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ABSTRACT

Further understanding the building occupants’ 
needs and behaviors can reduce lighting energy 
consumption. This research explores how the oc
cupancy and interior architectural aspects become 
effective in manual lighting control in offices. It in
volves a multiple sectioned questionnaire focus
ing on the possible architectural factors such as 
the desk position, the surface colours, the distance 
to window, the distance between desk and lighting 
switch, and inquiring participants’ manual lighting 
control behaviour through the photographs of mo
dified interior layouts, surface colours and time in
tervals. Statistical methods are used to determine 
the significant aspects, which may reduce the use 
of lighting control. Interior layout, distance to win
dow, time of the day, and number of occupants 
in the offices are the most significant contributions 
to the manual lighting control behaviour. To pay at
tention in these contributions, it would be possible 
to reduce the use of electricity for lighting while 
user satisfaction increases.

Keywords: lighting energy consumption, manu
al lighting control, interior layout, user behaviour

1. INTRODUCTION

User behaviour is the action involving the pre
sence of users and the way of performing their 
activities in the building [1, 2]. One possible ac
tion to decrease lighting electricity use has be

come the users’ control over the lighting systems 
due to its inevitable impact on total energy con
sumption [3–5]. Manual lighting control, which is 
a sub-branch of user behaviour, is the switch on/off 
control by the user without any automatic control 
systems involvement.

Only a few of user behaviour studies have fo
cused on manual lighting control [6]. Reinhart 
(2004) reviewed an extensive literature on exist
ing user behaviour models for manual lighting con
trol [7]. He emphasized the Hunt’s and Newsham’s 
model, generating switch on/off probabilities, as
suming that users control the lights twice a day 
(upon arrival and on departure) and daylight illu
minance has a strong role in switching on beha
viour [7, 8]. Both models did not, yet, consider the 
switch on/off events during occupation period, i.e. 
for lunch or short breaks [7]. Pigg (1996) figured 
out that absence time proportionally determines 
the switching off probability [9]. Bourgeois et al. 
(2005) mentioned studies about “active” and “pas
sive” users according to their stochastic functio
nality and dynamic responses to shortterm chan
ges in lighting conditions considering occupancy 
patterns [6, 10]. The active user referred to those 
who seek for optimal use of daylight, that con
trols artificial lighting and shading during the day, 
while the passive user referred to those who under
take no actions towards the lighting system during 
day [10, 11]. A recent study dealt with occupants’ 
lightinguse patterns as a function of electricity us
age of lighting and switchon times in offices. It 
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defined users as active and their relation to illu-
minance was significantly strong [5]. Daylight il-
luminance and absence time are two key variab-
les; and users are categorized as active and passive 
due to their action type. Arrivals and leaves dur-
ing the occupation period are other subject matters 
in this sense.

It is realized that architectural aspects have not 
yet been analyzed in relation to manual controls. 
For example, the relation of manual lighting con-
trol to occupants’ desk position and distance to win-
dow (which affects the direction of daylight coming 
on the desk area) to manual lighting controls are not 
inquired yet. Similarly, although daylight illumi-
nance has a powerful influence on lighting switch 
on/off actions, window area, distance to window 
and interior surface colours (walls, ceiling, floor), 
which determine the amount of illuminance, are not 
subjected to any correlation with the manual light-
ing control. Besides, triggering or inhibiting factors 
of lighting control (to turn on/off the lights) actions 
need to be explored since occupants’ illuminance 
preferences vary significantly among each other. If 
the users’ expectations, preferences and underlying 
reasons are understood in relation to architectural 
aspects, the manual lighting control could be modi-
fied to be more effective.

Utilizing such knowledge, architectural design 
can have an active role in energy savings revising/
or enhancing the users’ manual control action. If 
complexity of user actions complementing to light-
ing conditions and control are figured out thorough-
ly, such information would be integrated in simula-
tions to predict energy consumptions.

