
A pilot study regarding to 
analysing the performance of the 
lighting system

Abstract
Through the studies that obtain information about the user experience on 

lighting system performance, user satisfaction can be obtained. These studies are 
significant in order to analyse the system as a later stage and make recommen-
dations. Following a post-occupancy evaluation (POE) study having focused on 
the user experience on the lighting system, the lighting system of the case study 
building has been analysed within this paper. In this analysis, the daylighting sys-
tem and artificial lighting system have been examined. The design parameters 
for each system have been determined and different scenarios have been created. 
Under the impact of different scenarios, the performances of the daylighting and 
artificial lighting systems were analysed through the validated lighting simulation 
software DIALUX. It has been observed that the scenarios created for both the 
daylighting system and the artificial lighting system have had different impacts 
on the related systems. Through this kind of analysis studies, the most suitable 
lighting system design solution can be obtained for the evaluated space.
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1. Introduction
Studies that obtain information 

on user experience regarding to the 
lighting system’s performance are sig-
nificant as user satisfaction can be 
provided accordingly. Related to this, 
obtaining the information on user 
experience through these studies is 
noteworthy when analysing the perfor-
mance of the lighting system. 

The related scholar literature un-
derlines that user satisfaction on day-
lighting system, artificial lighting 
system and lighting control systems 
can be acquired through the post-oc-
cupancy evaluation (POE) studies. By 
means of a POE study, drawbacks of 
the above-mentioned systems can be 
determined and appropriate design 
solutions can be produced (Hygge and 
Löfberg, 1999).

This paper aimed at analysing the 
performance of the lighting system 
in the case study building following 
a formerly conducted POE study that 
focused on obtaining the user experi-
ence on the lighting system. Daylight-
ing system and artificial lighting sys-
tem were analysed. The methodology 
consisted of determining the design 
parameters for each system and de-
veloping different scenarios evaluating 
the determined parameters. Using the 
lighting simulation software DIAL-
UX, the illuminance levels on the de-
termined work planes were calculated 
and compared considering the project 
information and the generated scenari-
os. It was observed that the parameters 
resulted in distinct impacts on the per-
formance of daylighting and artificial 
lighting systems. 

2. The pilot study 
Istanbul Technical University (ITU) 

Lecture Hall A Building in the Ayazaga 
Campus (Maslak, Istanbul) has been 
evaluated as the case study building. As 
the first phase, a POE study was con-
ducted in the lecture halls and seminar 
rooms of this case study building in 
March 2015 in order to obtain the eval-
uation of the students on the existing 
daylighting and artificial lighting sys-
tems. When the students were asked 
their general impression related to the 
visual environment in the lecture halls 
in the former POE study, more than 
half of them evaluated the lecture halls 
as bright. Some of their general evalu-
ations indicated that little light entered 
from the window and illumination of 
the board could be increased (Kaçel 
and Yener, 2015).

Based on the user evaluations ob-
tained from the POE study at the first 
phase, the performances of the lighting 
systems in the lecture halls were ana-
lysed as the second phase within this 
paper (Figure 1a). The width of the 
lecture hall studied in this paper was 
10.28m, the depth was 13.72m and 
the height was 7.03m. The illuminance 
levels on the work planes in the lecture 
hall were calculated for the evaluation 
the lighting system performance con-
sidering the selected parameters. As 
the work planes, horizontal plane was 

(a)

Figure 1.  The picture of the studied lecture hall  (photo by the author) (a) and the 
representation of the work planes used in the simulation study on the plan generated by 
DIALUX (diagram by the author) (b).

(b)
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assigned on the student desk surface 
and vertical plane was assigned on the 
white board surface on the wall oppo-
site the desk rows (Figure 1b).

The illuminance levels were calcu-
lated through the daylight simulation 
and artificial light simulation using the 
validated lighting simulation software 
DIALUX (DIALUX, 2016). The day-
light simulation was carried out for the 
Equinox date March 23rd at noon time. 
The International Commission on Illu-
mination (Commission Internationale 
de l´Eclairage - CIE) intermediate sky 
model was used in the daylight simu-
lation.

3. Design parameters of the lighting 
system and the pilot study

The design parameters, which have 
impact on providing the visual comfort 
conditions in the built environment, 
are defined as “sky luminance distri-
bution and illuminance; position of the 
sun, its impact on the luminance and 
illuminance; ground reflectance; dimen-
sion, location and reflectance of external 
obstructions (natural-artificial); win-
dow orientation; dimension, form and 
location of windows; light transmittance 
of windows; room dimensions; light re-
flectance of internal surfaces; qualitative 
and quantitative attributes of artificial 
light sources; qualitative and quantita-
tive attributes of luminaires; location 
of artificial light sources or luminaires; 
equipment and control system of artifi-
cial lighting system” (Küçükdoğu, 1982, 
p. 58-59). 

