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Abstract: Improving occupant's satisfaction represents
an important target oriented both towards the increment
of productivity and towards the reduction of operational
costs related to health and safety of employees. These
considerations are the bases of an interdisciplinary
cross-country survey on the human-building interaction
in office buildings. The proposed study presents findings
from the survey conducted at the University of Calabria
(Italy). In particular, both demographic characteristics
of the sample and data regarding comfort, satisfaction,
and productivity are processed and investigated.
Descriptive statistical analysis is developed with the
aim of highlighting the influence of indoor comfort
conditions on the perceived productivity of employees.
Particular attention is dedicated to the study of gender-
related differences in internal environment perception.
Indoor temperature, quality of indoor air, and acoustics
are the most selected causes of dissatisfaction and
low perceived productivity both for women and
men. The responses regarding satisfaction level and
perceived productivity are also combined by defining
a quantitative indicator named Office Productivity and
Satisfaction index (OPSi) that is the ratio between the
perceived productivity and the satisfaction level of the
considered comfort condition. Causes of discomfort
are also analyzed and demonstrated gender-related
differences in workplaces quality evaluation.
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1 Introduction

Energy consumption in office buildings is the result of
a twofold contribution: consumption caused by work
equipment and that one that assures a healthy and
comfortable internal environment for the occupants. It
is known that occupants play a key role in the energy
use of office buildings and they are often perceived as
one of the main causes of underperforming buildings.
It is consequently necessary to understand the factors
influencing energy intensive occupant behaviors and to
incorporate them in building design. In fact, occupants
are not irrational but they try to restore their comfort
conditions in the easiest way possible'". Even less it is
available in the literature about the effect of negotiated
behaviors on the occupants’ satisfaction in terms of
preferred indoor thermal conditions and the level of
perceived control”,

During the last decade, great effort has been dedicated
to studying comfort in office buildings by considering
the occupants’ perspective. In fact, people spend about
90% of their time in indoor environment™*, and it
is recognized that diverse symptoms of discomfort
from the indoor environment produce a significant
reduction in work performance™. For instance, studies
conducted in the UK showed that a comfortable office
environment could help to increase productivity up to
20%".

1.1 The multi-factor aspect of indoor comfort

Comfort-related problems can be investigated from
diverse perspectives. The most popular methodological
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approach includes the collection of both qualitative
and quantitative findings and the individuation of both
personal and environmental variables. Furthermore,
given the multi-parametric nature of comfort, it is
necessary to examine the acceptable levels of all the
conditions: thermal, visual, and acoustic comfort, along
with indoor air quality, as stated by the International
Standards'”. Regarding thermal comfort, the recent
establishment of adaptation models constituted an
important innovation in thermal comfort issues, as
it introduced a new methodological approach. Thus,
thermal comfort is no longer defined through the PMV
index, but includes the adaptation ability of occupants
and their interactions with the indoor environment.
The adaptive responses of occupants to their thermal
environment, such as windows opening, heating/cooling
switching, and personal clothing insulation adjusting,
play a key role in regulating the human thermal
environment. Furthermore, in addition to physical
factors, the adaptive responses are determined by
non-physical factors, such as thermal history, thermal
expectations, and habits'™.

Visual comfort is another important component of
comfort and its characterization can be achieved
through the determination of many related parameters
such as luminance distribution, illuminance, glare, color
aspects, flicker, and stroboscopic effects, lighting of
work stations with display screen equipment"”.
Acoustics condition has also to be optimized. In
fact, the reduction of any possible sound that can
be considered as noise by the occupants is essential
because it can have a negative impact on their
concentration and productivity level. Based on the study
presented by Pellerin et al."”, the discomfort caused by
a 1°C temperature change is similar to the one caused
by a 2.6 dB change. Generally, indoor air quality is
correlated with indoor environmental conditions and
not directly with the occupants’ comfort. The main
reason for this mislead is the link of air quality with
the occupants’ discomfort due to smell in the area'".
In that sense, the personal perception of the indoor air
freshness can be expressed by the acceptable levels of
CO, concentration as this is an index for classifying the
sufficiency and quality of ventilation.

Furthermore, Bluyssen et al.'*showed that perceived
comfort is strongly influenced by several personal,
social, and building factors and that their relationships
are complex. Results showed that perceived comfort
is much more than the average of perceived indoor air
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quality, noise, lighting, and thermal comfort responses.
Perceived comfort is a phenomenon that still requires
more investigation.