The purpose of this study is to examine the in-
fluence of the occupancy rate and the architectur-
al aspects of offices on manual lighting control 
behaviour to generate user behaviour data on ma-
nual lighting control. The research process involves 
a questionnaire, which was applied to the academic 
staff of the university in İzmir, Turkey. The ques-
tionnaire explores the spatial, visual and contextual 
factors that influence user behaviour. This research 
design addresses two research questions:

1. Do changes of interior architectural aspects 
(such as desk position, distance to window, distance 
to switch, surface colours, and orientation) in an of-
fice affect manual lighting control behaviour?

2. How the occupancy rate (absence and occu-
pancy time intervals) influence manual lighting con-
trol frequency?

2. SURVEY DESIGN

A multiplesectioned questionnaire was deve-
loped to reveal the participants’ current experience 
of her/his working environment and manual light-
ing control behaviour within their office. Consider-
ing that limited amount of daylight penetration may 
trigger the manual lighting control behaviour, the 
questionnaire was conducted during winter, specif-
ically in February 2015. The participants were pro-
vided with a finite time, i.e. one month, which they 
had to keep in mind when answering the questions –  
for instance, “how would you describe the daylight 
availability in your office for the last month? / the 
amount of light at this work area for the tasks you 
performed in the last one month: …”.

Participants are academic staff using offices at 
the university that is located in Izmir. Academic 
staffs enter/leave their offices frequently during the 
day depending on their lectures, seminars and mee-
tings, which would provide a variation of user be-
haviour to examine. Invitations to this survey were 
sent /distributed via email to participants. A to-
tal of 125 (60.8 % females and 39.2 % males; the 
age of 85 % < 36) out of 398 participants (approx. 
30 %) voluntarily submitted the questionnaire forms 
through ‘Survey’ (a questionnaire domain), which 
runs the statistical evaluations.

The questionnaire includes a variety of ques-
tion formats such as multiple-choice, Likert-scale 
and yesno questions. It is mainly composed of five 
sections that are described in detail below.

The first section of the questionnaire focuses 
on the architectural/physical conditions of the par-
ticipants’ current offices, and aimed to relate partic-
ipants’ visual satisfaction and manual lighting con-
trol preferences, which were gathered in subsequent 
sections. It involves a list of 9 multiplechoice ques-
tions, such as number of people working on the of-
fice, orientation of the room, total area of windows 
etc. The required information of the existing office 
environment was asked on the following two ques-
tions. Knowing the distance between their desk and 
the window (less than 1m, 1m2m, 2m5m, more 
than 5m) would be useful to interpret how they ben-
efit from daylight penetration on their workplace. 
Collecting data about the interior layout (i.e, when 
sitting on the desk, whether the window is on the 
left, right, back, front or other) provides an insight 
into daylight penetration direction. Besides, the 
daylight illuminance on their desks may have dis-
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tinct and varying evaluations about their visual en-
vironment depending on the direction of occupants’ 
view (whether the occupant is facing window -front 
layout- or facing wall -back layout). Participants 
were also asked to indicate whether they suffer from 
glare or not.

The second section of the questionnaire evalu-
ates the satisfaction with daylighting availability 
and artificial lighting environment separately with 
a format of five level Likert rating designating as 
1=not very satisfied, 2=unsatisfied, 3=medium, 4= 
satisfied, 5= very satisfied. A subsequent semantic 
scale is constructed to collect information on how 
participants assess the amount of light in the room, 
on the desk and at the computer screen. It ranged 
from –2, too dim, to +2, too much, with a neutral 
value of 0 corresponding to the right amount of 
lighting. Besides that, users were asked to define 
the tasks (such as working with computer, read-
ing or writing) they accomplish, and their frequen-
cies, using a five scaled rating. The frequency scales 
are composed of five categories, such as; 1=all the 
time, 2=most frequent, 3=sometimes, 4=rarely and 
5=never.

