daolall The
dd i 1 British Universi
E’l_;_rU:\,,rJ_,LL ) k innDubai niversity

Subjective Evaluation of UAE inhabitant’s perceptions of their
Residential & Commercial Indoor Environments.

Aglalal) 5l Bl Lad 00 3 LSl 6l 5 53 (ald
il RS bsal

By:
Dipti M Raipancholia
Student ID: 100137

Dissertation Submitted in partial fulfilment for the degree of

MSc in Sustainable Design of the Built Environment

Faculty of Engineering & Information Technology

Supervisor:

Dr. Moshood Olawale Fadeyi

April 2013



ABSTRACT

Research has perpetually shown us that an Indoor Environment quality is a
judged by a detailed evaluation of its Indoor Air quality, Thermal Comfort,
Acoustic and Visual Comfort. We also understand that physiological and
psychological factors do influence the way people perceive an indoor
environment. But, very less research has been conducted upon how an
individual’s demographics, i.e. their age, gender and origin affects their

perception of levels of comfort, health and productivity in an indoor setting.

This thesis shows the findings of investigation into the IEQ comfort, health and
productivity through Quantitative (survey questionnaire) and Qualitative
evaluation (extensive literature review). The main subject of the research focuses
on efforts to address the occupants’ responses associated with Comfort and
Health as well as the opinions of their working and living environments based on
their responses. Based on the evaluations made by 1000 occupants of the IEQ of
offices and homes in Dubai, Results are derived from a series of intervention
studies in order to determine the effects of all parameters independently as well
as to explore further variables responsible for the effects of the indoor
environmental inconsistency. By calculations of Average, Standard deviation,
Mean and P-values, it was found that in Residential Environments; Gender
caused differences in perception of Thermal Comfort and Levels of Productivity.
Age was a factor to variance in Health complaints such as Nausea/vomiting,
Shortness of breath, Stuffy Nose, Skin rash/itchiness, Eye irritation and
Perception of lowered productivity, whereas Origin caused difference in opinion
in terms of Thermal Comfort only. In Commercial Environments; Gender was a
factor for the variance in the perception of satisfaction in terms of Noise,
lighting, thermal comfort and productivity levels. Age was a factor for health
complaints in symptoms of Eye irritation, whereas Origin was a cause for

difference in perception of Thermal Comfort.
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In a majority of the developing cities including Dubai, architects and engineers
have not been the target of liability for arising IEQ issues yet, which have
resulted in occupants being sick due to the poor IAQ or insufficient day lighting
and many other factors. This is causing a great concern in the fields of design and
construction as professionals suffer a loss in terms of reputation and money. Due
to increase in a competitive construction market in the UAE, it is becoming
incalculably essential for owners to maintain higher occupancy rate and meet the
increasing demands of sustainable, healthy and comfortable indoor environs to
become environmental friendly, care for the occupants as well as attract further
tenants. Findings from this study can assist Owners, architects, designers,
contractors, policy makers and the government organizations in Dubai to
improve their indoor environmental quality and sustain clean and healthy Indoor
settings. It is vital that sustainability in the region does not only focus on
resource conservation but also on human health, comfort and productivity
within building environments. This study hopes to provide insight over the
factors affecting occupant perception of Indoor Environmental Quality in relation

to building performance.
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CHAPTER 1

INTRODUCTION



1.1 Introduction

Being comfortable in a given environment, does not require the environment to only
consist of evident comfort factors. The indoor environment also consists of unobvious
parameters that can cause the zone to be comfortable or discomfited, for a certain
individual depending on their health, clothing, mental levels of stress and principally
environmental conditions. An environment that we discuss here would be essentially
indoors only. There are a number of indoor environmental dynamics which may or may
not cause comfort in a set indoor precinct, other than personal factors that need to be
determined beforehand. There are various factors needed to be determined before
coming to a conclusion of whether or not a certain indoor environment is healthy and
comfortable or not. Firstly an individual’s level of sensitivity, health and hygiene need to
be analysed before getting a fix at the physical, chemical and biological aspects of an
indoor environment. The foremost Comfort parameters that environmental designers
look at in an indoor environment are the Thermal comfort, Acoustic comfort, Visual
comfort and the Indoor Air Quality which is mainly responsible for the health and ease

of an indoor area.

There has been an immense pursuit to tone down the major climatic changes leading to
global warming. There has been a comprehensive aspiration for the creation of green
buildings with the reduction in usage of energy. Sustainability has become inescapability
and not an option, due to which every nation has been talking about being sustainable
and creating Green buildings. The populace does not comprehend the meaning of Green
buildings. People are only aiming at reducing the energy use and thus by assuming the
buildings to be green. There has to be a wider understanding to the term “sustainability”
which is not only creating green buildings from the exterior but also crafting
comfortable and healthy indoor environments, which is a major concern for the present
and future generations to consider and comprehend. Human requirement for comfort,
health and productivity are at stake and the most considerate approach to which would
be to create healthier indoor environments by having receptive elucidations to all our

tribulations and challenges.
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Sick building syndrome (SBS) and Building related illnesses (BRI) have impacted three
fourths of the world’s comfort, health and productivity. Extensive researches have been
done during past three decades in order to testify these (Sekhar 2009). In the study
conducted by Sekhar (2009), there has been noteworthy progress in understanding the
root cause of SBlI and BRI which are the sources of toxicity and other indoor
contaminants, while no major step has been taken in order to stop them completely.
There needs to be more evidence to testify this and also bring about these issues to
further attention of the public and healthy safety policy makers as well as contractors

and designers.

In order to carry on a subjective evaluation of Commercial and Residential Indoor
environments within the region of Dubai, which is a region of United Arab Emirates, we
would firstly get into understanding the background of the Country and the region to
have a broader perspective in analyzing its current situation in terms of the city, its
background historically and geographically and also to understand the culture and living

standards of its residents.

1.2 Background Study

1.2.1 United Arab Emirates

With an approximate land area of around 82,000 square kilometres, forms the United
Arab Emirates (U.A.E), which is a Middle Eastern country located in the south-eastern
Arabian Peninsula. It is an Islamic and Arabic Country and shares its borders with Oman
and Saudi Arabia. Most of the land is predominantly formed of the desert sands as well
as mountains. The main economic gains of the country are through oil production which
is its largest beneficiary invention. Other than oil, the country is also known for its dates
industries, farming and pearls trading. In the past 35 years, Dubai has emerged from a
traditional to a modern economy. It is one of the greatest revenue earning cities, after
Abu-Dhabi. But is one of the centres for travel, trade and business. It has made a wide
leap in its economy in the past decade. After its fishing and pearl industries it has now
diversified into various different industries including construction and trading. Saadeh

(2007, p. 1) stated that “after years of growth that has transformed Dubai from a desert
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backwater into a trade and tourism hub, the Gulf emirate is waking up to the
environmental impact of 24-hour construction” . Large scale construction has led to set
indoor construction in order to cater to the growing needs of homes and offices in Dubai
as well as lowered consideration towards the environmental impact on its nations, thus
having an urgent need to establish the causes of environmental effects to an indoor

environment.

1.2.2 Green Buildings and Construction industry in the UAE

Architecture and construction were at its peak before the financial crisis in the late
2008. Yet, Dubai on its own has managed to overcome the recession due to its great
number of hard working populace. It has some of the world’s best modern and
traditional architecture and also is aiming at constructing many more famous pieces of
architectural projects in the upcoming years. As we look into the recent past, Dubai has
constructed the world’s tallest tower “Burj Khalifa” and many other unbelievable
projects such as the palm Islands over the waters, the “Infinity twisting tower” and many
more. It has been an ideal prototype for urbanization and modernization in a rapid
period of time. For a rapidly growing nation like the U.A.E, rural development and
sustainability are major concerns for policymakers, consultants, contractors, as well as
the public in order to trim down their harmful environmental impact and natural
resource depletion, although the country has surfaced as a centre of trade, solidity,
security, and Peace most importantly. According to Abdellatif (2005), “development is
happening too fast in Dubai, too fast for Social Structure, too fast for Infrastructure, too
fast for the people, too fast for the environment and too fast for us to learn from our
mistakes”. Hence it’s really important for the society as a whole to act into exterior as

well as interior sustainability as a whole.

1.2.3 Credibility Gap

U.A.E is one of the 1* ranked countries in terms of having a large carbon footprint. This
means that it is one of the most unsustainable countries as per current statistics. The

Emirates is a country with the maximum construction practices currently and uses up a

lot of embodied energy. Due to this the policy makers, governments and the superiors
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of the country are taking up major steps in the U.A.E to make it a sustainable country
and to keep the environment intact and ensure sustainability throughout the country.
Recently the vice president of the country has declared the UAE Initiative of Green
Economy for Sustainable Development. They have focused on addressing the following
issues such as: green construction, low carbon emissions, effective building
managements, stimulating refurbishment programmes, efficient water management,
creating sustainable cities, recycling, sourcing building materials ethically and

responsibly, adapting to the impact of climate change, and most designing green.

There has been very little focus on indoor environment quality as well as health related
issues to the IAQ. Everybody aims to focus on the carbon foot print and energy saving
bit. The human health and comfort is a subject given nil importance in the field of
sustainability. This is due to the credibility gap amongst the public, designers, architects
as well as policy makers. The American Heritage Dictionary defines ‘Credibility gap’ as a
term used to express and illustrate the public scepticism on certain subjects of matter
and situations. It is the ignorance and unawareness of the human populace in the region

which causes this issue to remain unsolved and unconsidered.

