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ABSTRACT  

Research results suggest that health in 
industrialized countries might be improved if 
people received a greater quantity of light at 
the eye. Achieving this using current 
architectural and lighting practices poses 
several challenges for research and for 
application. This paper explores issues of 
measurement and photometry using data 
from a dedicated daylighting facility. 
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1. INTRODUCTION 

CIE, in Report 158, concluded that one of 
the general principles for light and health is 
that there may be a necessary daily light 
dose that is higher than the light exposure of 
most individuals in industrialized nations [1]. 
Another of the general principles is the need 
to specify the light dose in terms of the light 
at the viewer's eye, rather than on the 
viewed horizontal or vertical plane for which 
there are illuminance recommendations. 
These two recommendations pose several 
challenges for research and for application; 
this paper explores issues related to 
photometry. 

Among the means to increase the daily 
light dose is to make use of daylight. 
Increasing light dose with daylight has the 
added advantage of energy efficiency 
because no electricity is required for its 
production. However, like any light source, 
effective daylight requires control. Direct 
sunlight through an unshielded window is 
too bright for comfort, and can also reduce 
task visibility. When given the opportunity, 
occupants of offices with regular glass 
windows will close the blinds to block direct 
sunlight [2,4]. Thus, the presence of a 
window does not ensure that a higher light 
dose will be received.  

This paper reports data from an 
experiment comparing two ways to control 
daylight: a translucent daylight sandwich 

panel and a neutral density glass window 
with a low-transmittance perforated fabric 
blind. The experiment included extensive 
measurements of mood, well-being, and 
office work performance of occupants. 
However, this paper reports only 
photometric measurements related to the 
light dose received at the occupants' seats, 
and luminous conditions in the rooms. 

2. METHOD 

2.1 Experimental conditions 

The NRC/IRC Daylighting facility in Ottawa, 
Canada (45,32o N and 75,67o W) consists of 
identical side-by-side enclosed offices with 
full glazing above the workplane on a SSE-
facing façade. Each room measures 2,89 m 
wide by 4,57 m deep. The rooms were 
furnished as 2-person shared offices with 
identical desk, chair, and computer. Each 
occupant faced 45 degrees left or right 
relative to the façade, with the façade in the 
field of view (Figure 1). To accommodate the 
entry door without crowding the occupants, 
the left-hand desk was slightly closer to the 
façade than the right-hand desk. The electric 
lighting in both rooms was a recessed 
paracube louvered system, with 3500 K, 
CRI>80 triphosphor lamps on electronic 
dimming ballasts, operated by daylight-
linked dimming to maintain the desktop 
illuminance to at least 450 lx.  

The Room A glazing was a translucent 
daylight sandwich panel system of 20% 
transmittance, with a centre section of 30% 
neutral density glass to provide a view. The 
centre section amounted to 11% of the total 
glazed area; thus, the net transmittance in 
Room A was 21%. Room B was completely 
glazed with a 30% transmittance neutral 
density glass, together with a perforated 
fabric blind of 5% transmittance that was 
pulled down on clear- and variable-sky days, 
for a net transmittance of 1.5%. The rooms 
had identical glazing areas. The blind 
permitted a view while limiting direct sun.  
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Figure 1. Photographs of Room A (top 
panel) and Room B (bottom panel), taken at 
noon on March 3, 2004 from the doorway. 
Exposure time and f-stop were matched. 
The blind is lowered in room B. 

2.2 Photometry protocol 

Instruments automatically recorded 
illuminance values at 12 locations in each 
room; vertical exterior illuminance; 
temperatures; lighting control settings; and, 
electric energy use for lighting and 
supplemental heating, every 30 seconds, 7 
days per week, for the six weeks of the 
experiment (mid-February to late March 
2004). A separate weather station located 
on the building roof recorded global total and 
diffuse irradiance measurements.  