Questions of the third section concentrate on ma-
nual lighting control habits and subjective reasons 
behind it. To reveal participants’ manual lighting 
control actions, first they were asked to describe the 
frequency of their manual lighting control through 
the day. Then, four groups of questions were asked 
about reasons effecting their manual lighting con-
trol or inhibiting their control; aspects influencing 
them to turn on the lights; and the ones not to turn 
on (such as visual comfort needs, indicating occu-
pancy, colleagues’ request, creating an atmosphere 
etc.) were measured on a Likert scale from 1(al-
ways) to 5(never). Each listed item in Figs. 1a–1d is 
subjected to Likert scale. Regression analysis were 
performed to test which reasons relate most strong-
ly to the frequency of changing the lighting con-
dition. Each group of listed item was significantly 
tested due frequency of participants’ lighting control 
at a level of 0.05 confidence. Each item also was 
included separately and some aggregate per group 
was implemented as well.

The fourth section is composed of questions 
about the employee’s subjective impression of how 
their current office layout and whether any archi-
tectural changes therein may affect their use of ma-
nual lighting control. Here, closed ended questions 
would be a useful and efficient way to get informa-

tion about what participants have in their mind. The 
first question, rated on a five point Likert scale is 
‘how would you rate the following interior archi-
tectural factors in terms of increasing your manu-
al lighting control?’: ‘position of your desk’, dis-
tance between your desk and window’, ‘window 
area’, ‘orientation of the window’, ‘surface/or ob-
jects colour in the room’, ‘distance between switch 
and your table’. The second question aimed to learn 
to what extent they agree with the following state-
ment which starts with ‘my manual lighting control 
increases with’ the subsequent factors: ‘a change 
in my desk’s position related to window’, shorten-
ing the area between my desk and window’, ‘en-
larging the window, ‘a change of the orientation of 
the window’, ‘colour of the objects area’/surfaces/
room’, ‘shortening the distance between the switch 
and my table’. Responses were obtained on a scale 
ranging from ‘1’ = agree to ‘5’ = disagree.

To find out participants’ response to modifica-
tions in surface colour and time of the day, photo-
graphresponse yesno questions were used in the 
fifth section. These questions are based on a 1/5 
scale model of a single occupied office (3.6 m × 
5.4 m × 2.7 m) [12]. The model (Fig.2) becomes 
the demonstration for each photograph case. Expo-
sure adjustments of photographs were implemen-
ted using Photoshop to avoid possible visual illu-
sions and provide balanced brightness contrasts. 
Participants used the same screen all through the 
questionnaire, which prevented the visual percep-
tion differences.

The interior surfaces were covered with 
darkcoloured (surface reflectance (ρ) of walls and 
floor are 0.50 and 0.20) paper firstly; then with light 
coloured (ρ: 0.85 and 0.50) paper secondly. The re-
flectance was calibrated with a calibrated reflec-
tion disc with a reflection coefficient of 95.2 %. The 
scale model was placed in front of a North-facing 
window at the TU Delft Architecture and Built En-
vironment Faculty (520.00’ N, 40.37’ E). The pho-
tographs were taken with a digital camera with fish 
eye lenses, on Dec. 21, 2014. The model faces north 
to reduce high contrast differences and to avoid 
visual discomfort caused by direct sunlight. Diffuse 
daylight penetration provides relatively balanced 
daylight distribution during the day.

The scale model was photographed three 
times at the same day: respectively, at entrance 
in the morning (09:00–09:30), at midday after lunch 
(13:00–13:30) and in the afternoon after a short 
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Fig.1. Listed factors effect on manual lighting control
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break (15:00–15:30). Participants were asked to in-
dicate their manual lighting control action while 
looking at the photographs for these three diffe-
rent time intervals. Based on the aspects of visual 
environment of the photographs, they stated their 
decisions as either “I would turn on the lights” or 
“I would not turn on the lights” upon entrance. 
The dependency of their decisions to control lights, 
on distance to window, desk position and time of 
the day, were analyzed through cross tabulations 
and chisquare tests.