Researchers elsewhere noted that occupants’ age,
body constitution, and gender influence their
comfort perceptions. A yearlong study on 596 office
occupants in a thermal comfort field experiment was
conducted in Indonesia'”. The results demonstrated
that comfort perceptions vary with gender, body
mass index and ethnicity. Gender differences in
thermal comfort, preferences, and use of thermostats
in every day of over 3000 occupants were discussed
in a Finnish investigation!"*. Aspects of indoor
environmental quality and gender differences in the
occupants’ perception were also investigated in a
research conducted by Kim et al.'"”. Furthermore,
the experimental results of a study conducted in
India""®" demonstrated that females, young subjects,
and people with low body mass index had higher
comfort temperatures than males,older people, and
obese occupants, respectively. The researchers found a
difference of 0.3-1.0 K in various groups. Furthermore,
in naturally ventilated environments, females were
comfortable at 28.5°C and men at 27.8°C. Generally,
women accepted indoor conditions better.

The aim of the field study led by Maykot et al."” was
to determine the comfort temperature for men and
women in two office buildings located in Florianopolis
(Brazil), one operating under mixed-mode strategy
(naturally ventilated and/or air-conditioned) and one
fully air-conditioned. Overall, the comfort temperature
was 24.0°C for females, and 23.2°C for males. In
the mixed-mode building, comfort temperature was
statistically higher for females than that for males
(23.7°C and 23.0°C, respectively). In the fully air-
conditioned building, significant differences in comfort
temperature between females and males (24.2°C and
23.4°C, respectively) were found. Furthermore, when
the mixed-mode building operated under natural
ventilation, the comfort temperatures tended to be
lower for both men and women when compared to the
comfort temperature found in the same building during
air-conditioning operation.

Discomfort can also affect the health of workers. In this
respect, it is important that individuals of both genders
are satisfied with the ambient conditions. Closed
buildings operating at inappropriate temperatures,
in addition to other factors, could lead to the ‘sick
building syndrome’, which is responsible for symptoms
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such as headaches, irritation, dry or itchy eyes, nasal
problems, sore throats, breathing problems, fatigue, and
concentration problems'”.

1.2 Satisfaction and perceived productivity in
office buildings

The Center for People and Buildings in Delft, The
Netherlands, conducted a consistent number of
case studies into employee satisfaction with the
working environment and perceived productivity!'®],
Researchers found (over 10000 respondents from
71 case studies) that the ability to concentrate has a
substantial influence on the perceived productivity.
Respondents that were more satisfied with the ability
to concentrate were also more likely to experience the
workplace as supportive for their productivity.
Hellwig et al.!"” proposed a new definition of
satisfaction, where it is considered as a cause of both
comfort or pleasure, not exclusively of comfort. While
comfort results from homeostasis, pleasure is caused
by a successful control behavior. Furthermore, the
equilibrium of environmental factors in a person differs
with time, internal state, activity, and expectations.
Within the European research project HOPE®",
questionnaires were delivered to the occupants of 96
apartment buildings and 64 office buildings regarding
their satisfaction in terms of comfort (thermal, visual,
acoustical, and IAQ) and their perceived health (Sick
Building Syndrome and allergies). Strong correlations
were found between perceived indoor air quality,
thermal, acoustic, and lighting comfort. Significant
correlations between the perceived comfort and
building-related symptoms were also encountered, and
comfortable and healthier buildings being well distinct
from uncomfortable ones. Occupants were also asked
how much their productivity was increased or decreased,
in summer or in winter. Too high temperatures in
summer decrease the perceived productivity. In winter,
the productivity tends to decrease if the temperature is
perceived as not satisfactory.

Furthermore, another research examined the
relationship between individual thermal satisfaction
and worker performance”. Field measurements and
a questionnaire survey were conducted within an
organization participating in the COOL BIZ energy
conservation campaign. The results of the subjective
experiment indicated that performance during simulated
office work increased with greater individual thermal
satisfaction. The authors concluded that perceived
thermal satisfaction of occupants is reflected in the
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objective measurement of office work performance,
this result has practical implications for the evaluation
of thermal satisfaction in real offices as a means to
increment workplace productivity.

