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Fig. 1 FNN Sustainability Centre:  
a) entrance façade,  
b) garden at the facade-shell interface,  
c) green roof
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This study explores the relationship between users and the built envi-
ronment through a post-occupancy evaluation (POE) conducted at 
the FNN Sustainability Centre, a noteworthy sustainable building in 
the region. The study involved a comprehensive approach, encom-
passing site visits, managerial interviews, and staff surveys. To estab-
lish a robust evaluation framework, a scale was developed by 
analysing pertinent literature, and indicators were identified to gauge 
various aspects of the building’s performance. Throughout the scale 
development process, the SPSS data analysis program was used, and 
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expert opinions were solicited to ensure a rigorous and comprehen-
sive methodology. Evaluation categories included lighting, acoustics, 
climatic comfort and indoor air quality, use and comfort of systems, 
quality of space and perception, awareness of sustainability and pro-
ductivity. The building emerged as a physically and psychologically 
conducive workplace that heightened employee awareness of sus-
tainability. Specific concerns were identified, such as noise distur-
bance for open-office workers and glare-related issues, which serve 
as valuable feedback for potential adjustments.
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IntroDUctIon

 In the last two centuries especially, as hu-
mans are the only living species that is prone 
and capable of intervening in the environ-
ment and making it fit their needs instead of 
adapting to it, human activity has caused ir-
reversible damage to the environment and 
nature, and thus to human lives. The planet 
on which we live is in danger of becoming un-
sustainable. With the process of globalisa-
tion and changes in consumption habits, the 
physical and environmental comfort needs of 
human beings have been increasing day by 
day. As a result, the damage to the ecosys-
tem and natural resources has also been in-
creasing. As the world becomes more urban-
ised and its population grows, the efficient 
use of limited, rapidly depleting resources 
and the widespread use of renewable energy 
sources are becoming increasingly impor-
tant. It is essential that buildings, which 
 account for approximately 40% (United Na-
tions Environment Programme, 2017) of the 
world’s energy consumption and carbon 
emissions, are sustainable and use energy 
efficiently throughout their lifecycle, from de-
sign to demolition.

A sustainable building can be defined through 
a design and practice that is environmentally 
responsible and encompasses processes 
throughout its life cycle, such as the siting de-
cision, the design process, the construction 
site, the operation of the building, mainte-
nance, repair, renovation and demolition (Dar-

ko et al., 2019: 501-511). The environment, so-
ciety and economy as three components of 
sustainability, need to be considered in all 
buildings throughout a building’s full life cycle 
in order for it to be deemed sustainable. Be-
yond just meeting physical requirements, a 
sustainable building or structure must also 
meet economic, environmental, and social 
standards that benefit or at the very least do 
not harm current and future generations (Feige 
et al., 2013: 7-34).

Reducing a building’s energy consumption is 
the initial driver for green building develop-
ment, as energy consumption is one of the 
most important aspects of building perfor-
mance. Energy saving design is given the 
highest credit in almost all green building rat-
ing standards. Recent years have also seen 
an increase in research into whether green 
buildings, once occupied, achieve the de-
signed energy saving target, as a result of the 
recognition of the performance gap. There-
fore, studying the energy performance of 
buildings has become important (Geng et al., 
2019: 500-514). Green building or high-per-
formance building are other terms for sus-
tainable building design. Several certification 
programs rate the sustainability of buildings, 
including LEED, BREEAM, CASBEE, Greenstar, 
GeSBC, and HHEQ. LEED was created by or-
ganizations in different countries (Wang and 
Adeli, 2014: 1-2). LEED (Leadership in Energy 
and Environmental Design) certification, one 
of the most effective, is organised by the U.S. 
Green Building Council. LEED is the most 
widely used green building rating system in 
the world and categorises buildings as Plati-
num, Gold, Silver and Certified. LEED v4.1 cal-
culates this rating based on the following 
sustainable criteria: site and transportation, 
sustainable sites, water efficiency, energy 
and atmosphere, materials and resources, 
indoor environmental quality (USGBC LEED 
Rating System). Sustainable buildings are 
commonly known as building design strate-
gies that focus on minimising environmental 
impact by reducing energy and water con-
sumption and minimising environmental dis-
turbance from the construction site. Although 
less well known, sustainable buildings also 
aim to improve human health through the de-
sign of healthy indoor environments. Energy 
and water efficiency have been the subject of 
much research and documentation, but the 
human health benefits of sustainable build-
ings are less well understood. In terms of in-
door environmental quality, sustainable 
buildings had lower levels of volatile organic 
compounds (VOCs), formaldehyde, aller-
gens, environmental tobacco smoke (ETS), 
nitrogen dioxide (NO2) and particulate mat-
ter (PM). Therefore, the benefits of indoor 
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environmental quality in sustainable build-
ings are reflected in better self-reported 
health outcomes across a range of indicators. 
These include fewer Sick Building Syndrome 
symptoms, fewer reports of respiratory 
symptoms in children, and better physical 
and mental health. Occupants also report 
benefits that indicate that they are more pro-
ductive at work in sustainable buildings (Al-
len et al., 2015: 250-258).