1.2.4 Current Indoor environmental assessment and Health and

Lifestyle

In a recent article on an air quality assessment by Dr.Jacqueline MacDonald in the U.A.E,
it was found that indoor air pollution had led to 250 deaths (Todorova 2009). Particulate
matter has been found to be in higher limits and air pollution has been associated with
heart and lung diseases. This study was conducted by scientists from the University of
North Carolina, Chapel Hill. An approximate of 5-38% of premature deaths was caused
due to the indoor pollutants and toxins every year in the U.A.E. The results of the study
concluded major indoor air pollutants, mainly formaldehyde which was present in
furniture, fixtures and fittings. This proved that many health concerns were related to
poor indoor air quality in homes and offices where people spend majority of their time

at. Majority of the people in Dubai have been suffering from BRI and SBS.
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BRI: Building Related lliness is a term used to define unambiguous symptoms such as
cold, dry throat, skin rash, flu, muscle aches, headaches and many such others credited
to indoor building contaminants in badly lit, thermally uncomfortable and poorly

ventilated buildings identifies by a medical professional (About, 2013).

SBS: Sick Building Syndrome is a similar term used to describe symptoms relating to
acute health and comfort effects such as nausea, itchy skin, fever, or even asthma at
times linked to the time spent in indoor environments but these symptoms are

unrecognizable in contrast to BRI (EPA, 2013).

1.3 Indoor Environmental Quality

Indoor environmental quality is an integrated matter of a human’s physical,
psychological and physiological state of comfort and well-being. It comprises of a
numerous factors for an individual to be comfortable in a given surrounding. Clean and
healthy Indoor air quality, acoustical comfort, visual comfort (lighting), thermal comfort
as well as physiological comfort can bring about a good or bad level of a particular
indoor environment. Certain individual suffer to chemical and/or electromagnetic
sensitivities. Thus a toxic indoor environment can bring about various health issues for
such human beings. The existence of various harmful organic compounds in the
environment such as smoke, dust, radon, CO, lead as well as high levels of C02 and many
more can cause unhealthy and poor indoor environments. All these chemicals enter a
given indoor environment through, furniture, furnishings, paints, machines emitting
electromagnetic fields, poor ventilation, exhaust systems as well as low levels of
maintenance. Noise and vibration are also causes for creating electromagnetic
differences and triggering various health imbalances and at times could cause seizure
attacks in susceptible individuals. Adverse Indoor Air Quality is one of the main causes to
ill-health and discomfort to humans at a given indoor environment. It can cause asthma,
birth defects, itchy throat, runny nose, flu and cancer at times in the long run. There can
be a lot of manmade sources of indoor air pollutants such as hair, dust, pesticides, food,
mould as well as moist, etc.. Symptoms such as headaches, poor concentration, fatigue

as well as eye, nose and throat infection are linked to bad indoor environmental quality.
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Indoor environmental quality is directly interrelated to human health and comfort.
Indoor environment depends entirely on the level of indoor pollution from building
construction, materials, maintenance as well as indoor air quality. It is extremely
important while designing and constructing an indoor environment to use toxic free
materials and leave spaces open for ventilation and exhaust of polluted air. It is also
important to follow certain guiding principles for the health, safety as well indoor
environmental comfort and protection. According to research, 80-85 % of the time of a
day is spent indoors (at residences and work) by humans (Refer to Figure 1.1). Hence it is
extremely important to understand and evaluate the current dire conditions of working
and living interior environments in order to exclude the factors such as SBS and BRI from
the lives of people in the current world of intense construction and design, especially in
the region of Dubai. There is a lot of pressure and stress in addition to bad indoor

settings, which can make health and productivity levels fall drastically.

Residence 50%
Outdoors 4%—
Vehicle 6%
Work 40%

Figure 1.1: Average daily time allocation (Lee et al 1996)

A comfortable indoor environment is a combination of various perspectives being:
thermal comfort, visual comfort, Acoustic comfort, indoor Air quality (being one of the
important factors relating to indoor environmental quality), as well mental and physical
state of well-being. According to Research an indoor environmental quality can be
evaluated by calculating levels of noise (Leq), lllumination (lux), CO, concentrations, as

well as operative temperature (To) in order to check them and compare them to the

Page | 7



standard healthy levels and ranges of acceptance in an office or home environment.
Indoor pollution is unswervingly associated with the particular air quality of an indoor
environment. This is linked mainly to the health and comfort of individuals. Certain
harmful, polluted and toxic environments are linked directly to the cause of primary
diseases such as asthma; birth related defects as well as cancer. Hence it is extremely
important to have good ventilation, fresh air supply as well as appropriate selection of
toxic free indoor materials for the design and built of new homes and offices. The other
factors related to indoor environmental quality are the noise levels, air pollution (caused

by construction, dust, chemicals and vehicle pollution and water pollution.

An occupants attitude towards the thermal, acoustic , visual and aural perception of
comfort have to be studied subjectively in order to understand people’s view points on a
particular commercial or residential indoor environment. The degree of human
satisfaction (depending on the comfort, good health and productivity) largely depends
on the discretion of Architects, designers, policy makers, landlords as well as end-users.
However the correlations of occupant satisfaction would be different in homes and
offices due to the various parameters such as clothing, comfort, machines, and odour as
well as thermal and visual quality. Thus it is important to study all the factors well as the

common causes relating to indoor environmental quality independently.

1.4 Motivation for the study

Current health conditions and unease in homes and offices has made it vital to further
understand what the root cause to lethargy and Building related illnesses are. According,
to a survey conducted by the health departments in California and New Mexico, “there
are a significant number of people who are sensitive to chemicals and electromagnetic
fields” (Miller and Ashford 2001). Along with protecting the nature and its products, it is
also imperative to maintain comfortable and healthy indoor environments which will
give rise to better stratum of productivity and a better life in general. It is important to
understand the indoor environmental quality of spaces in the U.A.E firstly in the region
of Dubai. It is also vital to analyse how comfortable individuals are in their respective
indoor environments; to really understand their perception; subjective evaluation has to

be done to get an overall wide perspective of the people and their current conditions.
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1.4.1 Problems

Improper maintenance, ventilation and comfort within commercial and residential
buildings can influence the sensitivities of many individuals causing Sick Building
syndrome and Building Related llinesses. There is an approximate of 188 indoor air
pollutants, an overdose of which could cause many health defects in certain individuals.
These pollutants could be from cleaning and maintaining substances as well as

unhygienic living and working conditions.

1.4.2 Need for a Solution

A lot of research and evidence suggests that there is a significant threat to indoor
environments due to the release of various toxins from exteriors as well as interior
sources of pollutants, which could be from the furniture, finishes as well fixtures. It
could also be a problem of bad indoor air quality which again has a lot of reasons varying
from personal hygiene issues to poor quality of mechanical (air-conditioning and
exhaust) facilities as well as less or no maintenance of these facilities. All this leads to
causing significant public health risks, mostly amongst children, elders, the poor as well
as a lot of other sensitive individuals. In spite of the proven facts of harmful effects of
indoor environments on human health, no major steps or concern has been regarded in

consideration to it.

1.5 Aims of the Study

Due to immense urbanization and industrialization there is an increase in the number of
offices and majority of the population spend three fourths of their lives indoors. There is
a huge necessitate in constructing self-sufficient indoor environments which have
satisfactory intake of fresh air, proper air circulation to flush out VOC's, organic matter
and excess CO, present in the interior milieu. All of this calls for an imperative
enhancement in the field of ventilation systems and to provide adequate thermal and
humidity levels indoors to make the people feel comfortable and healthy. There is a rise

in the number of diseases caused primarily due to unhealthy interior spaces. Diseases
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such as “sick building syndrome”, asthma, skin allergies, chest infections, flu’s as well
extremely detrimental sickness such as cancer and many other chronic diseases are
caused due to the inefficiencies of a ventilation system. There are many other sources of
contamination such as dust, moulds as a result of humidity, hair, pollens and ozone from
outdoor surroundings. The aim of the study is to build more research basis for
developers, media, citizens, designers, architects, engineers and researchers in order to
get in depth information about the efficiency of indoor environments and how other
factors such as demographics of individuals play a role in affecting individual’s health,

comfort and levels of productivity.

1.6 Significance of the Study

The research is basically based on current and previous studies and understandings of
various modes of indoor environmental evaluations. We will focus largely on the Middle
East and Dubai to be more specific, as the survey is conducted within the region of
Dubai. It also focuses mainly household and working environments; hence the
examinational survey is conducted at homes and offices on a large scale to study the
impacts of these environments on human health, comfort and productivity. Research
includes an extensive literature review to understand the indoor environments in
various countries. It will then focus in a subjective evaluation of IEQ in Dubai mainly by
conducting large scale surveys in order to understand the perception of Indoor
environments in homes and offices by the people and for the people. This research will
help architects, contractors, and designers mainly in understanding how simple
decisions taken in the design process of residential and commercial buildings can
achieve a healthier and productive Indoor Environment. By comparing the results
obtained from all the Residential and Commercial Surveys, a good evaluation of the

problems and solutions of indoor environments in the U.A.E will be achieved.

Page | 10



1.7 Thesis Outline

This dissertation consists of 7 chapters including the following:

Chapter 1: Introduction

This part focuses on the fundamental focus of the dissertation, which is the Subjective
Evaluation of Indoor Environmental Quality in Dubai. The factors affecting it as well as
many other basic definitions related to the subject. It also covers the historic and
geographic values of the region, including its fidelity for the construction industry. It
articulates about the credibility gap and health and Lifestyle of individuals residing in the
city. The motivation and significance of the study is also mentioned here, along with the

research scope and outline.

Chapter 2: Literature Review

Research papers are discussed in this section in comparison to the topic. It provides
knowledge in order to generate research parameters as well as understand the research
methodologies used throughout various studies. Research papers will be analysed in
depth as well as compare and contrast different approaches which will further provide a

baseline of knowledge in order to pursue the research paper.

Chapter 3: Methodology

This section of the study will investigate various types of methods used in different
studies of different years and times, their advantages and disadvantages will be
discussed in terms of assessing the right approach towards each study. The general
result of this chapter will determine the proper research method to be obtained in order

to generate the best and the most accurate results.