Chandra Pratama Putra™ considered the effect of indoor
thermal condition to building's occupant satisfaction
in offices located in Malaysia. A questionnaire survey
was performed to assess the strength of association
between thermal comfort and occupants’ satisfaction. A
total of 20 questionnaires were distributed to the office
workers. The results demonstrated that the condition
of the temperature inside office rooms was not the only
factor that contributes to the dissatisfaction of building's
occupants. In fact, the findings revealed that 40%
of occupants were dissatisfied on thermal condition
due to hot condition. Additionally, the air velocity
perceived by the occupants was low and resulted in the
40% dissatisfaction among the workers. Finally, the
study concluded that the relationship between indoor
environmental quality to produce occupant satisfaction
is a complex system that needs to be assessed
comprehensively.

The study presented by D’Oca et al.””’ results from
an interdisciplinary survey assessing contextual and
behavioral factors driving occupants' interaction with
building and systems in offices located across three
Italian cities. The authors attempted to identify climatic,
cultural, and socio-demographic influencing factors, as
well as to establish the validity of the survey instrument
and robustness of outcomes for future studies. Also,
the paper aimed at illustrating why and how social
science insights can bring innovative knowledge
into the adoption of building technologies in shared
contexts, thus enhancing perceived environmental
satisfaction and effectiveness of personal indoor climate
control in office settings and impacting office workers'
productivity and reduced operational energy costs.

1.3 Aim of the study

In this study, findings from a questionnaire survey
conducted at the University of Calabria (Italy) are
presented.

In particular, data regarding comfort, satisfaction, and
perceived productivity of workers are processed and
analyzed. The responses regarding satisfaction level and
perceived productivity are also combined by defining
a quantitative indicator named Office Productivity and
Satisfaction index (OPSi). Discomfort causes were also
considered. The study aimed to investigate specifically
the differences between male and female workers about
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their perception of indoor conditions.

2 Methodology

The study is based upon a cross-country survey on
the human-building interaction in university offices
developed by a multidisciplinary team to collect
responses from administrative staff, professors,
researchers, Ph.D. students, and visiting researchers
among universities and research centers located in
America, Asia, Australia, and Europe (see Figure 1).
The scientists involved in the investigation developed
a research framework by synthesizing building physics
with social science for studying human-building
interaction in office settings”*. In particular, three
theories were considered: the Social Cognitive Theory
(SCT)*”, the theory of planned behavior (TPB)**, and
the DNAS framework for energy-related behaviors™”
>l By using a double translation process”®”, the
survey was translated from English to four languages
(Italian, Polish, Hungarian, and Chinese). In Italy, the
questionnaire was delivered from April 5t to May 8",
2017.

Figure 1. Countries involved in the study.

2.1 Questionnaire content and targets

The survey consists of 37 questions summarized in
Figure 2 and aims to understand:

-the environmental, cognitive, and behavioral
motivational drivers influencing the human-building
interaction in diverse office settings and cultural
contexts;

-the interaction of workers with control systems and
how group decision is made to negotiate and share
control of equipment;

-the adaptive actions to improve comfort conditions;
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-the perceived satisfaction and productivity.

Figure 2. Survey contents.

2.2 Location, buildings, and participants

The questionnaire survey was delivered at the
University of Calabria (Unical), Italy. Unical is a public
institution founded in 1972 and created around the
concept of a Campus. Covering an area of 200 hectares,
it is located in the hilly area of Rende (39°21'53.8"N
16°13'32.5"E). As defined by the Koppen-Geiger
climate classification system, this geographic area is
characterized by a typical hot-summer Mediterranean
climate (Csa)". Specifically, the climate in Rende is
warm and temperate, and the rain falls mostly in the
winter, with relatively little precipitation in the summer.
In particular, during the data collection period, the
daily values of the external air temperature varied from
14.2°C to 26.6°C, with a mean value of 19.5°C. The
hourly mean values of temperature are shown in Figure
3.

Figure 3. Outdoor hourly mean temperature measured at the

University of Calabria during the survey period (from April 5" to
May 8", 2017).

The university campus presents two types of buildings:
the majority are concrete buildings; the other typology
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is made of wide glazed facades (see Figure 4).

Figure 4. Building types at the University of Calabria. 8) Concrete
buildings and b) buildings with glazed facades.

The questionnaire survey was emailed to 1598
participants. The sample, mainly composed of men
(59%), has an average age of 50.6 years. In fact, the
most populated categories are those ones that group
workers from 40 to 50 years (35.3%) and from 51
to 61 years (35.7%). 94% of employees have Italian
nationality, the remaining 6% includes 30 different
nationalities. Almost half of the sample is represented
by administrative staff (48%).