3. SURVEY FINDINGS

Regarding the questions about the existing en-
vironment, 26 % of participants work single, while 
17 % share the office with 1–2 people, 24 % share 
with 3–4 people and 32 % share the office with 5 
or more people. The rates of the offices with 15m2–
30m2 window area is 51.2 %, while 16 % of offic-
es have smaller than 15m2 window area and 32,8 % 
of offices have more than 30m2 window area. The 
major room orientation is North with a 20.8 % rate, 
while the percentage of other orientations ranged 
from 1.6 % to 16.8 %. The distance to window var-
ied from 1m to 2m for 40.8 % of respondents while 
31.2 % of them declared that the distance is less 
than 1m. The majority participants do not suffer 
from glare in their offices (92 %).

When the respondents were asked to rate their sa-
tisfaction of the artificial lighting condition in their 
office, the highest “satisfactory” responses were ob-
tained from participants who work in single and 3–4 
peopleoccupied offices, both with a similar rate of 
80 %. The participants who work in the 5–6 peo-
ple sharing offices gave the highest “unsatisfied” re-
sponses. Type of artificial lighting system was not 
questioned considering the wide variety of lamp and 
luminaire types, and respondents may not be capa-
ble of describing the existing system. In the latter, 

users are more likely to find the illuminance hig-
her than what they would wish (80 %). This output 
can be interpreted as, if they would have the chance 
to control the lights individually, they would pre-
fer lower illuminance, which leads to less energy 
consumption. This outcome corresponds with Gu’s 
study (2011) [13] that there will be energy savings 
with individual lighting control, since there are al-
ways some occupants who prefer illuminance low-
er than the fixed lighting levels. Such a finding can 
provide feedback to architects, in terms of promot-
ing them to design single occupied or up to 3–4 peo-
ple occupied working spaces, to contribute in elec-
tricity savings. Another possibility, for crowded 
offices, can be the design of desks with personal 
visual comfort, with personal lighting.

Almost 50 % of respondents whose offices face 
North were satisfied with the daylighting condi-
tion in their working environment, due to their 
choice of indicating “4-very satisfied” in the ques-
tionnaire form. A similar rate of satisfaction was 
observed among respondents in North-East facing 
offices. Among the responses about various desk po-
sitions, left positioned desks have the highest value 
of satisfaction (with almost 50 %), while the back 
position has gathered the lowest (approx.30 %). As 
the window area was the matter to find out its rela-
tion to daylight fulfillment, highest satisfaction re-
sponses (approx. 42 %) were given by the respon
dents with window areas of 2m2–5m2. Participants’ 
responses verified that the ones, who have a dis-
tance of more than 5m between their desks and win-
dow, consider the daylight penetration as too dim. 
Participants, whose desks are (1–2) m away from 
the window, were in majority in declaring the day-
light penetration “sufficient”.

To figure out whether daylight satisfaction was 
independent of orientation, desk position, win-
dow area, distance to window or not, chisquare 
test of independence tests and cross-tabulations 

Fig. 2. Scale model 
and photographs for 
Back and Front layout 
(upper), Left and Right 
layout (lower), with 
light surfaces
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were applied at a 5 % level of confidence (α=0.05). 
Daylight satisfaction was dependent of only two 
aspects: window area and distance to window. Re-
sults, indicated independency of orientation and 
desk position on participants’ daylight satisfaction, 
are in Table 1.

Respondents were asked to indicate their ideas 
to the each given statements which proposes a mo-
dification increase their manual lighting control. 
Orientation of the window (81 %) and enlarging the 
window area (79 %) are the most commonly chosen 
factors to increase manual lighting control. Shorten-
ing the distance between the desk and the window 
(Always 31 %, Generally 43 %), changing colours 
of the surfaces (Always 22 %, Generally 29 %), and 
changing the desk’s position (Always 37 %, Gen-
erally 32 %) are the other significant modifications 
on lighting control behaviour; while the distance 
between the switch and table (Always 11 %, Gen-
erally 14 %) has the least effect. However, users’ 
opinions on how the above listed modifications can 
influence their control behaviour were conflicting 
with their responses on daylight satisfaction in their 
actual work environment.