Measurements at the viewer's location while 
experimental participants were in the rooms 
were impossible. Therefore we developed 
an extensive photometry protocol for days 
when there were no participants. We 
repeated these measurements on 8 days 
during the testing period, and on 8 
occasions each day, between the hours of 
09:00 and 16:30. (Detailed luminance and 
illuminance distribution measurements were 
taken on three other days, and will be 
reported elsewhere.) 

The photometry protocol included 
illuminance measurements taken at the two 

occupant seats. Illuminances on the six 
faces of a cube at approximately head 
height were supplemented by illuminance 
from a shielded sensor inclined at 25 
degrees from vertical, modelled after the 
one described by Navvab, Siminovitch, and 
Love [3]. Figure 2 shows the instrumented 
office chair used for these measurements. 
Radiant and air temperature at torso height 
were also measured. 

Figure 2. Instrumented office chair used for 
occupant location measurements. 

Cubic 
illuminance 
head 

Shielded 
illuminance 
sensor 

Photopic illuminances were used because 
there is no specific measurement unit for 
photobiological effects. Spectral irradiance 
measurements in the vertical plane at head-
height of the seated occupants were taken 
to allow subsequent application of novel 
spectral responsivity curves. 
Spectroradiometric radiance measurements 
from 6 vertical points on the walls were used 
to determine spot luminances, and to track 
radiance between 450-470 nm, the peak 
sensitivity range of photoreceptors for 
melatonin regulation [1]. 

3. RESULTS 

3.1 Comparing luminous conditions 

The photometry protocol was repeated 128 
times for each room (8 days * 8 occasions * 
2 desks). Descriptive statistics for key 
variables are shown in Table 1. 

The ten selected interior measurements 
for the two rooms were compared using 
multivariate analysis of variance (MANOVA) 
(we ignored time-of-day as a variable 
because its effects are known). Only the 
correlated colour temperature (CCT) in the 
approximate location of the head of the 
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seated viewer (Viewer CCT) was not 
different for the two rooms. This is 
unsurprising as the view was dominated by 
the computer monitor, which was identical in 
the two rooms. Room A delivered higher 
illuminance and luminance, a greater 450-
470 nm radiance dose, and a slightly higher 
wall CCT, using less electric light  
(expressed here as dimmer setting) and with 
a greater percentage of the total illuminance 
from daylight, than Room B. 

Table 1. Means and standard deviations (in 
parentheses) of illuminance conditions 
averaged across all seating positions, times 
of day, and measurement days. 
 Room A Room B 
Exterior E (lx) 46606 

(34763) 
46057 

(35398) 
Diffuse Sky (%) 53 (39) 56 (39) 
Desktop E (lx) 1734 

(1325) 
573 (195) 

Face E (lx) 1109 (868) 310 (181) 
Shielded E (lx) 303 (224) 100 (181) 
Wall E (lx) 915 (672) 307 (96) 
Dimmer Setting 
(%) 

14 (7) 35 (16) 

Daylight on 
Desk (%) 

84 (21) 39 (36) 

Viewer CCT (K)  5189 (312) 5130 (766) 
Wall CCT (K) 4818 (296) 4425 (709) 
Wall I (cd/m2) 243 (185) 80 (24) 
Wall 450-470 
nm radiance 
(W/sr/m2) 

0,0292 
(0,0226) 

0,0075 
(0,0042) 

Lighting Quality and Bothersome Glare 
ratings using NRC-developed scales 
showed that the higher illuminances were 
not perceived to be problematic: For the 41 
participants in this counterbalanced 
repeated-measures design, the median 
overall Lighting Quality rating (scale of 0-4, 
higher scores indicate higher quality) for 
Room A was 3,0 and for Room B was 2,8; 
for Bothersome Glare, both medians were 
0,5 (higher scores indicate more 
bothersome glare, range 0-4). 

Even in rooms with 64% of the façade 
area glazed, and facing SSE, interior 
illuminances where occupants sit were 1-2 
orders of magnitude lower than exterior 
illuminances. Moreover, the amount of light 
reaching the eye was quite small, as seen in 
the shielded illuminance values (Shielded 
E).  