Chapter 4: Results and discussions

This part of the chapter looks at various current and used surveys that have been carried
out in the past in which provided valid results. Comparing various such surveys , lead to
the finalization of a particular survey structure as an optimum survey format and layout
best used and then analysed using various software’s such as Microsoft Excel and SSLS in

order to gain accurate data and analysis. Here the data recorded and analysed from the
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surveys which are talked about and scrutinized using various perspectives in the field
study of indoor environmental quality. Current subject evaluation is done in order to
understand the current health and comfort standards within the region of Dubai. This is
further discussed in order to attain a goal of perfection and standardization after

consideration of various requirements to make healthier living conditions in the U.A.E

Chapter 5: Conclusions and Recommendations

Here we conclude with the remarks and results achieved from this study including a
large scale research and survey conducted. This section would also contain suggestion in
order to progress the research topic in various other conditions and times and to gain
productive information studying the paper. It would recommend various ways to
improve the health, safety as well as comfort standards for living and working

environment within Dubai and U.A.E as a whole.
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CHAPTER 2

LITERATURE REVIEW



2.1 Overview

The main aim of the literature review is to evaluate and study various research papers
which speak about in-depth information on indoor environments and their levels of
comfort and health. It also focuses on the past and current studies involving and
assessing our topic of research. A lot of papers have been studied and understood to get
a wide understanding of the current studies regarding the same. Methodologies have
also been studied in order to conclude the most appropriate method for this particular
research. Most of the research papers use a comparative approach between two or
more types of methods to conclude with best results possible, to achieve required
outcomes. Here existing journals and papers are reviewed to present accessible
knowledge to the subject of Indoor environmental quality in the world as well as in
Dubai. It develops up to date understanding in the study of Indoor health and comfort as
well as the factors causing discomfort, ill-health as well as reduction in the levels of

productivity.

2.2 Impact of Indoor Environmental Quality in Offices and Homes

2.2.1 Indoor Air Quality

Indoor air quality is a measurable dominant factor for indoor environments; it is the
comfort level of air present in a given indoor environment which is inhaled by humans
that has a pollutant concentration, a measureable air temperature, humidity and
velocity. A good indoor air quality largely depends on the absence of masses of
concentration of chemical, biological and particulate contaminants. 1AQ is one of the
most important factors in determining the comfort level of an Indoor environment, Due
to the fact that a bad IAQ can lead to various volatile diseases in a human. It also creates
a difference in performance and productivity of an individual residing or working in a set

environment.
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2.2.1.1 Concentration of Indoor Contaminants and their Sources:

v Chemical

Chemical concentrations of Indoor Contaminants are volatile organic compounds
(VOC’s) and airborne chemicals having the ability to be extremely poisonous when in
contact with skin or even inhaled. They enter the body through one of the three
processes: inhalation, skin absorption as well as ingestion. Some of the examples of
VOC’s are Formaldehyde, radon, Lead, Carbon Monoxide, Vinyl Chloride, Hydrofluoric
acid, solvents (e.g. Benzene), disinfectants, pesticides as well as high levels of CO, are
listen in Table 2.1. VOC’s are ubiquitous to indoor environments and some are also
present from the outdoor inorganic compounds such as Ozone. Human activities,
various types of pollution, building product emissions, as well as unfiltered air cause

Indoor Pollution.

Typical Indoor Cotaminants (VOCs) and Their Source

Contamination Source |Emission Source VOC
Breath Acetone, Ethanol, Isoprene,
Human Being Skin Respiration & Perspiration Nonanal, Decanal, alpha-Pinene
Flatulence Methane, Hydrogen
Cosmetics Limonene, Eucalyptol
Consumer Products Household Supplies Alcholos, Esters, Limonene
Office Equipment Printers, Copiers, Computers Benzene, Styrene, Phonole
Combustion Engines, Appliances, Smoke Unburnt Hydrocarbons
Building Materials Paints, Adhesives, Solvents, Carpets |Formaldehyde, Akanes, Alcohols, Aldehydes, Ketones, Siloxanes
Furniture Poly Vinyl Chloride (PVC) Touleme, Xylene, Decane

Table 2.1: Sources and types of VOC'’s (Applied Sensor 2010)

Radon, Asbestos, Nitrogen Oxide, Carbon Monoxide, formaldehyde and Carbon Dioxide
are the other major chemicals responsible for indoor air pollution. Radon is emitted
from the soils, Asbestos and formaldehyde is found from the insulation of the ceilings,
from furnishings especially wooden products. Nitrogen oxide and carbon monoxide is
emitted from unflued gas such as heaters in residences, whereas carbon dioxide is the
exhaled air which does not get outside the indoor environment and is a result of indoor

pollution when it is not replenished with clean oxygenated air.
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There is a limit to level of acceptability of these compounds beyond which the health of
person starts to get low. These harmful chemical compounds may be present in many
homes and can enter a house-hold through furniture’s, furnishings, finishes, fragrances,
disinfectants as well as through water and gas. One of the best ways to avoid these from
entering your household or office environment is by avoiding toxic agents within many
substances and opting for natural and non-toxic alternatives by being more cautious and
well-informed. One of the other ways of getting rid of such VOC's is by having good
ventilation and exhaust systems which will facilitate the exit of these chemical toxins out
of an interior environment and supply clean, fresh oxygenated air to indoor

environments.

Environmental Tobacco Smoking (ETS) is another factor to major sources of chemical
contaminants in an Indoor environment. Tobacco smoking is one of the main sources for
increase in harmful airborne particle concentrations within a given environment and a
major exposure to humans. Indoor air quality can be acutely affected by Environment
tobacco smoke (ETS). Hackshaw et al (1997) stated that this can lead to high risks of lung
cancer, heart diseases and other respiratory infections for humans living under such
acute environmental conditions. Even a passive smoker residing or working in a smoking
environment can become a victim to these diseases and even reduce his/her life span
eventually. According to research and experiments conducted by Spengler et al (1981);
Coultas et al (1990); Leaderer and Hammond (1991) and Ozkaynak et al (1996);
environments with smokers have found to be containing and increased average indoor
particle level by at least 20 to 30 grams in comparison to environments without
smokers. According to the research conducted by Miller and Nazaroff (2000), there are
only two ways of controlling or reducing the ETS exposures which are either
administrative or technical or even both. Administrative controls include a restricted
environment where smoking is prohibited; it could be in public or private buildings. It
discourages people to generate unhealthy Indoor environments. There are a few
programmes which could help support non-smoking campaigns as well as educate
smokers against the risks of smoking. According to Leaderer et al (1984) and
Moschandreas and Vuilleumier (1999), Technical changes would include increase of
ventilation rates in order to reduce the ETS particulate concentration, as well as a

control particle chamber, filtration segregation and a good ventilation system would
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help in gaining lower particulate rate indoors. All this will help create good indoor air

quality within residential and commercial environments.

v’ Biological

Biological contaminants within an indoor environment are of various kinds such as fungi,
virus, mould, bacteria, mites; insect’s etc. They could be either visible or microscopic in
size due to which it can be quite difficult to see them with naked eye. The sources of
these biological contaminants could be unhealthy living or working environments, pets,
insects, plants as well as human dander, sweat and other waste products. These
contaminants can lead to various ill health effects such as allergy, fever, asthma,
hypersensitivity, irritation, diarrhoea, cancer and various other diseases (Seltzer 1994).
Nevalainen and Morawska (2009) suggest that the susceptibility of diseases can vary
depending on the age, gender, health and nature of a human being. Hygiene,
cleanliness, air filtration, humidifiers can all help in maintaining a good environment
which will not support such microbial organisms and other biological contaminants to

survive in indoor environments.

v' Particulate

Particulate matters are basically tiny solid matters or particles which could be in a liquid
state as well within an indoor environment. These matters could be formed mainly due
to human activities such as construction, smoke from industries, vehicle pollution,
furniture, paints etc. or it could be a result of natural processes within the atmosphere
such as sandstorms, draughts, volcano’s etc. (Behzadi 2011). Particulate matter will
prove harmful to humans only if it exceeds a certain weight, size and amount present
within a given indoor environment. It can range from 2.5 till 10 micrometre size in
diameter (Kleinman 2000). In an experiment conducted by Colome et al (1992), the PMy,
mass concentrations were measure in 10 homes out of which 9 of them had asthmatic
patients in South California. Over 50 % of all outdoor measurements and over 30% of
indoor particulate concentrations exceeded the standards for PM,. In another
experiment by Begum et al (2009), Particulate concentrations were found to be lower in

homes which used LPG (a cleaner fuel), than other biomass fuels. It was also found to be
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lower in households with better ventilation systems and the carbonaceous material was

the major component of the PM.