Studies on the interaction between sustain-
able buildings and their occupants have 
shown mixed results. This study aims to ob-
serve the relationship between the users and 
the building through a post-occupancy evalu-
ation (POE) in sustainable buildings. In this 
context, FNN Sustainability Centre, one of the 
few sustainable buildings in the region, was 
selected for the POE, which involved visiting 
the office, interviewing the manager and sur-
veying the staff.

Post-occUPancy EvalUatIon (PoE)

In order to find reliable sources of informa-
tion on Post-Occupancy Evaluation, a search 
and analysis was carried out using the Web of 
Science. An analysis of the Web of Science 
search for “Post-Occupancy Evaluation” 
shows that 129 out of the 934 publications in 
the core collection are in the field of architec-
ture (Web of Science Core Collection). These 
934 sources related to Post-Occupancy Eval-
uation were exported as “Tab delimited file” 
for use in the VOSviewer database and a map 
based on bibliographic data was created. In 
the full counting method, “Co-occurance” 
analysis type and “Author keywords” analy-
sis unit were selected. This bibliographic 
data map is shown in Fig. 2. As can be seen in 
this map, although POE is focused on build-
ing performance and user satisfaction, it is 
close to many concepts, evaluations are 
made with different indicators.

Post-Occupancy Evaluation (POE) is defined 
by Zimring and Reizenstein as the assess-
ment of the effectiveness of an occupied, de-
signed environment for the human user. 
These specific evaluations, usually concen-
trated on a single type of designed environ-
ment, tend to give a description rather than 
manipulation, and are usually application-
oriented. Although they vary within this 
broad framework, it is useful to catalogue 
them in terms of generality, breadth of focus 
and applicability (Zimring and Reizenstein, 
1980: 429-450). Post-occupancy assessment 
is a diagnostic tool and system that helps fa-
cility managers to systematically detect and 
appraise important aspects of building per-
formance. In the 1960s, POE was introduced 
due to significant issues with building perfor-

mance, particularly focused on the viewpoint 
of the building occupants (Preiser, 1995: 19-
28). The information obtained from POE pro-
vides a better definition of what is valuable or 
useful, based on real knowledge, and thus 
defines what users want or need. The data 
obtained from the POE is also used to im-
prove the next design and production pro-
cesses, in addition to improving the function-
ing of the building (Zimmerman and Martin, 
2001: 168-174).

Depending on the purpose and target of use, 
different techniques can be used individually 
or in combination in POEs. Data collection and 
profiling, walkthroughs (walk around the 
study site and take a visual record for the pur-
pose of evaluation; Preiser and Vischer, 2005), 
on-site physical measurements, question-
naires, interviews, focus group meetings are 
some of them (Leitner, Sotsek and Santos, 
2020). The duration of the POEs also varies 
greatly. For some a single interview or visit 
may be sufficient, while for others it may take 
years of keeping or accessing data (Bae, Mar-
tin and Asojo, 2021: 445-459). Furthermore, 
some are limited to a single area or building, 
while others use the same indicators across 
many buildings (Park, Loftness and Aziz, 
2018). POE can also be carried out in adaptive 
re-use buildings. User satisfaction and the 
suitability of the new use may be in question 
(Hamida and Hassanain, 2020: 29-40). POE 
can be performed shortly after occupation to 
provide feedback to the design process in de-
signed buildings, and repeated at intervals for 
more accurate results, revised if necessary.

Even though POE has not yet become the 
norm in the construction industry, it has 
grown quickly over the past ten years and will 

Fig. 2 Bibliographic data map of keywords 
(Generated by VOSviewer)
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continue to do so as more people become 
aware of how critical it is to assess actual re-
al-time performance and the significance of 
occupant input. From a deeper look, it is en-
couraging that occupant input has become 
the primary focus of POE research outside of 
the area of social scientists. Even in studies 
within the building sciences, which have tra-
ditionally concentrated on the physical per-
formance of the structure, an occupant sur-
vey has become a fundamental component of 
most POE approaches. This reflects the fact 
that a broader spectrum of researchers now 
recognize that the people who occupy the 
spaces have the power to determine a build-
ing’s success or failure (Li, Froese and Brag-
er, 2018: 187-202).

mEthoDoloGy

The indicators of the scale used in the study 
were determined by analysing relevant stud-
ies in the literature. The studies analysed are 
given below. In the research, FNN Sustain-
ability Centre building located in Adana, Tur-
key is considered. In order to conduct a post-
occupancy evaluation of the building and to 
obtain the opinions of its users, a question-
naire survey was conducted.