The intercorrelations between these 
variables were generally high, although the 
pattern differed somewhat within the two 
rooms (see next section). We particularly 
looked at correlations involving Shielded E. 
The apparatus was a custom adaptation, as 
no comparable commercial product yet 
exists. The correlation between Shielded E 
and the unshielded vertical sensor (Face E) 
was r=0,97. Therefore, perhaps a vertical 
unshielded sensor would provide equivalent 
information to the inclined shielded sensor, 
with the added benefit of being repeatable in 
other laboratories. 

3.2 Predicting light dose 

One goal of the detailed photometry protocol 
was to obtain sufficient information about 
relationships between the system state and 
the viewer-located measurements to predict 
the viewer-location values for the participant 
testing days, when it was impossible to 
measure them directly. We can then sum 
the predicted exposure values to determine 
the total light dose in each room over time. 

Variations in the light reaching the viewer 
occurred because of variations in the light 
sources, which were daylight and electric 
light. These light sources themselves varied 
by time and date. Six separate regressions 
were run (four room and desk geometries 
and, in room B, split by the presence or 
absence of the window blind) with four 
independent variables: Exterior E, Dimmer 
%, Date, and Time. For this paper, we 
selected two dependent variables of those 
shown in Table 1: Shielded E and Face E. 

The six linear regression models were 
statistically significant for both dependent 
variables, but the accuracy of the model 
varied for different geometries. Table 2 
shows a summary for the prediction 
equations, omitting the regression weights 
for date and time. The effect of lowering the 
blind in room B was to reverse the relative 
importance of electric light (Dimmer %) and 
illuminance from outdoors (Exterior E).  

Explained variance was highest under 
conditions of diffuse daylight [in room A and 
in room B on cloudy days (no blind)]. When 
direct daylight was occasionally present [in 
room B on clear days (blind down)], there 
was more noise in the data and the 
percentage of explained variance was lower. 
The orientation of the rooms resulted in the 
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left desk receiving more direct sun than the 
right, and therefore it showed poorer 
predictions. This phenomenon affected the 
Face E sensor more than the Shielded E 
sensor. 

Table 2. Explained variance and Beta 
weights for Dimmer % (D%) and Exterior E 
(EE) regressed on two dependent variables. 
NB: no blind. B: blind. All statistics p<.05 
except a. A analyses, df=4, 58. B-NB 
analyses df=4, 11. B-B analyses df=4, 43. 
 Shielded E Face E 
Room R2 β-

D% 
β-
EE 

R2 β-
D% 

β-
EE 

A       
Left ,96 ,12 1,0 ,97 ,07 ,99 
Right ,96 ,12 1,0 ,97 ,11 1,0 
B-NB       
Left  1,0 ,52 1,3 ,99 ,10a 1,1 
Right  ,99 ,28 1,2 ,99 ,15 1,1 
B-B       
Left ,82 1,0 ,47 ,40 ,34 ,45 
Right ,91 ,98 ,52 ,48 ,52 ,46 

4. DISCUSSION 

These analyses are part of a larger 
experiment concerning the effects of these 
lighting conditions on office occupants. 
These analyses are ongoing. These 
measurements alone reveal issues for both 
researchers and designers. For researchers: 

− A detailed measurement protocol can 
supply predicted photometric scores 
when direct measurement is impossible, 
but requires a thorough understanding 
of the lighting geometry and optics. 

− Streamlined procedures and 
inexpensive field monitoring equipment 
are needed to facilitate studying light 
dose effects. This protocol and post-
processing were very labour-intensive.  

− A shielded inclined illuminance sensor 
might be a more stable device for 
recording light dose than an unshielded 
vertical sensor (particularly under daylit 
conditions), but a common design is 
needed as well as evidence that this 
metric predicts behavioural and 
physiological responses. 

Concerning design, this work leads to the 
following conclusions: 

− Achieving high interior illuminances at 
viewers' locations is a design challenge, 

particularly if one wishes to avoid glare 
from direct sunlight.  

− The translucent daylight sandwich panel 
delivered high light levels without 
compromising ratings of lighting quality.  
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