2.2.1.2 Environmental Factors:

v Air Temperature

Air temperature is defined as the measure of how hot or cold the air is. It is also one of
the most universally used parameters to compute the weather of a particular indoor or
outdoor environment. It basically affects a lot of other conditions such as the rate of
evaporation, relative humidity, wind speed and direction, precipitation patterns and
types, such as whether it will rain, snow, or sleet (FONDRIEST 2013). Air temperature in
an indoor environment is one of many important factors that relates to the comfort of
an individual thermally. When it gets too warm, people tend to feel stuffy and
congested in a particular space. It can also lead to the feeling of nausea and suffocation,
and eventually lower the levels of productivity (Heidorn 1997). An extremely warm
condition can also give rise to out gassing of toxins from furnishings, furniture as well as
finishes. Extremely cold air temperatures alternatively can too add immense discomfort
and ill-health. Outdoor air temperature can also cause to affect the indoors in efficiently
due to which it is important to have an efficient air conditioning and ventilation system,

especially in the U.A.E.

v Velocity

Velocity of air in a given indoor environment is the pressure of flow of air in order to
maintain thermal comfort by appropriate air movement. Indoor air quality is largely
depended on the air movement at a comfortable temperature which differs for office,
home and public indoor atmospheres. A person can feel very stuffy, sweaty and
thermally uncomfortable if adequate air velocity is not provided in an interior. Indoor air
movement patterns are formed by a mixture of various occupant’s activities, the
number of people present indoors as well as the efficiency of the ventilation systems
(EPA 2009a). Very few numbers of studies have been conducted regarding the relation
of velocity to indoor air quality. There have been a few studies on schools and the
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supply of fresh air to classrooms as well as how thermal sensation has a great impact on
the progress and productivity of humans (Magnier et al 2012). Hence it’s very necessary
to have an appropriate ventilation system which provides adequate velocity of fresh air
at the correct temperature requirements and least loss of air to the outdoors (Heidorn
1997).

v' Humidity

Humidity is one of the other major factors to thermal comfort, as if it is not well
monitored, it can cause dry skin, body odour, inflammation dry eyes, sick building
syndrome and many other symptoms which can cause irritation in moods and lower
rates of productivity. Extreme humidity is a condition especially in the U.A.E where the
summers are extremely hot and humid. Extra efforts have been taken to increase the
ventilation systems in the indoor environments which can lower humidity but can
sometimes lead to extreme cold conditions indoors and also cause a great energy loss.
Some indoor environments have set up humidifiers in order for the indoor environment
s to be thermally comfortable and not give rise to mould and bacteria and unhealthy
surroundings (Wolof and Kjaergaard 2007). Increased humidity indoors also causes a
raise in the number of VOC's, particles as well as Ozone. According to Qi and Deng
(2009), the performance of a MIMO (multiple-input and multiple-output) control
strategy which is based on the linearized dynamic model of the experimental DX A/C
system, is capable of effectively maintaining an indoor thermal comfort level by
maintaining a constant level of indoor humidity. It is important to investigate and
understand the contribution of each factor to indoor humidity and to establish an

effective method for the design and control of indoor humidity.

2.2.1.3 Health Impact and Comfort

v' Sick Building Syndrome

Sick Building Syndrome (SBS) is a combination of ailments associated with the living and
working environments of an individual (Wikipedia 2013). Some of the symptoms include
nausea, nose and throat infection, headaches, itchiness and lower levels of energy and
concentration.
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According to the health and safety Executive report in the UK, an approximate of 30-
50% of buildings suffers to SBS, with up to 85% of its occupants suffering from SBS
symptoms. There is a huge problem of SBS in offices and homes which is causing in
lower levels of productivities and many other health complications. Sick Building
syndrome is an indoor environmental concern that has been studied and confirmed by
various kinds of disciplines such as environmental agencies, contractors, policy makers;
medicine as well as many other industries (Redman et al 2011). It can be a factor to

various chemical reactions within a building, Refer to figure 2.1.
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il Gases including radon contains some
saeping through foundaticn 4000 chemicals

Figure 2.1: Indoor Air Pollution Source (U.S.Environmental Protection

Agency 1991)

SBS causes various tribulations ranging from the mere feeling of being uncomfortable to
everlasting diseases of humans. Various Indoor pollutants are a reason for SBS. There
could be other reasons causing ill-health, unease and lethargy such as environmental
sensitivity, levels of hygiene — personal and public as well as smoking and spread of

other gaseous substances in an indoor environment.

v Environmental Sensitivity
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Environmental sensitivity occurs from bad immunities to external and internal factors.
These are immediate reactions of humans when in contact with certain chemical and
biological substances. Certain individuals when exposed to chemical substances or any
harmful VOC’s may not react immediately or even for a long period of time due to their
strong immunity levels, individual who fail to be like that and react immediately when in
contact with VOC’s are less immune and more environmental sensitive to toxic
substances and chemicals present in a given environmental setting. Some people are
allergic to few or more chemical and biological substances, for example: being allergic to
dust, pesticides, perfumes, colognes, scented cleaners, soaps etc.. This sort of
sensitization is a part of environmental sensitivity. There are multiple reactions that
occur in a human body when exposed to certain chemicals, varying also on the levels
and quantities of the chemicals. Some of these reactions also may occur among
structurally related chemicals as well as chemical combinations of certain substances.
There are many other individuals who are sensitive to electromagnetic radiations caused

by cell phones, fax machines, laptops and other electronic devices.

Multiple chemical sensitivity (MSC): is defined as the environmental intolerance of
certain individuals to any sort of exposure to certain chemical substances in the
environment which occurs due hypersensitivity in certain humans. It is yet a
controversial finding, but many links have proven it to be linked to environmentally
sensitive human beings which get affected by low levels of chemicals and cause a

chemical imbalance within the human body.

2.2.1.4 Performance and Productivity

Indoor environmental odours, unease and no thermal comfort could also be an answer
to different levels of hygiene for people living in a particular home or people working
together in a given fixed indoor setting. It is very hard to control others levels of hygiene
and this could cause a lot of unease and bad odour if populace pay less attention to
hygiene and cleanliness. A lot of perfume and cosmetic chemicals can also cause
discomfort for certain other individuals living or working in a similar environment.

Personal hygiene is the first steps to good health and well-being. If taken good care of
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personal hygiene one can prevent the spread of germs and diseases, chemical
sensitivities, exposure to contaminants and chemicals as well prevent themselves from
skin and other forms of allergies. Some of the conditions such as: Head Lice, Dandruff,
Bad Breath, Ear Wax, Body Odour, Perspiration, Urinary Infection, Pinworms as well as
Athletes Foot. All this can greatly influence the levels of productivity whether at work or
at home. Depending on the Layers of clothing a person wears, he or she could thermally
comfortable or uncomfortable. It is extremely important to check on your own sense of
clothing and hygiene before censuring the weather as well the indoor environmental
systems. Research has proved that the quality of Indoor air quality has the largest
influence on the levels of performance and productivity of an individual. Room
temperature, humidity, air velocity, pollution levels as well as fresh air can directly affect
an occupant’s productivity (Lan and Lian 2009). According to Alnaser (2008), a green
building with healthy indoor air quality improves health conditions, reduces the chances

of illness of occupants and increases occupant productivity.

2.2.1.5 Attendance Rates

Research proves that an unhealthy and unclean indoor office environment can make a
person sick and lower his attendance at work. Alnaser (2008), also states that a green
building with clean and efficient indoor air quality can decrease absenteeism by 15%. It
is extremely important for an individual to be thermally comfortable as it can influence
the psychological and behavioural factors of a human immensely (Lin 2009). Rosen and
Richardson (1999) conducted an experiment to check whether the improvement in the
IAQ would reduce the rate of absenteeism due to various sicknesses in day care centres.
The experiment found that an average reduction of 25% of fine particle concentration

reduced the absenteeism from 8.31% to 3.75% in a period of 1 year.

2.2.2 Acoustics

Acoustic comfort in an indoor environment is an equally important factor for
comfortable indoor environments. According to a survey conducted by Huang et al
(2012), indoor environmental satisfaction levels are equally dependent on both

temperature and noise and have equal power over the comfort of an individual in any
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given indoor surrounding. Any excess sound or voices, normally of high intensities which
are undesirable and cause irritation or discomfort by occupants, is considered as noise
pollution. Residential or Commercial indoor environments having poor acoustics will
create difficult environments for humans to live and work in, as a result of which lower
rates of productivity and health are formed. “Acceptable noise levels for outdoor and
indoor as recommended by ISI (1954-1968). A permissible maximum outdoor noise level

for urban residential areas is 35-45 dB.” (Preservearticles 2012)

2.2.2.1 Sources of Indoor Acoustic Pollution:

v' Industries and Traffic

Industries, Traffic (including air, water and road), fire crackers and construction are few
of the major causes to indoor noise pollution, although these are outdoor sources, their
level of noise gets indoors. Industries whether factories, construction, fabrication,
mining, chemical, warehouses and others can create a loud noise pollution which can
lead to disturbance within the neighbouring areas if the buildings are not well
acoustically protected , which majority of the builders or owners do not wish to invest in
as they feel it to be a minor part of an indoor environment. Even a construction or
demolition of a building can raise the noise pollution in a given area leading to
discomfort of residents in the neighbouring area. Traffic or movement of cars, buses,
trains, aircrafts etc.. can lead to increasingly high decibels of sound within an exterior
and interior environment. The other technology which has become increasingly
necessary in this modern age can also be a major source to acoustic discomfort such as

telephones, copy machines, fans, air conditions, audio as well as videos.

v' Natural/Biological

Biological sources of noise pollution are man made noises, be it humans or animals

(including birds and other mammals). Movement of humans, talking, laughing,

screaming can all be of acoustic discomfort to some. According to Miglani (1986), “20 dB
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is whisper, 40 dB is the noise in a quiet office, 60 dB is normal conversation, 80 dB is the

IM

level at which sound becomes physically painfu

v’ Others

Many other sources including agricultural noise, concerts, sirens; from ambulance,
hospitals, schools, military noise, Consumer products, workshops, etc. can peak

intensities above 120 dB and cause acoustic discomfort to humans.

2.2.2.2 Health Impact and Comfort

Noise pollution can cause various types of discomfort to humans; it can cause
emotional, psychological and physiological disturbances which are not so easy to
measure. It reduces the efficiency of an individual. The physiological disturbances vary
from auditory and non-auditory. Auditory could be temporary ear exhaustion or
deafness. Non auditory effects are disturbance, annoyance and body related illnesses
such as blood pressure, hypertension or fatigue. Sound pollution and various
disturbances caused during sleep cause a downfall of mood as well as result in lowered
quality of sleep. It also caused respiratory and cardiac ill effects in low insulated homes
(Tulen et al 1986). According to Vermeer and Passchier (2000), “there is sufficient
scientific evidence that noise exposure can induce hearing impairment, hypertension
and ischemic heart disease, annoyance, sleep disturbance...” He also suggests that other
than just causing hearing damage, exposure to noise pollution also causes a reaction to
the perception of sound which is mostly dependent on the type of noise. All the health
impacts caused by excessive exposure to sound are also dependent on a person’s
sensitivity levels. At sudden elevated sound levels, there is a possibility of mechanical
damage to the outer and the inner ear. Other than heart diseases, congenital defects
and hypertension, there is something called Noise-Induced Stress-Related Health Effects

that is caused due to exposure of noise.
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2.2.2.3 Performance and Productivity

According to Vermeer and Passchier (2000), annoyance, psychosocial well-being, and
psychiatric hospitalization are some of the main results of exposure to noise pollution.
Annoyance out of which is one of the most occurred effect to noise. A lot of research
has also proved that noise induces temporal changes in the cardiovascular system which
can lead to lowering the efficiency of a person at home or office depending on the
environments of high noise exposures. Experiments conducted worldwide have
provided large evidence that uncontrollably loud noises can result in great reduction of
cognitive performance. It also leads to physiological challenges such as vulnerability,
reduced focus and attention as well as reduced hearing of speech and various other
sound signals. Few other studies by Karsdorf et al (1968), held at schools showed that
high exposure to traffic noise showed impairment in school children while performing
cognitive tasks. Also a study at Munich, showed that school children schooling near the
airport were less reciprocate towards reading and comprehension and also had reduced
long term memory (Hygge et al 1996 and Haines et al 1998) , all of which improved

drastically after the closing of the airport.