Post-Occupancy Evaluations are divided into 
several categories, depending on the focus 
they seek to achieve. POE uses different indi-
cators, subdividing them into sub-indicators 
to understand different relationships. One of 
the most widely used types of POE is those 
that focus on thermal comfort and energy ef-
ficiency, evaluating the thermal performance 
predicted at design and measured by deter-
mining the energy performance (Geng et al., 
2019: 500-514; Juan, Gao and Wang, 2010: 
290-297; Park, Loftness and Aziz, 2018: 1-24). 
Several POE papers focus on Indoor Environ-
met Quality and examine it in different situa-
tions and indicators (Bortolini and Forcada, 
2021; Frontczak et al., 2012: 119-131; Ildiri et 
al., 2022; Bae, Martin and Asojo, 2021: 445-

Table I Indicators and sub-indicators of the scale and sources/authors

Indicators (dimensions) Sub-indicators Sources/authors

Lighting Natural lighting Asojo, Bae and Martin, 2020
Bakker et al., 2017
Kong et al., 2018
Freihoefer et al., 2015
Hamida and Hassanain, 2020
Hassanain and Mahroos, 2023
Bortolini and Forcada, 2021

Sunshade shell

Artificial lighting

Reflection-glare

Acoustic HVAC-induced sounds Park, Loftness and Wang, 2022
Park, Loftness and Aziz, 2018
Mahbub, Kua and Lee, 2010
Thatcher and Milner, 2012
Hamida and Hassanain, 2020
Hassanain and Mahroos, 2023

Indoor sounds

Outdoor sounds

Climatic comfort  
and indoor air quality

Heating Darko et al., 2019
Geng et al., 2019
Allan et al., 2015
Leitner, Sotsek and Santos, 2020
Juan, Gao and Wang, 2010
Park et al., 2018
Bortolini and Forcada, 2021
Frontczak et al., 2012
Ildiri et al., 2022
Bae, Martin and Asojo, 2021
Geng et al., 2019
Thatcher and Milner, 2012
Hamida and Hassanain, 2020
Hassanain and Mahroos, 2023

Mechanical ventilation

Cooling 

Natural ventilation

Use and comfort  
of the systems

Automation system Hassanain and Mahroos, 2023
Bortolini and Forcada, 2021
Messinger et al., 2011
Baudach et al., 2013

Building maintenance

Waste management

Space quality  
and perception

Building design Feige et al., 2013
Hamida and Hassanain, 2020
Li, Froese and Brager, 2018
Allen et al., 2015
Ildiri et al., 2022
Hassanain and Mahroos, 2023

Interior design and material choices

Location-transportation

Space size-number of users relation

Awareness of sustainability 
and productivity

Green roof Feige et al., 2013
Thatcher and Milner, 2014
Bryd and Rasheed, 2016
Leder et al., 2016
Kellert, 2005
Thatcher and Milner, 2012
Bortolini and Forcada, 2021
Hassanain and Mahroos, 2023

Sustainable material

Efficient use of water

Climate change and renewable energy sources

Dissemination of sustainable buildings 

Productivity

Table II Total variance explained of the scale (factor analysis)

Co
m

po
ne

nt Initial eigenvalues Extraction sums of squared loadings Rotation sums of squared loadings

Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative %

1 11,548 32,993 32,993 11,548 32,993 32,993 9,161 26,175 26,175

2 6,439 18,398 51,392 6,439 18,398 51,392 5,655 16,156 42,331

3 4,883 13,952 65,343 4,883 13,952 65,343 5,654 16,154 58,485

4 3,858 11,024 76,368 3,858 11,024 76,368 3,909 11,167 69,652

5 2,737 7,821 84,188 2,737 7,821 84,188 3,897 11,133 80,786

6 2,018 5,766 89,954 2,018 5,766 89,954 3,209 9,169 89,954

Extraction method: Principal component analysis
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structure. Principal components and varimax 
orthogonal rotation methods were used for 
this purpose. As a result of EFA, it was found 
that the scale consisting of 38 items was 
formed in a structure with six sub-dimensions 
(factors) and these six factors explained 
89.954% of the total variance. When the lit-
erature was analysed, this rate was consid-
ered sufficient to explain the phenomenon. 
According to the researchers, a rate between 
40% and 60% is considered sufficient 
(Büyüköztürk, 2020; Tavşancıl, 2019). There-
fore, it was concluded that the scale is valid. 
Furthermore, the first subdimension ex-
plained 32.993% of the variance, the second 
18.398%, the third 13.952%, the fourth 
11.024%, the fifth 7.821%, and the sixth 
5.766% (Table II).