Almost 57 % of the participants control the light-
ing system manually several times a day depending 
on either their absences or daylight penetration. 
They do not operate the lighting system only dur-
ing entrance and departure; so they can be catego-
rized as active users. 21 % of the participants claim 
that they control it twice a day (only when they en-
ter in the beginning of the day and when they leave 
at the end of the day); while 9 % of them state that, 
they control it before/after lunch and breaks, ad-
ditional to their control in their morning entrance 
and evening departure. Yet, 13 % of them indicat-
ed that generally they do not control lighting sys-
tems manually. So, 34 % of the participants can be 
grouped as passive users. The above data show that 
the assumption in studies and models, which iden-
tifies all users as passive, is not realistic. This study 

shows the importance of taking the user behaviour 
realistically.

The majority of the participants (39 % and 40 % 
respectively) declare that the main reason for ma-
nual lighting control is to provide visual comfort 
and to create atmosphere for work; in other words, 
to fulfil their tasks. To save energy (by 21 %) has 
become the second meaningful personal motiva-
tion to control the lighting system. Indicating their 
occupancy/or absence has no or a very slight impact 
on control decisions of 52 % and 20 % of partici-
pants. Response rates for the two factors; ‘compu-
ter work’ and ‘reading printed text’ are quite simi-
lar, meaning that, one type of task does not have 
a stronger effect on users’ control behaviour than the 
other one has. Almost 27 % of the participants ne
ver take into consideration their colleagues’ demand 
of lighting control; 32 % of participants turn on/or 
off the lights because of colleagues’ demands, even 
they do not prefer it themselves. Thus, individual 
lighting control for each workstation can be a good 
solution for obtaining visual comfort.

Regarding associations of each listed reasons 
to affect manual lighting control (as explained 
in Section 2.2.3, when aggregate per group was 
tested, a low value of R2 is calculated as 0.12 (group 
in Fig. 1a), 0.04 (group in Fig.1b), 0.04 (group 
in Fig. 1c) and Significance F and p values are 
greater than 0.05. Results are not reliable so, lis-
ted items are decreased, only two individual items, 
obtaining visual comfort (Significance F=0.002, 
p=0.002) and creating atmosphere for work (Signif-
icance=0.002, p=0.001), are found to be significant-
ly related to manual control with almost 0.10 R2. 
That means, we can explain/predict the 10 % of the 
variation among data. For example, visual comfort, 
alone, might affect manual lighting control without 
a major contribution. This makes sense and is rea-
sonable; since, manual control decision is a human 
action and many other factors might be influential 
and some cannot be predictable. Not noticing the 

Table 1. Chi-Square Results

Pearson chi-square (χ2-crit) p-value

Orientation 33.267 0.405 independence

Desk position 10.588 0.834 independence

Window area 18.407 0.018 dependence

Distance to window 24.024 0.020 dependence
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changes in illuminance is the only significant factor 
(Significance F=0.042, p=0.04), which inhibits the 
users to control light.

Almost 72 % of respondents consider that 
modifications on interior layout can be effective 
on their control behaviour. Accordingly, the window 
area (39 %Always, 40 % Generally), its orienta-
tion (37 %Always, 44 %Generally), position of 
the desk (37 %Always, 32 %Generally) and dis-
tance to window (31 %Always, 43 %Generally) 
were defined to have a strong effect while distance 
between switch and table (18 %Rarely, 40 %Nev-
er) was found to be the least effective factor. Colour 
of the surfaces has shown no strong effect among 
the response rates.

To understand participants’ reactions accor-
ding to the desk layout, distance to window, sur-
face colours of the walls, and time of the day, they 
were asked to give feedback by looking to photo-
graphs of given indoor scenes of the scale model. 
Those feedbacks could be derived from two choic-
es; “I would turn on the lights” or “I would not turn 
on the lights”. Chisquare test of independence was 
applied to reach a deep and notable understanding 
whether manual lighting control was independent of 
the above mentioned interior factors or not.