2.2.2.4 Attendance Rates

According to Epidemiologic studies, when industrial workers are exposed to sound levels
rising above 75-90 dB, the rate of absenteeism increases. It also proved that mortality
rate increases with high exposure to noise (Vermeer and Passchier 2000). Due to the
level of noise pollution as well as their ill health impacts, attendance in offices and other
work places have thoroughly reduced in areas with high decibel levels and high
exposures. This also varies from different types of workplaces. For example an office on
a higher level of a building will have lesser exposure to vehicle and human noise
pollution, whereas an industry or a factory would have increased exposure to the noise
caused within its territory due to the production requirements. High exposures also
affect comfortable sleep, which can further lead to malfunction of humans and their

productivity levels at work and finally also be the cause to absenteeism at work.
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2.2.3 Thermal Comfort

Thermal comfort is a biological, physical and mental state of wellbeing of human
satisfaction in a given environment. It is affected by factors such as temperature,
humidity, air flow (velocity), insulation, ventilation, metabolic rate, clothing and
sensitivity of different individuals. Offices and homes can quite often be extremely hot
or cold affecting the thermal comfort of people living in working in those environments.
Various studies have shown that thermal comfort varies from body to body as even
people from the same family can have different comfort levels in a similar environment.
The Centre for the Built Environment states that, “Current comfort standards specify a
‘comfort zone,” representing the optimal range and combinations of thermal factors (air
temperature, radiant temperature, air velocity, humidity) and personal factors (clothing
and activity level) with which at least 80 percent of the building occupants are expected
to express satisfaction.” This goal is often not achieved by architects, contractors and

designers and not well considered (Godish 2010).

According to Fanger’s studies, thermal dissatisfaction that can be articulated by the
majority of people that are exposed to moderate thermal environments in mechanically
ventilated offices, according to the ISO 7730 standards index which is also known as the
predicted mean vote (PMV) is calculated. The model constitutes what is now known as
the ISO 7730 standard and it predicts the degree of thermal dissatisfaction which can be
expressed by a large group of people exposed to moderate thermal environments in

mechanically ventilated offices.

2.2.3.1 Environmental Factors

v’ Air Temperature

Indoor air temperature is one of the most important factors controlling thermal comfort
and good IAQ. It is mostly controlled by the efficiency of an HVAC system inside a
building. It is not only responsible for thermal comfort but also is an indirect result to
the quality of air, SBS and also has a large impact to the performance and productivity of
humans at homes as well as offices. According to Seppanen et al 2006, the performance
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of office staff is more efficient at 21-22°C, and reduces with higher temperatures of
about 23-24 °C. 22°C is one of the most efficient levels of temperature for offices.
Anything above that causes increase in percentage of reduction in performance. There is
a quantitative correlation between performance, productivity and temperature, which is
also widely dependent on the type of building, type of work as well as type and number
of occupants in a given indoor environment. At instance, higher temperature could be
linked with lower ventilation which may further reduce the productivity and cause
various SBS symptoms and environmental sensitivities within humans. Thermal
sensation is defined as the correlation of humans between the heat exchange and the
environment. It also varies depending on the heat balance of human bodies (Tanabe et

al 1994).

Tanabe et al (1994) conducted a study to measure the non-uniform thermal
environments with a skin surface controlled mannequin. Measurements were done with
local air supple from an under floor air distribution system in a thermally non- uniform
workstation inclusive of heat sources such as computers and task lights which showed
asymmetries in heat sources and airflow. Berglund et al (1990) used a wide amount of
data in order to test the performance in various thermal conditions. He then envisaged
the effective temperature, by using which he analysed the performance of normally
clothed office workers and also related that thermal stress was one of the best
indicators of performance and productivity. On the contrary effects of low temperatures
on performance have been less researched about. Low temperatures have been often
linked to performance of hand related jobs due to the dexterity of limbs that get
affected first with lowering of temperatures. According to Meese et al (1984), the

dexterity of the limbs gets affected with temperatures lowering below 20 — 22 °C.

v Velocity

Thermal Comfort is highly dependent firstly on the Temperature of the wind and
secondly on the velocity with which the wind is approaching us. Velocity is nothing other
than the speed at which the air moves across. Airflow in different directions can also
cause variations in the thermal comfort in a set location. It reduces the pressure of wind

in one direction, hence causing a state of being thermally uncomfortable. A number of
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factors can affect the velocity of external air in a building, such as position and
orientation of building, windows sizes, interior partition, and effects of balcony and roof
shape (Prianto and Depecker 2001). Maximum air speed in a building can keep it cool

and well ventilated in hot and humid climatic conditions.

v' Humidity

Humidity is the vaporized water in the atmosphere while it gets heated. It also evaluates
the concentration of water in the air. Relative humidity is nothing but the percentage of
humidity. Humidity on an average in between 40% to 70% does not have a significant
effect on thermal comfort, but anything beyond that can affect the comfort levels of
individuals (Levin 1995). Humidity also differs and varies in different indoor
environments. A manufacturing room may have high humidity levels due to high
emissions, where as a hotel lobby may have lower levels of humidity and remains
cooler. Whenever the humidity of indoor air rises, the evaporation of water from the
body surface reduces and eventually the sweat increases (HSE 2010). One of the main
means of heat loss for individuals is by the evaporation of water from the body surface
which does not happen at higher humidity levels and often makes it uncomfortable for
the residing and working occupants. This also affects the performance and productivity

of individuals. (Schneider 2002)

v' Others

There are several other factors affecting the thermal comfort in a given indoor
environment such as the availability of indoor and/or outdoor cooling/heating. The age,
gender, background, mental and physical stress levels and clothing, odour levels, type of
milieu and many others are factors which can vary the level of thermal comfort amongst
individuals in a given set indoor environment (EPA 2009b). Thermal comfort can be
accounted for 70% of the population. Not every individual can feel the same way and

not the most thermally comfortable settings can prove equally comfy for all natives.
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2.2.3.2 Health Impact and Comfort

A thermally uncomfortable indoor setting can give rise to indoor pollution, due to
humidity, odour, and perspiration of human beings as well as poor ventilation and
excretion of polluted air. Good ventilation is an important factor to thermal comfort as
well as health and comfort. It helps in removal of toxic air and pollution form an indoor
environment, resulting in the flow of fresh and healthy living and working conditions
(Lee et al 1996). Humans today have a far lower tolerance to outdoor pollutants than
previous eras as now people are used to living and working more in the indoor
environments than being outdoors. Medical technologies have advanced and this is
consenting physically weaker people to cope better in the antagonistic world. All these
advances lead to extreme environmental sensitivity, making it even more difficult for

individuals to adapt to even the low levels of environmental contaminants (Lee et al

1996), which can occur at uncomfortable thermal conditions.
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Figure 2.2: The pathways for toxic agents in the human body. (Source: Lee 1996)

Toxins can enter the body in 3 ways:
e Inhalation;
e Skin absorption; and

e Ingestion.
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According to WHO (1946): the definition of human health is: “Health is a state of
complete physical, mental and social well-being, not merely the absence of disease or
infirmity.” Hussein and Rahman (2009), state that mental and psychological well-being is
very crucial to human health and comfort and mind is one of the most powerful tools to
determine or perceive thermal comfort. Human health and comfort is dependent on

numerous variables as stated above.

2.2.3.3 Performance and Productivity

If a given indoor setting is thermally uncomfortable an individual’s physical activity
suffers. The average comfort body skin temperature is around 33 ° C; any fluctuations of
1+1.5 °C might not lead to thermal discomfort. Any fluctuations beyond that can cause
variable levels of discomfort which may not cause an instant physical or medical
condition, but can have serious effects on temper, moods, self-esteem, exertion and
exhaustion as well as reduced levels of productivity (New Zealand Department of Labour
2007). It is very crucial to maintain a stable and comfortable thermal setting in a given
environment, or else it may create tense and pressured conditions which negatively
influences the performance and productivity of an in individual (CCOHS 2011). There are
also a lot of personal and environmental factors such as depending on the activity level,
clothing, and other physical and thermal parameters, individuals acceptance to thermal
comfort varies. An adequate equilibrium to all of these conditions may help in achieving

the best thermally acceptable indoor environment.

2.2.3.4 Attendance Rates

According to a research held by Shendell et al (2004), there was a link between the
attendance rate and the thermal comfort in schools. In some of the classrooms where
the ventilation rate was less, accumulation of VOC’s occurred and their absenteeism
rate increases by 10 — 20 percent. Hathaway et al (1992) proved that a thermally
comfortable indoor environment can majorly help in the reduction of absenteeism by
almost 35% in buildings. He also found that people working in green buildings had not

been absent for more than an average of 3 days per year. Another study by Issa et al
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(2011) showed that the absenteeism rates decreased by 2-7.5% and students

performance increased by 2.5-17.5% in green schools.