After the validity analysis, Cronbach Alpha 
reliability analysis was carried out to deter-
mine the reliability of the scale and it was 
found to be a=0.906 (Table III). In addition, 
the reliability of the lighting sub-dimension 
was a=0.791, the reliability of the acoustic 
sub-dimension was a=0.707, the reliability of 
the climatic comfort and indoor air quality 
sub-dimension was 0.719, the reliability of 
the use and comfort of systems sub-dimen-
sion was 0.854, the reliability of the space 
quality and perception sub-dimension was 
0.739 and the reliability of the sustainability 
and productivity awareness sub-dimension 
was 0.895 (Table IV). Therefore, it is accepted 
that the scale, including the sub-dimensions, 
is a reliable measurement tool. This is be-
cause a Cronbach alpha value of 0.70 or more 
is considered sufficient for the reliability of a 
measurement tool (Büyüköztürk, 2011: 171). 
The radar chart tool was used to visualize the 
data. The user opinions obtained for each in-
dicator were presented on the radar chart to-
gether with the sub-indicators.

After revisions, the finalized questionnaire 
was distributed to all employees in the office 
building. Twelve out of 14 employees of FNN 
Sustainability Centre completed the ques-
tionnaire, representing a response rate of ap-
proximately 86%. The findings related to the 
six indicators analysed with the evaluation 

459; Geng et al., 2019: 500-514). Under the 
headings of lighting conditions, natural and 
artificial lighting, automatic or manually con-
trolled lighting, daylight and glare, POE was 
used to assess visual comfort (Asojo, Bae 
and Martin, 2020: 239-250; Bakker et al., 
2017: 308-321; Kong et al., 2018: 135-148; 
Freihoefer et al., 2015: 457-472). Since in-
door air acoustic quality affects the health, 
comfort and productivity of users, both noise 
from the external environment and acoustic 
problems from internal sources have been an 
important part of POE studies (Park, Loftness 
and Wang, 2022; Mahbub, Kua and Lee, 
2010: 213-223; Thatcher and Milner, 2012: 
3816-3823, Hamida and Hassanain, 2020: 
29-40; Hassanain and Mahroos, 2023: 564-
581). Studies on the relationship of users to 
the built environment, the reflection of this 
relationship in business life, the level of sat-
isfaction and comfort of employees and their 
productivity are also common (Feige et al., 
2013: 7-34; Thatcher and Milner, 2014: 381-
393; Bryd and Rasheed, 2016; Leder et al., 
2016: 34-50). The studies focusing on physi-
cal and psychological health issues support 
the studies in this area by providing feedback 
(Allen et al., 2015: 250-258; Ildiri et al., 2022).

After analysing the existing studies, the indi-
cators to be included in the scale were deter-
mined. The indicators of the scale are light-
ing, acoustic, climatic comfort and indoor air 
quality, use and comfort of the systems, 
space quality and perception, and awareness 
of sustainability and productivity (Table I).

After the scale and indicators were deter-
mined, a questionnaire form with evaluation 
propositions was prepared to evaluate each 
of the indicators. The questionnaire consists 
of two parts. In the first part, demographic 
information of the users including gender, 
age, occupation and education level were re-
quested. In the second part; evaluation prop-
ositions were included under six headings: 
lighting, acoustic, climatic comfort and in-
door air quality, use and comfort of the sys-
tems, space quality and perception, and 
awareness of sustainability and productivity.

The first version of scale and questionnaire 
was reviewed by two green building experts, 
two architects, employees of a green building 
consulting firm, and two professors conduct-
ing green building research for both content 
validation and applicability in the office 
building. After the revisions made following 
the expert opinions, the questionnaire was 
updated. Various analyses were then carried 
out using SPSS data analysis software to 
measure the validity and reliability of the 
scale. First, exploratory factor analysis (EFA) 
was conducted to determine the construct 
validity of the scale and to reveal its factor 

Table III Total reliability statistics  
of the scale

Cronbach’s 
alpha

Cronbach’s alpha based 
on standardized items

N of items

,906 ,921 38

Table IV Reliability statistics of the dimensions

Dimension Cronbach’s alpha Cronbach’s alpha based  
on standardized items N of items

Lighting ,791 ,808 5

Acoustic ,707 ,682 3

Climatic comfort and indoor air quality ,719 ,696 4

Use and comfort of the systems ,854 ,852 5

Space quality and perception ,739 ,704 8

Awareness of sustainability and productivity ,895 ,897 13
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propositions in the questionnaire are pre-
sented in graphs and comparisons are made. 
The manager of FNN was interviewed to ob-
tain information about the green building 
certification process of the building. Under 
the guidance of the manager, the active sys-
tems used in the building and the passive 
methods preferred in the design process 
were examined and photographed.

stUDy casE ProjEct:  
Fnn sUstaInabIlIty cEntrE

FNN Sustainability Centre selected for the 
study is located in the city of Adana in the 
Mediterranean region of Turkey. The building 
was selected because it is one of the most im-
portant examples in the region in terms of hav-
ing sustainable, green building qualities and 
incorporating sustainable design strategies in 
its construction, design and use processes.