3.1. The design parameters within the 
frame of the pilot study

Among the design parameters in-
dicated in the scholar literature, three 

design parameters related to the day-
lighting system and three design pa-
rameters related to the artificial light-
ing were selected. The impact of the 
selected design parameters on the per-
formance of the daylighting system and 
artificial lighting system in the studied 
lecture hall were evaluated. As the de-
sign parameters related to the daylight-
ing system; dimension of window, light 
transmittance of window glazing and 
reflectance of internal surfaces were 
investigated. As the design parameters 
related to the artificial lighting system; 
type and specifications of lamp, type of 
luminaire and reflectance of internal 
surfaces were under consideration (Ta-
ble 1). 

In the studied lecture hall in this pi-
lot study, there was one side window 
looking towards the glazed gallery 
space between the two lecture halls. 
The dimension of the window was 
indicated 6.00m (width) and 4.00m 
(height) as the information on the 
project drawings. The light transmit-
tance of the glazing was considered as 
71% with the guidance of the manu-
facturer catalogue information for the 
type of glazing used in the building. 
The information for the artificial light-
ing system was indicated as linear 58W 
fluorescent luminaire on the project 
drawings. With the guidance of man-
ufacturer catalogue information, direct 
linear 58W fluorescent luminaire pro-
viding 5240lm luminous flux was eval-
uated in the artificial light simulation. 
The reflectance of internal surfaces 
were considered as 20% for the ceiling 
(ceiling material: metal sheet painted 
in dark colour), 73% for the walls (wall 
material: paint in light colour) and 46% 
for the floor (floor material: vinyl cov-
ering in medium colour) as a result of 
the materials determined during ob-
serving the lecture hall. 

In this pilot study considering a lec-
ture hall two evaluation matrices were 
generated, one of which focused on the 
daylighting system and the other one 
focused on the artificial lighting sys-
tem, in order to investigate the impact 
of selected design parameters of the 
systems’ performances. Each matrix 
contained four different scenarios by 
changing the design parameters. In the 
related given tables (Table 2 and Table 

Table 1. The design parameters for the daylighting system and 
artificial lighting system analysed in this pilot study.
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3), the grey-coloured boxes indicated 
the project information and the di-
agonally-hatched boxes indicated the 
changed design parameters:
•	 The evaluation matrix for the day-

lighting (DL) system (Table 2)
Scenario DL-1: The dimension 
of the window 8.00m (width) x 
3.00m (height) 
Scenario DL-2: The light trans-
mittance of the glazing 79% 
Scenario DL-3: The reflectance 
of the ceiling 80%
Scenario DL-4: The simultane-
ously change of the above-men-
tioned three design parameters

•	   The evaluation matrix for the arti-
ficial lighting (AL) system (Table 3)

Scenario AL-1: The type and 
power of lamp 40W light-emit-
ting diode (LED) luminaire pro-
viding 4200lm luminous flux 
Scenario AL-2: The type of lumi-
naire as direct and indirect  
Scenario AL-3: The reflectance 
of the ceiling 80%
Scenario AL-4: The simultane-
ously change of the above-men-
tioned three design parameters

As explaining the scenarios in de-
tail, the scenario DL-1 provided a lon-
ger window towards the middle of the 
lecture hall but kept the same window 
area as given on the project informa-
tion. The scenario DL-2 provided a 
higher light transmittance value cho-

sen from the same manufacturer’s 
catalogue information. The scenario 
DL-3 applied the average of the rec-
ommended reflectances for the ceiling 
as between 70% and 90% in the EN 
12464-1 (EN 12464-1, 2011). The sce-
nario DL-4 evaluated the impact of all 
three parameters within the evaluation 
matrix of the daylighting as a result of 
changing the parameters simultane-
ously. The scenario AL-1 underlined 
a luminaire with less lighting power 
consumption when compared with the 
project information. The scenario AL-2 
considered the impact of artificial light 
reflecting from the ceiling surface. The 
scenario AL-3 applies the same target 
as explained in the scenario DL-3. The 
scenario AL-4 evaluated the impact of 
all three parameters within the eval-
uation matrix of the artificial lighting 
as a result of changing the parameters 
simultaneously. 

4. Evaluation of the daylighting 
system

In the evaluation of the daylighting 
system performance; minimum (Emin), 
average (Eave) and maximum (Emax) il-
luminance levels on the work planes in 
the lecture hall were analysed (Table 
4). The work planes were considered 
as being on the student desks and the 
white board on the wall. 

Table 3.  The evaluation matrix for the design parameters of the artificial lighting analysed 
system in this study.