2.3 Investigated questions

Besides the demographic characteristics of the sample,
the analyzed questions in this work were those ones
regarding perceived comfort, satisfaction, and perceived
productivity of Unical employees. Four indoor comfort
conditions were considered: thermal, visual, acoustic,
and air quality.

The selected questions from the survey that were
analyzed are:

e Please tell us how you CURRENTLY feel in your
workspace

e70 what extent are you SATISFIED or NOT
SATISFIED with the following conditions in your
workspace?

e How would the following conditions influence your
current PRODUCTIVITY at work?

Respondents used a 7-point Likert scale for comfort and
a 5-point Likert scale for satisfaction and productivity.
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Causes of discomfort for each internal condition were
also investigated by using multiple choice questions:

e How would you best describe the sources of your......
discomfort at work, if there are any?

3 Results

3.1 Demographic information

The response rate reached 16% and the mean
completion time was 28.1 minutes. The demographic
characteristics of the respondents (N=253 people) are
summarized in Table 1. In particular, the final sample
was composed by 53% of men, 43% of women; 4%
of respondents declined to provide their gender. One
can see that the more numerous category that filled
out the survey was the administrative staff (39%),
followed by researchers (25%). The age ranges more
densely represented in the sample were from 40 to 50
years (34%) and from 51 to 61 years (32%). Regarding
the highest level of education, almost half of the
respondents had a doctoral degree (46%).

Table 1. Demographic characteristics of the sample: gender,
work position, age range, and the highest level of education

Variable | Respondents [%]
Gender
Male 53
Female 43
I prefer not to answer 4
Work position
Faculty (Professor or Lecturer) 21
Administrative staff 39
Ph.D. Student 12
Researcher 25
Visiting Researcher 0
Other 3
Age
18-28 years 9
29-39 years 16
40-50 years 34
51-61 years 32
62 years or older 8
Other or prefer not to answer 1
Highest level of education
Did not finish or have not finished high schoo 0
High school diploma 12
Bachelor degree or equivalent 4
Master degree or equivalent 34
Doctoral degree 46
Other or prefer not to answer 4
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3.2 Perceived thermal comfort

The first analyzed variable is the perceived thermal
comfort in the workspace. Based on a Likert Scale,
respondents chose a vote from 1 to 7, where 1 indicates
hot discomfort (1=Hot) and 7 indicates cold discomfort
(7=Cold).

As shown in Figure 5, around half of the sample (54%)
appears to be neutral, only a few people reported to

a)

b)

have a strong discomfort: 2% and 1% for hot and cold
discomfort, respectively. Strong discomfort was mostly
found for the female gender, only women declared
Cold discomfort and 60% of respondents that said
Hot discomfort were once again women. Moderate
warm discomfort was distributed mainly among men;
while women more frequently declared moderate Cold
discomfort.

Figure 5. @) Perceived thermal comfort and b) Perceived thermal comfort as a function of gender

3.3 Satisfaction

Likert Scale was also used to measure satisfaction
level. The values from 1 (Very unsatisfied) to 5 (Very
satisfied) were chosen by workers to indicate their
satisfaction with five conditions: indoor temperature,
quality of indoor air, quality of acoustics, quality of
natural lighting, and quality of artificial lighting. How
can be noted from data shown in Figure 6, there is a
prevalence of Somewhat unsatisfied answers for indoor

temperature, quality of air, and acoustics (30%, 32%,
and 29%, respectively). About natural and artificial
lighting, the biggest percentage was registered in
Somewhat satisfied class (35% and 36%, respectively).
The percentage of Very satisfied is lower than 10%,
except in the case of natural lighting that shows 20% of
answers. The percentage of respondents that declared
Very unsatisfied is lower than 15% for all comfort
conditions.

Figure 6. Satisfaction about indoor temperature, quality of indoor air, quality of acoustics, quality of natural lighting, and quality of artificial

lighting

Table 2 shows the mean satisfaction value for the
entire sample and as a function of gender. All the
considered conditions present a mean value of more
than 2.5 out of 5. It can be inferred that the respondents
are more satisfied about the quality of natural and
artificial lighting that present the highest mean values
of satisfaction: 3.23 and 3.17, respectively. Such a
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satisfaction is more declared by women (3.37 and 3.28).