First, participants’ manual lighting responses 
to two different distances to window (A and B) 
were compared significantly. When the desk was 
in Back position and the surfaces were light, con-
trol responses showed very slight or no variation if 
the desk was moved away from the window. After 
the ‘afternoon break’, the control action displayed 
variation. The rate which corresponds to 32,8 % 
of respondents turning on the lights was raised up 
to 40.8 % when the desk moves to away from the 
window in B position. After lunch arrival, the re-
verse was happened. The responses of 36 % for 
turning the lights on decrease to 32,8 % when the 
desk was in B position. When the desk was in Front 
position, the approx. 88–96 % of respondents pre-
fers not to turn on the lights during the day. In the 
morning, a strong drop was observed in rates of 
responses “I would not turn on the lights” (11 % 
to 2.41 %) when the desk is moved near the back 
wall in B position.

Crosstabulations and chisquare tests are ap-
plied to figure out statistically whether there is any 
significant relation between distance and turn on/
off behaviour. The implication for each case of lay-
out and surface colour according to time (morning, 

lunch and afternoon) was iterated extensively. Re-
sults on a total of 24 cross tabulations for each time 
interval –  morning, lunch, afternoon break –  se-
parately indicate that the turning on/off behaviour 
is dependent to distance to window since p-val-
ues are below α=0.05 in all cases (p=0.000) except 
only Left A-B in the afternoon (χ2= 2.65, df=1, p= 
0.104).

When manual lighting control responses of Back 
are compared to Front, significant differences are 
achieved in all time intervals (morning, lunch and 
afternoon break). For example, during morning en-
trance “turn on the lights” response is 57,6 % for 
Back B Light, while it falls to 2,41 % in Front B 
Light under same conditions. Similar results are 
valid for Back A Dark and Front A Dark during 
morning entrance. For Back A position, the response 
of “not turn on the lights” is 8 %, while it increases 
to 84 % for Front A desk position. However, the re-
sponse percentages of Right and Left desk positions 
do not vary significantly with each other compared 
to Back-Front. For instance, “not turn on the lights” 
response Left A Dark (after lunch) is 87,2 %, while 
under same conditions Right A Dark positioned 
desk responses reduces to 45,6 %. Chisquare tests 
and cross-tabulations reveal the dependency of ma-
nual control behaviour on desk position according 
to very low p-values (p<0.001) except the positions 
of Front-Back B in the morning entrance and lunch 
(χ2= 2.30, df= 1, p=0.129 and χ2 = 3.34, df= 1, p= 
0.067), FrontBack A(dark) in the morning (χ2 = 
0.29, df= 1, p=0.589).

Such an outcome is noteworthy not only in de-
veloping architectural design merits but also in en-
hancing technical ways to evaluate daylight per-
formance and energy efficiency in working spaces. 
Users’ desk layout can be involved as a cer-
tain affecting variable/or constant in performance 
and energy calculating tools. Additionally, person-
al issues can be integrated to get a deep understand-
ing and insight. A further study can analyze in detail 
how a left-hand writer receiving daylight from the 
left side satisfies differently than a right-hand writer 
in the same layout; and how the lighting electricity 
is consumed or saved in both cases.

To understand whether the time of the day reflect 
to respondents’ manual lighting control or not, pho-
tographs were taken at three different time moments 
(morning entrance, lunch and afternoon break). Us-
ers most likely attempt to turn on the lights for all 
desk positions and surface colours during morn-
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ing entrance. For example, the percentage of “turn 
on the lights” response for Left A Light condition is 
65.85 % during morning entrance, while it reduces 
to 4,8 % and 4 % for after lunch and break entran-
ces respectively. After Lunch and after Break manu-
al lighting control responses are closer to each other 
when compared to after morning responses. Chi
square tests of independence applied to 48 cross 
tabulations supported the significant relation among 
manual lighting response to time of the day. Signi-
ficantly low pvalues ranged from 0.000 to 0.003. 
However, a few observations such as relations bet-
ween morning and lunch in Left A-Light posi-
tion (χ2 =3.27, df=1, p=0.070) and between morn-
ing and afternoon in Left A-Light position (χ2= 
0.46, df= 1, p=0.496) constitute the independency 
with higher p values.