2.2.4 Visual Comfort

Visual comfort is the sense of satisfaction of the mind with the visual surroundings.
Visual comfort is defined by two things; one of them being the amount of light present
in an environment to see the surrounding and the other is the elimination of disturbing
effects of lighting like over illumination, glare or unbalanced luminance. Daylight and
Electrical lighting are the two main sources to visual comfort in indoor settings. The
controlled factor for attaining visual comfort has been the illuminance level of light,
measured in Lux. Huang et al (2011) stated that overall above 300 Lux illumination
intensity, people were more satisfied with the visual comfort of the indoor environment.
Lower levels of illumination, especially in offices made it harder for the occupants to
read, write, or work and concentration levels dropped. Very high illumination intensity
would also create visual discomfort. Another research study proved that in working
environments the most comfortable illumination intensity range was between 1500 to
3000 Lux. Huang et al (2011) also confirmed in his study, that the higher the level of

illumination was the higher satisfaction levels of individuals in terms of visual comfort.

Monitored Energy Performance for Controlled Daylight and Visual Comfort is one of the
ways to achieve a visually comfortable indoor environment. Wienold (2007) says that
there are ways to protect a building from glare as well as massive solar loads such as
movable shading devices, blinds, controlled lighting, which not helps the building from
high irradiation but also helps in saving energy. According to Ncube and Riffat (2012), a
visually comfortable indoor environment has the illuminance levels, illumination
uniformity, color characteristics, day lighting, and equal distribution of light, glare and
flicker rates as well as proper room surface reflectance in relation and in right balance

for a particular task.
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2.2.4.1 Factors Affecting Visual Comfort

v’ Day lighting

Day lighting in an indoor environment is the amount of natural (solar) light that enter
the Indoors through, windows, doors and other means. Most of the times it provides
sufficient illumination during day time, hence artificial lighting is utilized least. Heschong
(2002) affirmed that the appropriate use of day lighting using techniques could prove
quite useful to visual comfort as well as energy saving strategies. She also stated that
day lighting has potential benefits to health and productivity. Measurement to various
schools using different amount of day lighting, showed that those with most window
areas (day lighting) showed higher scores of students in academics of an average
increase from 7% to 18% than the ones with least day lighting. Students in classrooms
with the most window area or day lighting were found to have 7% to 18% higher scores
on the standardized tests than those with the least window area or day lighting. The
visual comfort was brought about by improved visibility due to higher illumination levels
through day lighting, which also proved more supportive to the mental stimulation and

better mood and behaviours.

v’ Illuminance levels (lux)

According to Saade and Ramadan (2008) the illuminance level (lux) is the main
parameter in order to achieve visual comfort. The levels although completely depend on
the type of activity in a particular indoor setting. On an average the preferred levels vary
between 300 and 1000 lux for residential indoor environments (Kolokotsa et al 2001).
According to The CIBSE Code for Interior Lighting by Baker (1994), specific amount of
illumination levels should be at least 500 lux, and color rendering should be on an
average from 60 to 80 lux. Luminance distribution is yet another important factor to

achieve visual comfort.
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v’ Glare

Glare is when human eye finds a lot of discomfort in viewing anything due to the
presence of bright light. Veitch and Newsham (1996) have “proposed that lighting
quality exists when the luminous conditions support the behavioural needs of
individuals in the lit space.” Glare can be one of the sole causes to discomfort including
VCP. The ideal balance between lux levels and equal distribution of luminance can
prevent glare to arise. According to a research by Vietch et al (1996), the overall quality
of visual comfort and lighting was inversely related to the brightness caused my
reflected images. So if the reflected image in a VDT screen was brighter, the rating of the
lighting quality would become lower. Glare would eventually be an after effect of which,
thus cause great visual discomfort. Glare created due to the sun, can be reduced by
either creating manual or automatic blinds to block the excessive sun rays or by blocking

it completely from the external lighting and by just making use of artificial lights.

2.2.4.2 Health Impact and Comfort

Visual discomfort can create a major impact in damaging the eyesight and or even
creating blindness. Perry et al (1987), assumes that non uniform luminance distributions
can cause a gloomy environment result in stress and or even depression if there is a shift
from cone- to rod-based retinal processing. Efficient lighting and visual comfort can be

both; energy efficient as well helps in achieving high quality levels of human well-being.

2.2.4.3 Performance and Productivity

Evans (1984) detected that by the individuals control over lighting in an indoor
environment can reduce the stress levels of workers and also affect positively towards
the performance and health of the inhabitants. However if a good lighting design is
worked out in offices and homes, it is not necessary to provide to every given
individual’s need independently. It was also examined that different lighting types and
levels need to be delivered for different type of living and Working environments. It also
needs to be catered according to the different cultural and psychological requirements.
A survey conducted by Veitch (2001), showed that task performance can be increased
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by the provision of uniformed and personalized task lighting with appropriate levels of

lighting according to the requirements.

2.2.4.4 Attendance Rates

A study had been conducted by Juslén (2006), on the visual comfort of a Dutch food
manufacturing company. The illumination levels of the indoor environment were
approximately 300 Lux. After a few weeks additional local lighting of 500 to 1000 lux was
added on a weekly basis. The rate of absenteeism tested during before the addition of
illumination levels and after was noted. It showed that after the addition of illumination
(lux) levels to the work place, the absenteeism had reduced by more than 17%. And the
productivity had increased by 3%. A good lighting design could help lower absenteeism

and increase turnover (Veitch 2001).

2.3 Perception of Indoor Environmental Comfort (Limit of

Acceptability)

v" Physiological and Psychological Aspects

Studies state that Physiological comfort is the ability for an individual to physiologically
adapt. The metabolic adjustment or systemic response of an individual to the
environmental stimulus in order for them to cope with a changing environment such as
varied thermal (air, temperature, humidity), visual (lighting, color balance and eye
comfort), acoustic comfort (sound) is also known as the physiological adaptation.
According to Dear and Brager (1998), Physiological adaptation is a combination of
genetic adaptation (intergenerational) as well as acclimatization (within the lifetime of
an individual). For example the thermal requirements and preferences of an individual

can be altered by a past thermal history.

Psychological comfort is in fact the mental satisfaction of individual to given indoor
environmental conditions. It is also a combinational result of genetic adaptation
(intergenerational) as well as acclimatization (within the lifetime of an individual). It can

also be altered owing to past experiences as well as expectations (Dear and Brager
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1998). A thermally, visually and acoustically comfort setting for one individual may not
be the definite for another due to the difference in the physiological and psychological
adaptations of individuals. Psychological adaptation is the perception of the sensory
organs in relation to past experiences as well as bodily expectations. According to Glaser
(1966) and Frisancho (1981), “Relaxation of expectations can be likened to the notion of
habituation in psychophysics where repeated exposure to a stimulus diminishes the
magnitude of the evoked response.” Glaser (1966) and Frisancho (1981) also state that
“Relaxation of expectations can be likened to the notion of habituation in
psychophysics, where repeated exposure to a stimulus diminishes the magnitude of the
evoked response.” 100% satisfaction and Indoor environmental comfort happens
through appropriate adaptation of an individual’s senses and physical state to the
indoor climatic environment. There is no general adaptation of all humans as it
completely depends on an organism’s behavioural, physiological and psychological

response to repeated environmental simulation (Clark and Edholm 1985).

v’ Sociological Aspects

Sociological Aspects of a human being area a mere combination if various factors
affecting an individual’s personality and lifestyle including family, neighbourhood,
political issues, stress, pressure, exposure to disasters, work and home environment,
influence by friends, religion and thoughts and beliefs and many others. An individual
faces this on an everyday basis which creates some impact over their health, perception
as well as productivity. Krieger et al (2002) found that few tenants did not complain
about their indoor environmental quality due to the fear of the landlords and the fear of
losing their homes in a competitive housing market in Seattle. An experiment by Lan and
Lian (2009) showed that temperature difference had played a role on tension and anger
emotions which lead to disturbance of mood and affected productivity levels, thus
proving that any symptom of stress and discomfort can lower the health, comfort and

productivity of an individual.
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v Economical Aspects

Lower incomes, financial debts, and large family dependence can add a huge amount of
stress and load over an individual. This tension can lead to a variation in the perception
of an Indoor Environment and also lower the health and comfort of an individual in a set
indoor environ. Poor countries like India and Africa, have also found to be having large
populations suffering from diseases due to bad quality housings and inadequacy of clean

and clear water and air.

2.3.1 Factors affecting physiological and psychological comfort:

v' Demographic Nature of Inhabitants (Age, Gender and Origin)

Indoor Environmental comfort is affected by a number of variables such as age, gender,
origin, the rate of metabolism of an individual, activity levels as well as food and health.
Due to the fact that none of these factors are the exact same for all inhabitants,
different individuals will have different expectance of levels of indoor comfort. Wyon et
al (1972) states that although the comfort preferences of different genders does not
vary widely, some differences may occur due to the fact that women are more sensitive
to temperature differences than men. Also different age group of people and various
differences in the type of built of inhabitants have different sweat secretion rate’s and
eventually prefer different thermal conditions indoors (Frisancho 1981). Skin color is one
of the other factors which is basically obtained by the origin of a person and decides
their skin color due to the temperature difference. When an individual is exposed to
solar radiation, the darker skin absorbs more heat thus causing the individual to have a

high skin and ambient body temperature (Ji 2006).

v’ Behavioural adaptation

Behavioural adaptation is the conscious or unconscious acceptance of comfort of an
individual in a given indoor environment. It is actually dependent in the thermal
resistance of clothing, metabolic rate, air velocity as well as the activity levels of

individuals (Ji 2006). Fanger (1970) conducted a survey to examine the effect of clothing
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on comfort levels and found behavioural differences in individuals as well as differences
in expectations on thermal comfort levels. Clothing insulation is normally determined of
its clo value. The clo value is a mathematical illustration of a combination of clothing’s
thermal resistance. 1 clo = 0.88 ft2_hr_°F/Btu. Nicol and Raja (1996) found that clothing
changes were made more in relation to the outdoor temperatures than indoors which
caused disappointment in the indoor thermal comfort levels. Research by Benton and
Brager (1994), found maximum thermal comfort was achieved when necessary clothing
adjustments had been done by individuals. Thus it proves the maximum dependence of

comfort on behavioural adjustments rather than habituation.

v" Physical and Mental Health Levels

Metabolic rate is an important factor in determining the expectation of thermal
comfort. The rate at which the body loses heat is the metabolic rate which is also
dependent on the activity level as well as the physical fitness and health of an individual
(Dear and Brager 1998). In general an extremely active person generates up to six times
more heat than a laid back person. The mental states of a person such as depression,
anger, aggression as well as hormonal changes can stimuli the effect of perception of

comfort levels be it thermally, acoustically, visually or physiologically.

v’ Sociological Factors

There are various sociological factors that can widely affect human behaviour which in
turn can affect the way people perceive the indoor environmental comfort, such as
Religion, Ethnicity, Family, Economic Status, Education, Locality, Life Partner and

Children, and Political Systems (Wohlwill 1975).