In 2017, a competition was organized for a 
building to contain an archive, museum (ex-
hibition) and administrative offices. Within 
the scope of the program; the archive section 
that will include all the projects of the con-
struction company to which the building will 
belong, the museum where old equipment 
and visual materials with memorabilia value 

will be exhibited, and the offices of the rele-
vant maintenance units were requested to be 
located together. The project, which was se-
lected and deemed worthy of implementa-
tion as a result of the competition, was re-
quested to be built in accordance with sus-
tainable design strategies and green building 
standards. The building, which has 2775 m2 
of closed area, is structurally constructed of 
steel and reinforced concrete. The construc-
tion process was completed in 2020. While 
the archive section is designed as a closed 
area as a program, it is structurally construct-
ed as a reinforced concrete structure. The of-
fice areas are designed to show the steel 
structure completely within the building, 
supported by transparent glass facades. The 
museum is considered as the foyer and meet-
ing point of two different programs at the in-
tersection of this fully closed and fully open 
program. A steel shell wraps these programs, 
which are separated from each other by their 
different characters from the outside and 
brings them together. The semi-permeable 
and dynamic steel shell creates gardens, pri-
vate and social spaces at the façade-shell in-
tersection by moving away from and ap-
proaching the building, and by descending 
and ascending from time to time. This shell 
also helps to provide climate control by pre-
venting the building from direct sunlight 
(Figs. 1, 3; Arkiv, n.d.).
The FNN Sustainability Centre was awarded 
“Platinum” certification in the “LEED v4 
Building Design and Construction: New Con-
struction & Major Renovation” category by 
the LEED (Leadership in Energy and Environ-
mental Design) green building rating system, 
which aims to develop and disseminate stan-
dards for environmentally responsible de-
sign, implementation and operation at the 
building and city scale. The building received 
84 out of 110 points (USGBC, n.d.).
Preliminary efficiency analyses on the use of 
water and energy resources were carried out 
in the early stages of the project and the proj-
ect design was guided by this data (Altensis, 
n.d.). There are solar panels on the roof to 
meet some of the energy needs of the building 
from renewable energy sources. Energy effi-
cient armatures and systems are preferred in 
the building. To save water, rainwater is stored 
and the stored water is used for green roof and 
green area irrigation and toilet reservoir water 
needs. Electric vehicle charging stations are 
located in the parking areas and priority park-
ing spaces are reserved for low emission ve-
hicles. Emissions from vehicle use have been 
reduced with bicycle parks. To reduce the heat 
island effect, it is seen that the use of light co-
lours is dominant in the selection of roof and 
floor materials. This is also supported by the 
green roof application.

Fig. 3 FNN Sustainability Centre: a) museum 
section, b) archive section, c) office section

Table V Demographic information  
of participants

n %

Gender Female 3 25

Male 9 75

Age 18-29 2 16.7

30-39 7 58.3

40-49 2 16.7

50-59 1 8.3

Education 
Status

Primary and secondary 
school 0 0

High school 1 8.3

Undergraduate 7 58.3

Graduate 4 33.3

Doctorate 0 0

Occupation Executive 3 25

Office staff 6 50

Other 3 25

a

c c

a b
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According to the information received from 
the team conducting the certification process 
of the building, the VOC (volatile organic 
compounds) content of the construction 
chemicals used in the interior spaces during 
construction was checked for compliance 
with international limits. The necessary de-
sign criteria for the ventilation of interior 
spaces were integrated into the project by 
ASHRAE 62.1-2010 standard (Altensis, n.d.).

FInDInGs anD analysEs

A survey was conducted with 12 of the 14 em-
ployees of the building examined within the 
scope of the study. The findings regarding 
the demographic information of the partici-
pants are presented in Table V.

In the study, various indicators were exam-
ined to evaluate the post-occupancy perfor-
mance of the building. These are lighting, 
acoustic, climatic comfort and indoor air 
quality, use of systems and maintenance, 
space of quality and perception and aware-
ness of sustainability. Indicators were divid-
ed into sub-indicators and comparison analy-
ses were carried out with the sub-indicators. 
Finally, the main indicators of the study were 
analysed comparatively.

The lighting indicator was assessed using 
four sub-indicators as natural lighting, sun-
shade shell, artificial lighting and reflection-
glare (Fig. 4). According to the survey study; 
the satisfaction level of natural lighting has 
been reached as 4.66 out of 5. Sunshade 
shell’s satisfaction level is 3.7; the satisfac-
tion level of artificial lighting is 4.58 and the 
satisfaction level of reflection-glare is 3.31. 
According to the findings, natural lighting 
and artificial lighting are found sufficient by 
users. On the other hand, compared to the 
natural lighting and artificial lighting sub-in-
dicators, the satisfaction levels of the reflec-
tion-glare and sunshade shell sub-indicators 
were lower and their values remained below 
4. It is understood that the users have prob-
lems on reflection and glare situation due to 
the excess of glass surfaces on the facade. It 
can be interpreted that the sunshade shell, 
which surrounds the structure and has semi-
permeable properties, is insufficient to elimi-
nate these problems.