4. DISCUSSIONS AND CONCLUSIONS

This research aimed to statistically determine the 
contribution of certain factors (such as architectur-
al and occupancy) to manual lighting control beha-
viour and user comfort within the university offices. 
Testing the relation between the physical environ-
ment and satisfaction of daylight conditions among 
the given parameters, window area and distance 
to window are found to be the two most significant 
and dependent aspects on users’ daylight satisfac-
tion. On the other hand, neither orientation nor po-
sition of the desk was found to have a statistically 
significant effect on daylight satisfaction.

Some factors are found to be remarkable on how 
they affect manual lighting control. In detail, North/
North East orientation, the window area of 2–5 m2 
and distance to window of 1–2 m are specifically 
identified as sufficient for successful daylight con-
ditions. Such conditions would increase the number 
of people not turning on the lighting when entering 
the office. Responses show that most of the partici-
pants can be classified as “active” users, since they 
don’t only turn on the lights during their entrance 
in the morning, and turn off them in their depar-
ture at the end of their working period, as defined 
by Love (1998) [10], but frequently do control dur-
ing the working period. These results are in con-
trast with the European Standards, where the value 
of manual control factor (occupancy dependency 
factor) is implemented as 1 (which means the lights 
are switched on during the working hours and us-
ers are passive) indicating that users do not control 

the lighting system during the day [14]. This active 
user behaviour can contribute to energy savings sig-
nificantly, yet it is impossible to determine the sav-
ing with the data obtained in this study. A further 
study that analyzes the energy savings according 
to different user profile can be suggested. Obtaining 
visual comfort and creating atmosphere have signi-
ficant impact on switching the lights, while energy 
saving has not such a strong impact when compa-
red to them. That is interesting to realize that ener-
gy consciousness is less of a motivation than the 
wish for comfort. The reason may be the unaware-
ness of users about the amount of energy they are 
consuming, so energy use takes place without any 
conscious considerations as mentioned in Toth et.al. 
2013 [15].

Interior layout modification (change of loca-
tion of desks) has been the strongest deriving force 
in the manual lighting control as supported sig-
nificantly through analyses. For instance, locating 
desk close to window (in A position) and/or posi-
tioning desk facing window result as lower rates 
of switch on behaviour. These two factors were 
significantly affecting for all time moments. Such 
findings are similar to Thorndike et al.’s outputs 
[16], where interior layout affects user behaviour. 
Lighting control behaviour differs due to changes 
in daylight penetration. When the daylight pene-
tration is not sufficient (especially in the morning), 
it triggers users to switch on the lights upon en-
trance. Thus, daylight illuminance should be taken 
into consideration when predicting lighting energy 
consumption.

Users’ contribution on improving energy sav-
ings should not be underestimated. This study in-
tends to enrich the knowledge on user behaviour 
in lighting energy consumption by analyzing pos-
sible effective factors and interpret how they influ-
ence the manual lighting control. The listed findings 
of manual lighting control frequency, with trigger-
ing and inhibiting factors, can be used as inputs dur-
ing ecofriendly office design without using any au-
tomatic lighting control systems, but only the users. 
Furthermore, this study revealed to give best in-
sight to user preferences, raise awareness on their 
manual lighting control actions, and point on how 
users should be realistically included in user be-
haviour models. To deliver energy efficient buil-
dings, a more sophisticated understanding of user 
behaviour is needed, and interior design parameters 
should be taken into consideration for that purpose.
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