2.3.2 Performance and Productivity

Physiological and psychological discomfort due to mental or physical factors can cause
variations in the internal body temperature and cause thermal discomfort, leading to
sweaty, irritable conditions and eventually causing psychological stress (Fanger 1982).

All of these cause lower rates of performance and productivity. Research states that the
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feeling of discomfort is based on the network of appropriate functioning of the sense
organs such as the eyes (visual comfort), ears (acoustic comfort), nose (odour), tactile
sensors( mental and physical well-being), heat sensors ( thermal comfort), and brain.
Environmental conditions play a major role in affecting the productivity of individuals in
an indoor setting. Only when an individual is comfortable physiologically and

psychologically the mind gets alert hence the body then functions at highest efficiency.

2.3.3 Attendance Rates

Due to the reduction in the ability to perform mental and physical task in an indoor
environment, the rates of absenteeism at offices, schools as well as other organizational
environments have increased and been associated with physiological and psychological

discomfort faced by various individuals (Muddari 2010).

2.4 Energy Consumption, Green buildings & Ratings

Due to an excessive heat gain environment such as Dubai, it is quite a necessity to be
having large energy requirements to provide cooling facilities and comfort in indoor
environments. According to survey in the past 5 years, glass has become one of the main
elements for glazing on building facade’s to protect from over glazing and excessive
solar heat gain in indoor environments. Inadequate response to indoor environmental
comfort has caused in huge rates if energy consumptions as well as lower levels of
performance and productivity causing negative health effects. A green building generally
includes a few indicators for sustainable building design such as: use of renewable
energy, minimal use of fossil fuels in embodied energy of the materials, construction
and transport of the building, reuse and recycle of materials, reduction of CO2 emissions
and prevention of Indoor air pollution. The other advantages of green buildings include
adequate day lighting, Indoors free from VOC’s and Sick Building Syndrome’s, lower
energy and water consumptions, long Life cycle, as well as low absenteeism and high
productivity levels (Alnaser 2008). In countries like UAE, where there is enormous heat,
the populace spends 90% of their time indoors, due to which there is a high necessity to
provide green, sustainable buildings with healthier and energy efficient indoor
environments reducing the operational costs by a large number (Alnaser 2008).
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2.5 Knowledge Gap

All the research accomplished on Indoor Environmental Quality shows us that good
Indoor environments are a combination of not only healthy, hygienic and well-designed
homes and offices but also a psychological and physiological state of mental and
physical satisfaction with one’s indoor environment. Ample research has been done on
factors affecting Indoor environments such as IAQ, Thermal comfort, Visual comfort and
Acoustic comfort, their causes and effects, but very little research has been conducted
over the demographic factors ( which are a major cause to the limits of acceptability to
indoor environs) that can cause a variation in the perception of Health, Comfort &
Productivity in Homes and Offices in the U.A.E especially where construction and traffic
are at their peaks causing more pollution and damage to human health, well-being and
comfort. Demographic factors can play a major role over the perception of an Indoor
environment as physiological and psychological states can have a major impact over the
perception of indoor environments in homes and offices. For Example a 20 year old
female and a 75 year old male can perceive one set indoor environment differently,
accounting to their age, medical history as well as gender. This needs to be understood
by surveying various genders, age types as well as origins and understanding how
demographics can affect the acceptability and comfort levels in homes and offices.
Literature review has not shown us any such type of study in the United Arab Emirates

where majority of the residents spend most of their time indoors.

2.6 Research Question

v" How does the IEQ in U.A.E. (mainly in the region of Dubai) affect building
occupants’ perception to health, comfort and productivity?

v How do Demographics (Gender, Age and Ethnicity/Origin) of an Individual
impact the perception on Indoor Environmental conditions in the U.A.E?

v' Is there a degree of difference in the Indoor Environmental conditions in

Residential and Office buildings?
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v What is the responsible for the cause of ill-health implications for UAE
residents, weather it is the indoor environmental conditions OR the nature of

occupation OR the current level of wellbeing conditions of individuals?

2.7 Objectives

After understanding the various physical causes to poor Indoor environments, it is
incredibly important for sustainability development to focus over the Health, Comfort
and productivity of individuals by firstly understanding the causes of human perception

over the Indoor living and working conditions.

v" To examine the building occupants perception of indoor environments over
health, comfort and productivity in Dubai.

v" To examine the perception of the UAE resident’s residential and working indoor
environmental conditions and their impacts on health, comfort and levels of
efficiency by means of subjective analysis (survey study).

v" To examine the impact of gender and ethnicity over the perception of the
Indoor Environmental Quality of UAE residents.

v" To eventually examine the cause of ill-health implications for UAE residents,
weather it is the indoor environmental conditions OR the nature of occupation

OR the current level of wellbeing conditions of individuals that are responsible.
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CHAPTER 3

METHODOLOGY



3.1 Introduction

This research has reviewed papers approaching all the various methods and
philosophies; and the purpose of literature review was finally being able to reach a point
to be able to select and rationalize the most accurate and compliant method and
process, in order to absolute our research and analysis of indoor environmental quality
in Dubai. Life cycle assessment of a few homes and offices is also studied for knowledge
expansion in previous researches. Various researchers and specialists who have
conducted various studies in this topic were distilled, including their findings and guided
methods and tools for further analysis and research. The ultimate goal was to conclude
and tie up the paramount method/methods in this particular research to bring about
better results and answers to the reasons of bad/good indoor environmental quality in
offices as well homes in different areas in the region of Dubai. Literature review has
been conducted in order to review the factors necessary to be explored. More than a
hundred papers have been carefully examined in regards to Indoor Environmental
Quality. There are various methods used in the massive amount of papers assessed in
the literature review section of the study. The main methods that have been used in

order to evaluate an indoor environmental quality are:

Experimental
Computer Simulation

Literature review/ Research study and Observational

SR NN

Subjective and Perceptive Evaluation (Survey)

This Research focuses on the observation of the inhabitants of U.A.E, mainly Dubai on
how they perceive the indoor environmental quality at homes and offices. The main aim
of this review is to examine the efficiency of Indoor environments in terms of
comfortable healthy living and working conditions, along with 1AQ, thermal, acoustic,
visual and physiological Indoor environmental comfort. This research will focus on how
effective indoor designs have been in Dubai. It has become a necessity to investigate the
performance of commercial and residential buildings in the UAE to establish the users’

perception of indoor environmental factors as well as satisfaction levels.
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This paper aims at doing exactly that by focusing on a survey which has questions
relating to the occupants’ perception overall in regards to their demographics and
building type (Residential or Commercial). Measurements will most likely provide
insights into the thermal comfort but the performance is mainly described from the
user’s point of view in order for it to be sustainable for long term. The methodology of
this study is consequential to careful scrutinization of various research papers on Indoor
Environmental Quality throughout the world and in the U.A.E. This research is a
sequence of Literature review followed by Subjective Evaluation and Analysis of the
perception of indoor environments by a number of occupants living and working in

Dubai.

3.2 Dubai : Location, Current Climate, Predicted Climate and Energy

Profile

Dubai is located between 22.0° and 26.5° N and between 51° and 56.5° E (UNFCCC,
2006) and has a rough area of 4,114 square kilometres. It is a Middle Eastern country
located in the Arabian Peninsula with extremely hot and humid desserts and consists of
two seasons. Summers are usually high temperatures from May to September rising up
to 49°C and more in the vast deserts and June, July are considered the hottest months of
the year. Winters are moderately cooler from December to March going up to 6°C and
December and January are the coolest months of the year. The humidity levels can be
anywhere from 45% to 65% in the coastal areas. The wind speeds are an average of
around 6km/hr. at the earth levels above 2meters (UAE MOEW, 2010).This survey had

been conducted mostly in the months of April =June (Summer Season).

Due to the rapid urbanization, U.A.E is one of the leading countries in terms of growth
and Urban and economic development. Dubai is one of the world’s leading construction
industries with majority of new projects being planned since early 1990’s. It resides a
population of around 4,975,000 with an average of 40,200 dollars GDP per capita (CIA,
2011). All of this has had an adverse effect on the increased emission of greenhouse
gases, atmospheric pollution as well as changes in climatic conditions on the
ecosystems. It has also led to indoor environmental pollution unhealthy and

unsustainable indoor systems and large energy requirements. The hasty advancement
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has caused the construction of low cost and high profit gaining buildings in order to
achieve more by giving less, which has in turn lowered the comfort levels of buildings
and increases energy consumptions. Hence arises, the need to evaluate the subjective

perception of the inhabitants living and working indoor environments.

3.3 Selection and Justification of Method Chosen

The main aim of this survey methodology is to present the level of user satisfaction and
the results acquired for the degradation degree of each epitome glitch as well as the
level of performance of each building type in regards to the functionality and
demography. This study documents and considers various aspects to the performance
and productivity of the building environment keeping the users and occupants
viewpoints as the most important study. Sustainability is not only resource conservation
but also an increase in the productivity and occupant well-being in an indoor
environment. This study hopes to provide exceptional insight for the Design and
Construction fields to design as per performance and requirements and not as per

design and cost only.