The acoustic indicator has been examined 
over three sub-indicators as HVAC-induced 
sounds, indoor sounds and outdoor sounds 
(Fig. 5). The satisfaction level of HVAC-in-
duced sounds has been reached as 3.41 out of 
5. Outdoor sounds’ satisfaction level is 4.16 
and the satisfaction level of indoor sounds is 
4.25. The level of satisfaction with the HVAC-
induced sounds sub-indicator was lower than 
the other sub-indicators. While the satisfac-

tion levels of the indoor sounds and outdoor 
sounds indicators were above 4, the satisfac-
tion level with the HVAC-induced sounds sub-
indicator remained below 3.5. According to 
the findings, it is understood that the noise 
caused by the HVAC (heating, ventilating and 
air conditioning) systems used in the building 
reduces the satisfaction level of the users in 
the working environment.

The climatic comfort and indoor air quality 
indicator have been examined over four sub-
indicators as heating, mechanical ventilation, 
cooling and natural ventilation (Fig. 6). The 
satisfaction level of heating has been reached 
as 4.5 out of 5. Mechanical ventilation’s sat-
isfaction level is 4.08, cooling’s satisfaction 
level is 4.41 and the satisfaction level of natu-
ral ventilation is 3.58. When the values are 
examined; it is seen that the satisfaction lev-
el of natural and mechanical ventilation is 
lower than that of heating and cooling. In par-
ticular, the satisfaction level in the natural 
ventilation sub-indicator was measured as 
around 3.5 and remained below the satisfac-
tion levels of other sub-indicators. It can be 
said that the insufficient natural ventilation 
facilities of the building and the insufficient 
number of openable windows in the offices 
are effective in the lower satisfaction level of 
the natural ventilation sub-indicator com-
pared to other sub-indicators.

The use and comfort of the systems indicator 
has been examined over three sub-indicators 
as automation system, building maintenance 
and waste management and recycling (Fig. 
7). The satisfaction level of the automation 
system has been reached at 4.67 out of 5. 
Building maintenance’s satisfaction level is 
4.67 and the satisfaction level of waste man-
agement and recycling sub-indicator is 4.25. 
According to the data obtained; it is under-
stood that thanks to the automation system 
used in the building, users can easily control 
the systems and the sensitivity levels of the 
systems are satisfactory. In addition, waste 
management, waste segregation and recy-
cling activities in the building are also wel-
comed by the users. It is seen that the level of 
satisfaction regarding the periodical mainte-
nance processes of the building is also high.

The space quality and perception indicator 
has been examined over four sub-indicators 
as building design, interior design and mate-
rial choices, location-transportation and 
space size-number of users’ relation (Fig. 8). 
The satisfaction level of building design has 
been reached as 4.75 out of 5. Interior design 
and material choices’ satisfaction level is 
4.24, location-transportation sub-indicator’s 
satisfaction level is 3.9 and the satisfaction 
level of space size-number of users relation is 
4.33. According to the results; users are very 

Fig. 4 Satisfaction with sub-indicators  
of lighting

Fig. 5 Satisfaction with sub-indicators  
of acoustic

Fig. 6 Satisfaction with sub-indicators  
of climatic comfort and indoor air quality

Fig. 7 Satisfaction with sub-indicators  
of the use of systems and maintenance
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satisfied with the design of the building. It is 
seen that the satisfaction level in subjects 
such as interior design, material selections 
and the size of the spaces are positively re-
ceived by the users, with values above 4. 
Compared to other situations, users’ satisfac-
tion level is lower in location and transporta-
tion. It can be interpreted that the fact that the 
building is located far from the city center, 
that public transportation is limited and that it 
is not sufficiently convenient for transporta-
tion by alternative transportation methods 
such as bicycles are factors in these results.

The awareness of sustainability and produc-
tivity indicator has been examined over six 
sub-indicators as green roof, sustainable ma-
terial, efficient use of water, climate change 
and renewable energy sources, dissemina-
tion of sustainable buildings and productivity 
(Fig. 9). The level of green roof has been 
reached as 4.5 out of 5. Sustainable materi-
al’s level is 4.33, efficient use of water sub-
indicator’s level is 4.62, climate change and 
renewable energy sources’ level is 4.6, the 
level of dissemination of sustainable build-
ings is 4.77 and the level of productivity is 
4,5. According to the findings, it can be said 
that the users’ awareness about sustainabil-
ity has increased thanks to the systems used 
in the building they work in and the sustain-
able qualities of the building. On the other 
hand, it is seen that users think that their pro-
ductivity has increased after switching to a 
sustainable office.