Table 2. Mean value of satisfaction. For the total sample and for gender

Condition Total Men Women
Indoor temperature 2.87 2.87 2.90
Quality of indoor air 2.77 2.85 2.75
Quality of acoustics 2.88 2.89 2.86
Quality of natural lighting 3.23 3.17 3.37
Quality of artificial lighting 3.17 3.10 3.28
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3.4 Perceived productivity

Respondents selected a value from 1 (Very negatively)
to 5 (Very positively) to indicate how their perceived
productivity was affected by the internal environmental
conditions. One-third of the sample declared to be
neutral; Somewhat negatively was the second common
choice, except for lighting conditions for which workers
selected the option Somewhat positively in the 28% of
cases (see Figure 7). One can see that the conditions
which have a more negative impact on the perceived
productivity are the indoor temperature and the quality
of indoor air. On the other hand, the quality of natural
and artificial lighting seems to have a positive impact
on perceived productivity.

The average values recorded for each condition that
influences the perceived productivity are shown in
Table 3.

The values calculated for the entire sample are in
accordance with the comments made for Figure 7.

Table 3. Mean value of perceived productivity. For the total
sample and for gender

Condition Total Men | Women
Indoor temperature 291 2.96 2.86
Quality of indoor air 2.90 2.99 2.84
Quality of indoor acoustics 2.85 2.87 2.83
Quality of natural lighting 3.25 3.27 3.25
Quality of indoor artificial lighting 3.01 3.05 2.97

Regarding gender, it can be inferred that men showed
higher perceived productivity than women do in all
indoor conditions.

Figure 7. Perceived productivity due to indoor temperature, quality of indoor air, quality of acoustics, quality of natural lighting, and quality

of artificial lighting

3.5 OPSi: Office Productivity and Satisfaction
index

For each indoor condition, the responses regarding
satisfaction level and perceived productivity were
combined by defining a quantitative indicator, the
Office Productivity and Satisfaction index (OPSi).
The OPSi,, is the ratio between the perceived
productivity and the satisfaction level of each
respondent for the x condition:

. __ PPy
OPSl(x) =

1E)) 1
Where:

o PP is the perceived productivity;
oS is the satisfaction level;

ex is the considered condition (indoor temperature,
quality of indoor air, quality of acoustics, quality of
natural lighting, quality of artificial lighting).

Three clusters of OPSi were identified:

oOPSi < 1 groups people that despite a high score
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of satisfaction, chose a low value of perceived
productivity;

oOPSi = 1 includes people that assigned the same value
for satisfaction and productivity;

eOPSi > 1 embraces people that assigned a high value
of perceived productivity even though the low value
previously assigned to satisfaction.

The percentage of respondents contained in each
individuated cluster is shown in Table 4. Around or
more than 50% of the responses are grouped into
the class OPSi=1, the rest is split equally into the
other two clusters, except in lighting conditions that
present a higher and more significant percentage of
OPSi< 1 (33%) than OPSi>1 (18%). This Table also
contains the clusters obtained considering gender.
By comparing the results, it can be noted that there
are not substantial differences between the total
clustering and the clustering obtained by gender
diversification.
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Table 4. OPSi obtained for each considered indoor condition

Respondents [%] Male respondents [%] Female respondents [%]

Condition opsi | opsi | opsi | opsi | opsi | opsi | opsi | opsi | opsi
<1 =1 >1 <1 =1 >1 <1 =1 >1
Indoor temperature 24 51 25 25 51 24 22 51 27
Quality of indoor air 22 50 28 20 52 28 23 49 28
Quality of acoustics 26 54 20 25 52 23 25 57 18
Quality of natural lighting 27 51 22 29 43 28 26 59 15
Quality of artificial lighting 33 49 18 30 48 22 37 49 14

Successively, the authors focused their attention on
the group OPSi=1 with the aim of understanding if the
equality was derived from low (1, 2), neutral (3) or high
(4, 5) values of satisfaction and perceived productivity.
In particular:

e OPSi  includes all the respondents that declared to be
unsatisfied and negatively influenced by the considered
condition;

e OPSi groups only respondents that said to be neutral,
e OPSi’ contains the employees that felt satisfied and
positively influenced by indoor conditions.