Table 2.  The evaluation matrix for the design parameters of the daylighting system analysed 
in this study.
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4.1. Work plane on the student desks
In the evaluation of the project in-

formation named as the Project, the av-
erage illuminance levels on the student 
desks on the window wall side (indi-
cated with the work planes A) were 
higher than the average illuminance 
levels on the student desks opposite the 
window wall (indicated with the work 
planes B). This proved the contribution 
of the side window on the illuminance 
levels. The average illuminance levels 
on the student desks on the window 
wall side from the middle of the lecture 
hall towards the upper levels (from the 
work plane SD-5A) provided the main-
tained illuminance level 500 lux given 
by the EN 12464-1 in order to provide 
the visual comfort conditions in adult 
education and lecture halls. This given 
illuminance level could not be provid-
ed on the student desks opposite the 
window wall. 

In the scenario DL-1 evaluating the 
change in the dimension of the win-
dow, the width of the window was en-
larged towards the middle of the lec-
ture hall. The illuminance levels on the 
student desks both on the window wall 
side and opposite the window wall in-
creased. The average illuminance levels 
on the student desks on the window 
wall side provided 500 lux starting from 

the work plane SD-4A. The scenario 
DL-2 was about the light transmittance 
of the window glazing and more ef-
fective for increasing the illuminance 
levels provided in the Project than the 
scenario DL-1, starting from the mid-
dle of the lecture hall towards the up-
per levels (from the work plane SD-5A 
for the student desks on the window 
wall side and the work plane SD-6B for 
the student desks opposite the window 
wall). In the scenario DL-3, which fo-
cused on the reflectance of the ceiling, 
a similar pattern was observed with the 
scenario DL-1 in terms of the increase 
in the illuminance levels. It has been 
seen that the scenario   DL-4 chang-
ing the dimension of the window, the 
light transmittance of the glazing and 
the reflectance of the ceiling simulta-
neously has the largest impact on the 
illuminance levels. The average illumi-
nance levels on the student desks on 
the window wall side was calculated as 
577 lux (Eave) on the work plane SD-2A 
and increased towards the upper levels 
of the lecture hall. The maintained illu-
minance level 500 lux given in the EN 
12464-1 was not provided on the stu-
dent desks opposite the window wall. 
The maximum illuminance level on 
the work plane SD-6B was calculated 
as 542 lux (Emax) and increased towards 

Table 4.  The illuminance level on the student desks and the white board in terms of the 
daylighting system.
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the upper levels of the lecture hall. 
When all the student desks were 

evaluated, the average illuminance lev-
el was calculated as 427 lux (Eave) in the 
Project. In the scenarios providing the 
maintained illuminance 500 lux giv-
en in the EN 12464-1, the average il-
luminance level was calculated as 510 
lux (Eave) in the scenario DL-1, 529 lux 
(Eave) in the scenario DL-2 and 728 lux 
(Eave) in the scenario DL-4. 

4.2. Work plane on the white board
The illuminance levels on the white 

board were evaluated (WB-1A). Start-
ing from the scenario DL-1, each sce-
nario increased the illuminance levels 
on the white board gradually. Having 
the largest impact, the average illumi-
nance level was calculated as 183 lux 
(Eave) in the scenario DL-4. The main-
tained illuminance 500 lux given in the 
EN 12464-1 for the boards could not be 
obtained on the white board surface. 

5. Evaluation of the artificial lighting 
system

In the evaluation of the artificial 
lighting  system performance; mini-
mum (Emin), average (Eave) and maxi-
mum (Emax) illuminance levels on the 
student desks and the white board on 
the wall were analysed as in the day-

lighting system evaluation (Table 5). 

5.1. Work plane on the student desks
In the evaluation of the project in-

formation named as the Project, it has 
been seen that most of the average il-
luminance levels on the student desks 
provided the maintenance illuminance 
500 lux indicated in the EN 12464-1. 

In the scenario AL-1 that evalu-
ated the type of lamp and power as 
40W LED, all the average illuminance 
levels on the student desks increased 
when compared with the Project and 
provided the maintained illuminance 
500 lux given in the EN 12464-1. The 
average illuminance level on the work 
plane SD-1A in the Project as 631 lux 
(Eave) was calculated as 788 lux (Eave) in 
the scenario AL-1. The scenario AL-2 
considered the impact of the direct 
and indirect luminaire on the artificial 
lighting performance. Due to the light 
reflected towards the dark-coloured 
ceiling with the reflectance 20%, the il-
luminance levels on the student desks 
decreased when compared with the 
Project. The number of student desks 
providing the maintained illuminance 
500 lux largely decreased. The scenario 
AL-3, which increased the reflectance 
of the ceiling as 80%, had less impact 
than the scenario AL-1. However, the 

Table 5:  The illuminance level on the student desks and the white board in terms of the 
artificial lighting system.
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scenario AL-3 increased the illumi-
nance levels on the student desks when 
compared with the Project. All the stu-
dent desks provided the maintained 
illuminance 500 lux given in the EN 
12464-1. In the scenario AL-4 evalu-
ating the type of lamp and power, the 
type of the luminaire and the reflec-
tance of the ceiling simultaneously, 
the illuminance levels increased when 
compared with the Project. Neverthe-
less, the scenario AL-4 was less effec-
tive than the scenarios AL-1 and AL-3. 
Except of one number of student desk, 
the maintained illuminance 500 lux 
given in the EN 12464-1 was obtained. 