Finally, a comparative analysis of lighting, 
acoustic, climatic comfort and indoor air 
quality, use of systems and maintenance, 
space quality and perception and awareness 
of sustainability, which are the main indica-
tors used in the study, was made (Fig. 10). 
Lighting’s satisfaction level has been reached 
as 4.06 out of 5. Acoustic’s satisfaction level 
is 3.94, climatic comfort and indoor air quali-
ty’s satisfaction level is 4.14, use of systems 
and maintenance’s satisfaction level is 4.6, 
space quality and perception’s satisfaction 
level is 4.3 and the level of awareness of sus-
tainability and productivity is 4.56. In general 
terms, it can be said that satisfaction levels 
are high in the climatic comfort and indoor air 
quality, use of systems and maintenance, 
and space quality and perception indicators 
in the building. Users’ awareness of sustain-
ability has also been high. It is observed that 
user satisfaction is relatively lower in lighting 
and acoustic indicators compared to other 
indicators. As explained in detail above, the 
main reasons for this can be listed as the 
problems experienced in the control of natu-
ral light due to the large glass surfaces on the 
facade of the building and the noise problem 
due to the HVAC systems.

DIscUssIon anD conclUsIon

According to Kellert, the green architectural 
design criteria included in green building cer-
tification systems can reduce the impact on 
the environment, but they are not sufficient 
to strengthen and enhance the bond between 
man and nature that supports human well-
being and productivity (Kellert, 2005). In ad-
dition, Thatcher and Milner conducted a 
study to measure the physical and psycho-
logical well-being of users of green buildings. 
The design of the study is longitudinal and 
consists of two different times. Time 1 refers 
to before any of the users moved, and Time 2 
refers to six months after the treatment group 
moved into the green building. There is a 
treatment group in which employees have 
moved from their existing buildings to the 
new green building and a control group in 
which employees have remained in their ex-
isting buildings. The authors compared the 
results of the well-being status according to 
an online survey of about 1200 people from 
each group. Contrary to the claims of some 
green building certifications, users in the 
treatment group reported no noticeable 
physical or psychological well-being or in-
crease in productivity during the six months 
between Time 1 and Time 2. However, physi-
cal conditions such as thermal comfort, 
noise, and ventilation were significantly bet-
ter in the Green Building at Time 2 (Thatcher 
and Milner, 2012: 3816-3823). On the con-
trary, in this study, it was observed that us-
ers’ satisfaction values were high in aware-
ness and productivity indicators. Users found 
their current working environment more pro-
ductive than the building they worked in be-
fore. In this respect, the study overlaps with 
the study conducted by Bortolini and Forcada 
in 2021. According to Bortolini and Forcada, 
building age is associated with overall end-
user satisfaction, as newer buildings are 
more satisfying to occupants, mainly be-
cause they meet higher standards of comfort 
(Bortolini and Forcada, 2021).

By analysing a case study from Saudi Arabia, 
Hamida and Hassanain conducted a post-oc-
cupancy evaluation of an adaptive reuse 
building in 2020. The original design of the 
case study building was meant for student 
accommodation at a university campus and 
was converted into an office building. This 
study has shown that an adaptively reused 
building can be aligned with the performance 
requirements of its new use. POE results 
showed that occupants are generally satis-
fied with identified performance categories 
including thermal, visual and acoustic com-
fort, indoor air quality, fire protection, fur-
nishings and parking (Hamida and Hassa-
nain, 2020: 29-40). In the building examined 

Fig. 10 Comparison of satisfaction values  
of indicators

Fig. 8 Satisfaction with sub-indicators  
of space quality and perception

Fig. 9 Values about awareness  
of sustainability and productivity
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in this study, thermal, indoor air quality and 
parking were considered adequate by the us-
ers (>4), while satisfaction with acoustic and 
visual parameters was lower.

Another POE study, by Hassanain and Mah-
roos, assessed the satisfaction of occupants 
working on one typical floor of a five-storey of-
fice building. This research involved three 
data collection methods, namely walk-through 
assessment, user interviews and satisfaction 
survey. Thermal comfort, visual comfort, 
acoustic comfort and user awareness of the 
fire safety system were included in the techni-
cal performance factors. Except for visual com-
fort, the case study office building users were 
generally satisfied with all the technical per-
formance elements. Functional performance 
factors included the layout, circulation and fa-
cilities. Two functional performance elements, 
office layout and building equipment, were 
also unsatisfactory (Hassanain and Mahroos, 
2023: 564-581). The results of this study and 
those of Hassanain and Mahroos’ study are 
similar in terms of visual comfort and thermal 
comfort. Although visual comfort was low in 
both studies, the importance of reflection and 
glare on user satisfaction was revealed. In 
terms of thermal comfort, both studies were 
positive. In terms of acoustic comfort, the level 
of satisfaction was found to be higher in Has-
sanain and Mahroos’ study.