The results, for all the entire sample and for gender

classification, are shown in Figure 8 a-c. In general,
the main part of the workers presents negative OPSi
due to indoor temperature (43%), quality of indoor
air (50%), and quality of acoustics (41%). On the
other hand, 53% and 39% of respondents have
positive OPSi regarding the quality of natural and
artificial lighting, respectively. Male workers present
mostly OPSi- for temperature (37%), air quality
(46%), and artificial lighting (44%). Instead, female
employees are also unsatisfied for acoustics condition
(43%), and more satisfied about artificial lighting
(30%).

Figure 8. Negative, neutral, and positive OPSi (OPSi’, OPSi™, and OPS'ﬁ) for each considered indoor condition for the total sample and for gender.

3.6 Causes of discomfort

Workers declared to be annoyed by diverse factors
from systems operating or buildings envelope
characteristics. Figure 9 shows the percentage of
male and female workers that identified causes of
discomfort. A significant percentage of respondents,
variable from 55% to 71% depending on the
condition, individuated discomfort motive. Thermal,
visual, and acoustic discomfort reasons were
principally issued by men.

More to the point, Figure 10 illustrates the causes of
discomfort for each internal condition by considering
gender diversification.

Regarding thermal discomfort, workers mainly
declared to suffer air drafts (from windows and/
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Figure 9. Percentage of male and female workers that declared
discomfort

or air conditioning systems) with a comparable
percentage in males and females (25.3% and
31.2%, respectively). Discomfort was also
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caused by localized temperature variations in
the indoor environment (workspace hotter/cooler
than other areas) and on the internal surfaces
(walls/floors too hot/cold) with a percentage
around the 20% of respondents. In particular,
women were more affected by cold workspaces
(23.4%) and men by hot internal surfaces
(23.2%). The most recorded cause of thermal
discomfort appeared the absence of thermostat
accessibility and, as a consequence, the lack of
control over the temperature level. Especially
men selected this cause of discomfort (42.1%).
Furthermore, male workers declared thermal
discomfort caused by ineffective heating/ac
systems (12.6%).

Visual discomfort was determined principally by
inadequate natural lighting considered too low from

the 41.4% of men and from the 52.5% of women. On
the other hand, glare was the cause of discomfort for
40.2% of men and for 31.1% of women. The common
answer was also the poor view of outside chosen by
30% of respondents.

Acoustic discomfort caused by internal noises was
selected by a consistent percentage of women: 59.7%
were disturbed by chatting and poor insulation
from other spaces, and 37.3% were annoyed by
equipment and mechanical systems. Lower but
significant percentages were recorded for men (47.8%
and 31.1%, respectively). Noise from outside was
strongly felt by male workers (56.7%) and to a lesser
extent from female employees (34.3%).

Bad/strong odors and stuffy/stale air are causes of
discomfort in the 40% of male and in the 30.1% and
49.3% of women, respectively.

Figure 10. Discomfort causes as a function of gender. @) Thermal discomfort, b) Visual discomfort, c) Acoustic discomfort, d) Air quality

discomfort.
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4 Conclusions

The paper presents the results of a study conducted
at the University of Calabria (Italy) by using a
questionnaire designed to understand the motivational
drivers of employees in interacting with shared building
environmental controls, in terms of ease of usage and
knowledge of building technologies, and the factors
that most influence perceived comfort, satisfaction, and
perceived productivity.

