observed in this study are describe. In the discussion 
section, the importance of integrated visual comfort 
analysis that considers multiple sources of discomfort 
is explored within the context of existing comfort 
prediction methodologies. 

DISCOMFORT METRICS 
In daylit spaces, there are several possible causes of 
discomfort: discomfort glare, reduced monitor 
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contrast ratios from reflected daylight, visibility of 
the sun, and the presence of direct sunlight on the 
workplane. Discomfort due to electric lighting is not 
considered in this study. 

Discomfort Glare 
Discomfort glare is physical discomfort caused by 
extreme brightness, contrast or both. Contrast is 
defined as the weighted ratio of the size, location and 
brightness of glaring light sources in a field of vision 
when compared to the average visible luminance. In 
our analysis, the Daylight Glare Probability (DGP) 
(Wienold and Christoffersen, 2006) metric is utilized 
to represent discomfort glare because it accounts for 
contrast and brightness whereas other glare metrics 
only account for contrast. Jakubiec and Reinhart 
(2012) showed that DGP is the most robust of 
existing discomfort glare metrics and the least likely 
to give false positives. The specific expression of 
DGP is described in Equation 1 below, 
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where Ev is vertical illuminance measured at the eye, 
Ls is the brightness of a glare source with a contrast 
ratio three or greater relative to the visible luminous 
environment, �ñ�æ  is the size in solid angle of the glare 
source and P is the Guth position index which relates 
the position of the glare source in the field of view to 
human eye sensitivity. DGP evaluates in a range 
between zero and one, representing the percentage of 
people who would feel uncomfortable under a 
specific luminous environment. For example, a glare 
probability of 0.45 means an estimated 45% of 
people would feel discomfort in such a lighting 
situation.  

Monitor Contrast 
When light reflects from a monitor screen, the 
observable contrast between pixels is lowered. For 
specular (shiny) LCD screens, this problem is 
exasperated by veiling glare, when bright light 
sources are reflected in the monitor. The observable 
contrast ratio between bright (high state) and dark 
(low state) pixels can be calculated based on the 
amount of light reflected from a monitor as shown in 
Equation 2,  

�%�4 
L
�.�Á 
 E � .�å

�.�Å
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 (2)

where LH is the high state luminance, LL is the low 
state luminance and Lr is the amount of reflected 
light. According to ISO standard 9241-3:1992 (ISO, 
1992), contrast ratios above three are necessary to 
preserve readability. Later standards (ISO, 2008) 
suggest contrast ratios as high as four are necessary 
for a low state luminance of 10 cd/m2. 

Direct Sunlight 
Direct sunlight falling on the workplane or the eye 
directly is likely to cause discomfort. IES standard 
LM-83-12 suggests that illuminance from direct solar 
exposure over 1000 lux will cause discomfort 
(IESNA, 2012).  

METHODOLOGY 
Survey on Visual Comfort 
A survey was conducted of the students seated in the 
studio spaces of the Harvard University Graduate 
School of Design’s Gund Hall at the end of the 
Spring 2011 academic term accounting for the time 
from January 24 until April 15. Students were asked 
to select their desk using a numbered seating plan of 
the school or the label affixed to their desk and to 
describe in detail their visual satisfaction with the 
space. Students rated their comfort during the 
semester for three specific periods of the day: 
morning, from 8:00Ð12:00; midday, from 12:00Ð
14:00; and afternoon, from 14:00Ð18:00. For each of 
these intervals, students ranked their comfort in one 
of four categories: comfortable, perceptible 
discomfort, disturbing discomfort or intolerable 
discomfort. Students were also given the opportunity 
to describe the cause or causes of their discomfort 
and what actions they took in response. 

Visual Comfort Simulations 
A calibrated daylight simulation model was 
constructed of Gund Hall in the Radiance simulation 
engine. Radiance is a validated program created by 
the US Lawrence Berkeley National Laboratory, 
which employs a reverse raytracing algorithm based 
on the physical behavior of light in a volumetric, 
three-dimensional model (Ward, 1994). The model is 
geometrically accurate including its context and the 
glazing of nearby buildings.  
In accordance with the comfort metrics section, each 
survey respondent’s work area was the subject of 
discomfort glare, monitor contrast and direct sunlight 
simulations. DGP and monitor contrast were assessed 
hourly from January 24 until April 15. DGP 
predictions were made using the enhanced simplified 
DGP (eDGPs) method (Wienold, 2009). The eDGPs 
method substantially decreases calculation time by 
using a Radiance-based daylight coefficient method 
(Reinhart and Walkenhorst, 2001) to calculate 
vertical eye illuminance and rendered images of 
direct sunlight to determine contrast. Monitor 
contrast ratios were predicted based on illuminances 
calculated using a daylight coefficient method. In this 
study, monitor reflectance was standardized based on 
the average measurement of three monitor screens (a 
Dell U2412Mb LCD monitor, a Lenovo Thinkpad 
T520 laptop LCD screen, and a Lenovo desktop LCD 
screen) at 5.4% diffuse reflectance. LH and LL are 
fixed at realistic assumptions of 80 and 10 cd/m2 
respectively (Moghbell, 2012), yielding a default 
contrast ratio of eight without the presence of 
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Students also adapted the environment to their 
comfort needs. Student-built horizontal shading 
devices were accounted for in the simulation; 
however, some students additionally erected vertical 
shades during the semester, which were not 
considered. Predictions of visual satisfaction for 
students who built their own shading devices were 
accordingly more prone to error. 42.9% (9) of the 
morning, 40.1% (4) of the midday and 44.6% (4) of 
the afternoon predictions varying from the survey by 
more than one comfort threshold are accounted for 
by students who built custom shading devices. 

CONCLUSION 
This work shows that it is possible to use current 
visual comfort metrics to predict occupantÕs long-
term assessments of visual satisfaction in a complex 
daylit space. Our assessment explains, within one 
comfort threshold, between 68.7 and 86.6 percent of 
polled occupant responses depending on the time of 
day. Spatial trends of discomfort show good 
agreement with reported occupant values. In this 
study, using a single cause of discomfort would have 
resulted in missing significant periods and areas of 
discomfort within the space. It is reasonable to 
assume this is the case in other spaces as well, 
because discomfort glare, monitor contrast and the 
visibility of direct sunlight may occur independently 
in any space.   

Limitations of Study 
The survey data that is used to calibrate our semester-
long occupant assessment is the same data by which 
the analysis is evaluated. An independent data set is 
desirable for evaluation; however, the visual comfort 
metrics used to evaluate each hourly or six-minute 
time step are based on a wealth of research and 
experimental data. Therefore, the authors suggest that 
the trends observed in this study are already 
applicable to the design of comfortable, daylit spaces. 
The ability for occupants to adapt to a space is not 
currently considered in the authorsÕ visual comfort 
assessments; however, simulated adaptation data is 
available and will be included in future iterations of 
the study. 
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