The importance of designing adaptable spac-
es and providing user-centred control of 
HVAC and lighting systems is underlined by 
another study in this area. Allowing occu-
pants to control over the lighting and the in-
door environment is shown to improve satis-
faction. Facility managers, who should also 
provide occupants with control over their in-
door climate, operable windows and blinds, 
are responsible for implementing energy ef-
ficiency measures (Bortolini and Forcada, 
2021). In the current study, it is seen that the 
satisfaction level of the users is high in terms 
of the use and control of the systems. The 
systems can be controlled by users through 
automation and manually.

Although the actual energy use of green 
buildings varied widely, on average the ener-
gy performance of green buildings was better 
than that of conventional buildings in the 
same region. Once occupied, a building’s en-
ergy use can differ significantly from that as 
designed, and many green buildings saved 
less energy than expected (Geng et al., 2019: 
500-514). The use of sustainable design ap-
proaches such as solar panels and green 
roofs in the analysed building increases the 
energy performance of the building, and it 
has been determined that the awareness of 
the users has increased thanks to the direct 
relationship and use of these systems.

In 2011, Messinger et al. produced a compre-
hensive project funded by FOSTA (Forschun-
gsvereinigung Stahlanwendung e.v.) and 
supported by the German Federal Ministry of 
Economics and Technology through the Joint 
Industrial Research and Development Pro-
gramme. The P881 project, launched in Janu-
ary 2011, was supported by and involves ar-
chitecture and engineering firms, partners 
from the IT sector, steel producers and con-
struction companies. An interdisciplinary re-
search team worked on the development of 
tools that would support engineers and ar-
chitects in the decision-making process for 
sustainable building design. They considered 
environmental, economic, architectural, so-
cio-technical and socio-cultural aspects of 
sustainability. The team aimed to produce a 
handbook with recommendations for action, 
a catalogue of components and an IT tool 
that incorporates different aspects of sus-
tainability and their assessment (Messinger 
et al., 2011: 740-749). According to Baudach 
et al., who are the part of the P881 project, 
the life-cycle approach to building design is a 
prerequisite for sustainability. The socio-
technical systems approach, shows how 
buildings can have a direct impact on social 
quality through concepts of concentration, 
communication and regeneration opportuni-
ties for employees and organizations. The 
analysis of future changes in office work con-
cludes that flexibility in building design is 
crucial for long-term productivity and value. 
It is found that office buildings made of steel 
and steel composite construction have the 
necessary characteristics for the creation of 
such flexible conditions (Baudach et al., 
2013: 18-25). In the building, the company’s 
own production steel is used as the structural 
system, and the steel material is also used as 
a sunshade shell on the facade. This struc-
tural element, which forms a second enve-
lope, has enabled the creation of interior gar-
dens with flexible use in the design. While the 
users found these inner gardens positive, 
they did not find the semi-permeable sun-
shade shell sufficient for reflection and glare.

The FNN Sustainability Center is a pioneer in 
the use, diversity and awareness of regional-
ly sustainable systems. This study aims to 
evaluate the sustainable office building of 
the centre after use and specifically aims to 
measure the satisfaction levels of office us-
ers through surveys. Within the scope of this 
study at the FNN Sustainability Center, a spe-
cial scale was developed to use the survey. 
The development process of the scale includ-
ed a detailed examination of relevant studies 
in the literature and was also enriched by 
obtaining expert opinions. Following this pro-
cess, the validity and reliability analyses of 

the scale were carried out meticulously using 
the IBM SPSS data analysis program. Validity 
and reliability analyses of the developed 
scale were carried out using the SPSS data 
analysis program. These analyses included a 
comprehensive evaluation to show that the 
questions of the scale accurately measured 
the targeted topics and that the results were 
reliable. In this way, the scientific validity and 
reliability of the study was increased by es-
tablishing a solid basis for the strengths and 
usage areas of the scale. This scale develop-
ment process provides a solid basis for the 
methodological framework of the study and 
contributes to making the data obtained 
more reliable and meaningful.

The effective use of sustainable systems of 
the FNN Sustainability Center, its diversity in 
structure and the general awareness of these 
systems assume an important role on a re-
gional scale. The Post-Occupancy Evaluation 
(POE) study shows that the office building 
provides a positive experience for employ-
ees, both physically and psychologically, and 
raises awareness about sustainability. Based 
on the survey results, it has been determined 
that some individuals working in open-plan 
office areas are generally disturbed by noise, 
while another group of employees are dis-
turbed by sun reflection and glare. This feed-
back means that office design and layouts 
can be revised to provide a better user expe-
rience. Simple layouts and optimized office 
layout can increase employee satisfaction. 
Additionally, employees making compari-
sons with old office buildings stated that 
working in a sustainable office is more pro-
ductive and enjoyable. These findings sug-
gest that sustainable office buildings can 
have a positive impact on employees’ work 
performance and overall satisfaction. In this 
context, disseminating sustainable office 
practices and increasing awareness in this 
field can be important steps towards making 
working environments more sustainable and 
user-friendly.

[Proofread by Nuri Özçetin]
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