The first part of this study was dedicated to the
demographic characterization of the sample by
taking into account also gender composition. Gender
preferences were analyzed in the study of perceived
thermal comfort and the results demonstrated that
moderate warm discomfort is mainly distributed among
men; while women frequently declared moderate
cold discomfort. Five conditions were considered
for collecting information about satisfaction: indoor
temperature, quality of indoor air, quality of acoustics,
quality of natural lighting, and quality of artificial
lighting. The sample showed positive satisfaction
for natural and artificial lighting, especially women.
The effect of indoor conditions was also investigated
in reference to perceived productivity. The results
demonstrated that the conditions which have a more
negative impact on the perceived productivity are
the indoor temperature and the quality of indoor air.
Quality of natural and artificial lighting seems to
have a positive impact on workers. Moreover, men
showed higher perceived productivity than women in
all categories of indoor conditions. For each indoor
condition, satisfaction and perceived productivity have
been related by introducing a quantitative indicator,
the Office Productivity and Satisfaction index (OPSi)
defined as the ratio between the perceived productivity
and the corresponding satisfaction level. Three groups
were identified OPSi<1; OPSi=1, and OPSi>1. The
authors considered in detail the group OPSi=1 in
order to establish if the equality was derived from low,
neutral or high values of satisfaction and perceived
productivity. Some gender differences were found:
men presented mostly low values for temperature, air
quality, and artificial lighting; female employees were
more satisfied with artificial lighting but unsatisfied
for acoustics condition. The workplace was felt
uncomfortable from a large percentage of respondents.
In particular, the lack of control over the internal air
temperature was the most diffused cause of thermal
discomfort, especially for male workers. On the other
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hand, female employees declared to be more affected
by inadequate natural lighting and men by glare from
windows due to reflections on computer screen/desk.
Women appeared more sensitive to indoor noises,
and men more annoyed from outdoor disturbance.
Especially men attributed low air quality to stuffy air
and inadequate (natural and mechanical) ventilation.
The investigation demonstrated that comfort in
workplaces is the result of combined conditions:
thermal, visual, acoustic, and air quality. Also, internal
quality perception and declared discomfort causes
are different in women and men. In fact, technical
and constructive characteristics of buildings affect
negatively the satisfaction and perceived productivity
with gender-related differences.

These findings can help managers of office buildings in
improving workplaces design and management.

Acknowledgments

The survey was designed and tested as part of the
activities conducted among the international research
community embracing the International Energy Agency,
Energy in Buildings and Communities Programme,
Annex 66, “Definition and Simulation of Occupant
Behavior in Buildings.” Authors acknowledge
significant contributions provided by Chien-fei Chen
of the University of Tennessee and by Tianzhen Hong
from the Building Technology and Urban Systems
Division, Lawrence Berkeley National Laboratory,
for the coordination of the international survey.
Authors wish also to acknowledge the Italian team
for the collaboration in creating the Italian version of
the survey: Verena M. Barthelmes, Stefano Corgnati,
Simona D’Oca, and Anna Laura Pisello. Gianmarco
Fajilla would like to thank the Calabria Region
Government for his Ph.D. scholarship (POR Calabria
FSE/FESR 2014-2020, Identification Project Number
H21G18000170006).

References

[1T O’Brien W, Gunay HB. The contextual factors contributing to
occupants’ adaptive comfort behaviors in offices - A review
and proposed modeling framework. Building and Environment,
2014, 77:77-88. doi:10.1016/j.buildenv.2014.03.024.

[2] Schweiker M, Wagner A. The effect of occupancy on
perceived control, neutral temperature, and behavioral patterns.
Energy and Buildings, 2016, 117:246-59. doi:10.1016/
j.enbuild.2015.10.051.

[3] Cincinelli A, Martellini T. Indoor air quality and health.

Volume 3; Issue 4



[12]

[13]

[14]

[15]

[16]

[17]

International Journal of Environmental Research and Public
Health, 2017. doi:10.3390/ijerph14111286.

Joint Research Centre. Indoor air pollution: new EU research
reveals higher risks than previously thought. European
Commission. Brussels, 2003.

EPA. Indoor air quality and student performance, 2003.
Clements-Croome D. Creative and productive workplaces: a
review. Intelligent Buildings International, 2015, 7:164-83. do
i:10.1080/17508975.2015.1019698.

Antoniadou P, Papadopoulos AM. Occupants’ thermal comfort:
State of the art and the prospects of personalized assessment
in office buildings. Energy and Buildings, 2017, 153:136-49.
doi:10.1016/j.enbuild.2017.08.001.

Liu J, Yao R, McCloy R. An investigation of thermal
comfort adaptation behaviour in office buildings in the
UK. Indoor and Built Environment, 2014, 23:675-91.
doi:10.1177/1420326X13481048.

CEN (European Committee for Standardization). ISO 12464-
1: Light and Lighting - Lighting of Workplaces — Part 1:
Indoor Workplaces, Geneva Int. Stand. Organ 2011.

Pellerin N, Candas V. Effects of steady-state noise and
temperature conditions on environmental perception and
acceptability. Indoor Air, 2004, 14:129-36. doi:10.1046/
j-1600-0668.2003.00221 .x.

Frontczak M, Wargocki P. Literature survey on how different
factors influence human comfort in indoor environments.
Building and Environment, 2011, 46:922-37. doi:10.1016/
j.buildenv.2010.10.021.