When all the student desks were 
evaluated, the average illuminance lev-
el was calculated as 618 lux (Eave) in the 
Project. In the scenarios providing the 
maintained illuminance 500 lux given 
in the EN 12464-1, the average illumi-
nance was calculated as 765 lux (Eave) 
in the scenario AL-1, 718 lux (Eave) in 
the scenario AL-3 and 626 lux (Eave) in 
the scenario AL-4. 

5.2. Work plane on the white board
The illuminance levels on the white 

board (WB-1A) were evaluated. The 
scenarios AL-1, AL-3 and AL-4 in-
creased the illuminance levels. As the 
most effective scenario, the average il-
luminance level was calculated as 347 
lux (Eave) in the scenario AL-3. The 
maintained illuminance 500 lux given 
in the EN 12464-1 could not be ob-
tained on the white board surface. 

6. Conclusion
The performances of the daylighting 

system and artificial lighting system 
were evaluated by considering differ-
ent design parameters in the lecture 
halls of ITU Lecture Hall A Building 
as the case study building. In terms of 
the daylighting system in the project, 
the side window provided higher il-
luminance levels on the student desks 
on the window wall side than on the 
desks opposite the window wall. The 
highest increase in the illuminance 
levels on the student desks as the work 
plane was provided by the simultane-
ous change of the three design param-
eters as the dimension of the window, 
the light transmittance of the glazing 
and the reflectance of the ceiling. How-

ever, the maintained illuminance 500 
lux given for the lecture halls in the EN 
12464-1 could not be provided by the 
average illuminance levels on the stu-
dent desks opposite the window wall. 
The average illuminance level on all 
the student desks opposite the window 
wall was calculated as 375 lux (Eave) and 
the average illuminance level on all the 
student desks on the window wall side 
was calculated as 1080 lux (Eave).

The impact of the scenarios generat-
ed for the artificial lighting system was 
evaluated. The scenario changing the 
type and power of lamp as 40W LED 
was the most effective configuration on 
the increase in the illuminance levels 
on the student desks. The average illu-
minance level on all the student desks 
on the window wall side was calculated 
as 755 lux (Eave) and the average illu-
minance level on all the student desks 
opposite the window wall was calcu-
lated as 775 lux (Eave). Having an uni-
formity ratio 0.64 in the studied lecture 
hall, the uniformity ratio 0.60 given for 
the lecture halls in the EN 12464-1 was 
provided. In addition, comparing the 
performance of the 58W fluorescent 
luminaire and 40W LED luminaire 
showed the higher illuminance lev-
els obtained with less lighting power 
consumption. This underlines the sig-
nificance of energy efficient lighting 
approach.

None of the scenarios regarding to 
the daylighting system and artificial 
lighting system provided the main-
tained illuminance 500 lux given for 
the white boards in the EN 12464-1. 
As the highest values, the average illu-
minance level 183 lux (Eave) was calcu-
lated in the daylighting system analysis 
when the all three design parameters 
were changed and the average illumi-
nance level 347 lux (Eave) was calcu-
lated in the artificial lighting system 
when the reflectance of the ceiling was 
increased. As the maintained illumi-
nance 500 lux were not provided with 
any of the scenarios, it has been evalu-
ated that a lighting system for the white 
board was needed as supplementary to 
the lighting of the lecture hall. 

The scenarios, which were generated 
through the design parameters related 
to the daylighting system and artificial 
lighting system in the literature, were 
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analyzed in the studied lecture hall as 
the pilot study. The analysis aimed at 
evaluating the performance of the day-
lighting and artificial lighting systems 
under the changing scenarios. Being 
considered in the scenarios, the impact 
of the design parameters on the perfor-
mance of the lighting systems were an-
alysed. The analysis results were eval-
uated through comparing them to the 
illuminance levels given for providing 
the visual comfort conditions. The sce-
narios created for both the daylighting 
system and the artificial lighting sys-
tem have had different impacts on the 
performances of the systems. Through 
this kind of analysis studies, the most 
suitable lighting system design solu-
tion can be obtained for the evaluated 
space.
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