Bluyssen PM, Aries M, van Dommelen P. Comfort of
workers in office buildings: The European HOPE project.
Building and Environment, 2011, 46:280-8. doi:10.1016/
j-buildenv.2010.07.024.

Karyono TH, Wonohardjo S, Soelami FN, Hendradjit W.
Report on thermal comfort study in Bandung, Indonesia.
Proceedings of International Conference ’Comfort and Energy
Use in Building Getting Them Right, 2006:1-9.

Karjalainen S. Gender differences in thermal comfort and
use of thermostats in everyday thermal environments.
Building and Environment, 2007, 42:1594-603. doi:10.1016/
j-buildenv.2006.01.009.

Kim J, de Dear R, Candido C, Zhang H, Arens E. Gender
differences in office occupant perception of indoor
environmental quality ( IEQ ). Building and Environment,
2013, 70:245-56.

Indraganti M, Ooka R, Rijal HB. Thermal comfort in offices
in India: Behavioral adaptation and the effect of age and
gender. Energy and Buildings, 2015, 103:284-95. doi:10.1016/
j-enbuild.2015.05.042.

Maykot JK, Rupp RF, Ghisi E. A field study about gender
and thermal comfort temperatures in office buildings.
Energy and Buildings, 2018, 178:254-64. do0i:10.1016/

Distributed under creative commons license 4.0

[18

—_

[19

—

[20]

[21]

[22]

[23]

[24]

(28]

j-enbuild.2018.08.033.

Maarleveld M. EuroFM Research Symposium. 10th EuroFM
Research Symposium, 2011.

Hellwig RT. Perceived control in indoor environments: A
conceptual approach. Building Research and Information,
2015, 43:302-15. doi:10.1080/09613218.2015.1004150.
Roulet C-A, Johner N, Foradini F, Bluyssen P, Cox C, De
Oliveira Fernandes E, et al. Perceived health and comfort
in relation to energy use and building characteristics.
Building Research & Information, 2006, 34:467-74.
doi:10.1080/09613210600822279.

Tanabe S, Haneda M, Nishihara N. Workplace productivity
and individual thermal satisfaction. Building and Environment,
2015, 91:42-50. doi:10.1016/j.buildenv.2015.02.032.

Chandra Pratama Putra J. A study of thermal comfort and
occupant satisfaction in office room. Procedia Engineering,
2017, 170:240-7. doi:10.1016/j.proeng.2017.03.057.

D’Oca S, Pisello AL, De Simone M, Barthelmes VM, Hong
T, Corgnati SP. Human-building interaction at work: Findings
from an interdisciplinary cross-country survey in Italy.
Building and Environment, 2018, 132:147-59. doi:10.1016/
j-buildenv.2018.01.039.

D’Oca S, Chen CF, Hong T, Belafi Z. Synthesizing building
physics with social psychology: An interdisciplinary
framework for context and occupant behavior in office
buildings. Energy Research and Social Science, 2017, 34:240—
51. doi:10.1016/j.erss.2017.08.002.

Bandura A. Social Foundations of Thought and Action: A
Social Cognitive Theory. Englewood Cliffs, NJ, US: 1986.
Ajzen I. The theory of planned behavior. Organizational
Behavior and Human Decision Processes, 1991, 50:179-211.
doi:http://dx.doi.org/10.1016/0749-5978(91)90020-T.

Hong T, D’Oca S, Turner WIN, Taylor-Lange SC. An
ontology to represent energy-related occupant behavior
in buildings. Part I: Introduction to the DNAs framework.
Building and Environment, 2015, 92:764-77. doi:10.1016/
j.buildenv.2015.02.019.

Hong T, D’Oca S, Taylor-Lange SC, Turner WJN, Chen
Y, Corgnati SP. An ontology to represent energy-related
occupant behavior in buildings. Part II: Implementation
of the DNAS framework using an XML schema. Building
and Environment, 2015, 94:196-205. doi:10.1016/
j-buildenv.2015.08.006.

McGorry SY. Measurement in a cross—cultural environment:
survey translation issues. Qualitative Market Research:
An International Journal, 2000, 3:74-81. doi:https://doi.
org/10.1108/13522750010322070.

Peel MC, Finlayson BL, McMahon TA. Updated world map
of the Koppen-Geiger climate classification. Hydrology and
Earth System Sciences, 2007, 11:1633—44. doi:10.5194/hess-
11-1633-2007.

23

Volume 3; Issue 4