After understanding the main criteria and objectives of this research, Survey Method
has been selected to achieve its aims and results. The choice was made by comparing
previous literature review of studies done and hence by determining the importance of
the perception of an Indoor Environment by the Occupants Solely. Very little research
has been conducted in Dubai in terms of Subjective evaluation of Indoor Environments.
Survey method used here is not an automated response done over the internet, but a
personal visit was headed for many homes and offices has been done in this research in
order to get clearer results of the perception of indoor areas by their occupants at that
given point in time. Surveys could have been done over the internet, but the results
could have varied there due the fact that occupants of office and home environments
may or may not have been present in the given environments at that point in time and
could have filled in the surveys being either in other set of environments or even by
being abroad. The immediate perception of the questions given in the survey would
have varied due to various circumstances. Hence it was made sure that surveys were

personally handed to the occupants to get higher efficiency and accuracy of results.
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Very few small scale surveys have been done in Dubai to analyse the Indoor
Environmental Quality. Hence the decision of a wide scale survey method for
commercial and residential environments in Dubai was made. Analysis and Results are
discussed in the following chapter. The survey is an essential mode to evaluate current
Interior design and construction practices in the U.A.E. It talks directly about the current
experiences of inhabitants; of their indoor environments as well their challenges faced

in their daily comfort and work zones.

Subjective measurements yields have proven statistics and accurate data to the
subjective measurements and hence such evaluations are widely used in qualitative as
well as quantitative analysis of a matter. This fulfils the needs of clear identification of
various parameters in reference to the research objectives. Easy and clear

interpretations as well as comparisons can also be made after getting the results.

Over all, this research provides significant impact in order to make change in terms of
building construction and interior selection and design. It gives lessons and feedbacks to
owners, designers, contractors as well as architects in order for future improvement in
terms of sustainability and suitability. It will lead to better quality of living and working
in indoor environments and also will address to the varying needs of occupants, by
providing opportunities for development of varied stages in the field of design and
construction. The questionnaire designed could be used for many more future studies as
well as act as a useful management tool for commissioning of targeted sustainable

construction in the U.A.E

3.4 Framework of Research and Preliminary Work

Initial Research was aimed at the literature review which was conducted for the review
of the study on the Indoor Environmental Quality throughout various parts of the world.
It was focused on various types of methodologies such as simulation, interviews,
observational, mathematical calculations and surveys. Previous research papers have
examined the issue of indoor comfort by focusing on the measurements of thermal
comfort only. This meant lower satisfaction levels to the visual, acoustic, psychological

and physiological aspects of an indoor environment. Some papers analysed factors
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influencing the comfort of an indoor setting. There has been very less research done for
the subjective evaluation of IEQ. No review has been carried out on how the occupants
have perceived their indoor environments in the U.A.E. The current literature review

and survey was executed in order to congregate more information on this topic

This dissertation is focused on the Indoor Environment of Living (Residential) and
Working (Commercial) conditions of people in Dubai (U.A.E), as majority of time spent
by the people here is Indoors. Hence our paper focuses on the subjective evaluation
(Survey) of the perception of indoor environments by the people and for the people.
The commercial and residential buildings that were surveyed within Dubai had covered
major areas of the city such as Deira, Sheikh Zayed Road, Jumeirah, Al-Qusais as well as

Jebel Ali.

3.4.1 Subjective Study (Occupancy Survey) : The Questionnaire

This research is based on the assessment of occupants reviews of internal environments
based on their responses to the Questionnaire relating to a wide range of distinct
factors. The survey consists of demographic information of the participants, their
current environmental conditions, health complaints as well as their overall levels of
satisfaction in their respective office and home environments. The questionnaire aims to
gain responses to each of these in terms of “user satisfaction” and “Degree of health
complaints”. It also checked with existing indoor environmental pollution, type of
building, number of occupants as well as other obtainable mental and physical
complaints. Survey questions also aimed at assessing the IAQ and thermal comfort of
indoor environments. Some of the questions were adapted from the ‘ASHRAE 55-2004’
and ‘Base Indoor Environmental Quality Survey’ by EPA. Few were modified according to
the requirement of the aims and objectives of this research paper and to gain further

knowledge and to be able to answer the research questions.

The questionnaire was of two types: Residential and commercial, each being two pages.
Each type consisted of three sections. Although the residential and commercial surveys
were similar in nature yet they focused separately on the different living and working

indoor comfort and health conditions. In order to ease the questionnaire levels, most of
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the questions were provided with choices. The three sections comprised of:
demographics of the users (e.g.: age, gender, nationality), current environmental
conditions (e.g.: type of building, no. of occupants, type of air conditioning, lighting etc.),
their health complaints (e.g.: lethargy, headaches, sinus, allergies etc.) and the levels of
satisfaction (in terms of IAQ, Noise, lighting and Thermal comfort) of the indoor

environment. Refer to Appendix A & B for the survey samples.

This combination of intense literature review and survey techniques helped to review
the physical and personal variables such as IAQ, thermal, acoustic, lighting, activity and
clothing levels. The basic principle methodology for the survey was to directly get them
done at the given indoor environment; be it residential or commercial in order to attain
a higher level of accuracy to results. From this perspective, there can be an established
connection of indoor environments to the demographics, health, physiological and
psychological conditions of the occupants in order to translate them later into proposals
which can generate enhanced designs of comfortable indoor environments in Dubai.
This subjective data has been collected in the months of April, May and June 2012 in

Dubai.

3.4.2 Offices and Homes; Date collection, Expected Outcomes & Sample

Characterization

The sampling process is usually divided into five stages according to Diamantopoulos
and Schlegelmilch (2002). It firstly aims at determining the sample population, sampling
frame, Method of Sampling, the sample size and eventually the sample selection. The
desire to extract genuine responses and the need to minimize the time of the survey to
avoid withdrawal of the respondent confined the scope of the study to short surveys

and manual distributions.
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This survey study includes the following:

v Sample size (Population)

A sample size of 1000 people has been decided by the supervisor and | in order to get a
wider picture and a greater perception of multiple occupants and their reviews. This size
was decided in order to gain the perception of a wide number of users, male and
females, from various backgrounds and cultures who are residing in the UAE. It aims to
understand how various age groups and originalities perceive the Indoor Environments
at homes and offices within Dubai as a region of U.A.E. 500 surveys had been done in
office environments and 500 in residential buildings. This was decided due to limited

amount of time and resources available.

v’ Survey response rate

A high response rate is a very important observation and it is not just an important
necessity of a survey but also is important for the measure which determines a high
quality survey (Hox and Deleeuw 1994). A high response rate echoes a non-biased
analysis. Due to the lower response rate via email and internet based survey; a self-hand
set survey had been conducted to achieve a higher response rate. Few other discussions
had been studied to achieve this too. The overall aim was, to surge response rate, which

in turn, reduces probable non-response bias.

v' Sample Frame

The frame of the sample was divided in three major sections: Demographic Information,
Environmental Conditions and Health Complaints. These three sections included almost
all the reasons and causes for an Indoor environment to be as it was. It could be due to
the user’s age, gender, culture, or their current health conditions or even the indoor
environmental design and completion. It was a must to include these sections in order
to dig into the root cause of bad indoor environmental quality. Demographic questions
were asked to understand the current socio-cultural, age and gender of the occupants

and to check whether it had an impact on their perception of Indoor Environments.
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Environmental conditions section contained questions regarding current state of living

and working conditions such as number of occupants, number of rooms, type of

building, ventilation, usage of electronics and telecommunications as well as levels of

satisfaction in terms of lighting, acoustics, IAQ and thermal comfort. Health Condition

section checked the current health levels of individuals and whether that was the reason

to perceiving lower efficiency of Indoor environments. All three sections are as shown in

Figure 3.1.

Residential Indoor Environmental Surveyl Date/Time:

Residential Indoor Environmental Survey | Date/Time:

2.13 Does the kitchen area consist of an exhaust?

ves () no ()

2.12 Please rate the level of satisfaction in your home, in the past 1-4 weeks;

Highly dissatisfied Neutral Highly satisfied
-3 -2 -1 0 +1 +2 +3
Noise
Humidity
Lighting
Indoor Air Quality
Thermal Comfort

3. Health Complaints

3.1 Please indicate your experience of the following symptoms at home during the past month:

Headache Everyday (] 23timesweekly (] Never (]
Lethargy Everyday () 2-3timesweekly ] Never (]
Drowsiness Everyday (] 2-3timesweekly ()  Never (]
Dizziness Everyday () 2-3timesweekly () Never (]
Nausea/vomiting Everyday (] 2-3timesweekly (] Never (]
Shortness of breath Everyday D 2-3 times weekly D Never D
Stuffy nose Everyday (] 23timesweekly (] Never ()
Dry Throat Everyday (] 2-3timesweekly (]  Never (]
Skin rash/itchiness Everyday (] 2-3timesweekly (]  Never ()
Eye irritation Everyday () 2-3timesweekly () Never (]

3.2 No. of days in the past one month that you had to take off work because of these complaints?

3.3 When do these occur? O an [ Nonoticeable trend ()

34 Whesido you experience relief from these complaints?
After | leave my home (] After | enter my home O Never ()

3.5 Please Indicate if you have any of these medical conditions:

Asthma? Yes, on medication (] Yes, not on medication O No()
Allergy? Yes, on medication (]  Yes, not on medication O No(J)
Sinus? Yes, on medication (_)  Yes, not on medication () No(]
Migraine? Yes, on medication [ Yes, not on medication ) No()
Any Other?

3.6 What do you think is affecting your productivity at home?
Environmental Conditions () Work Stress ()

1. Demographic Information

1.1 Sex

Male() Female ]

12 Age
2030 3140() 4150 ) s51-60() 61-70() 7180 )

1.3 Country Of Origin

Asian()  American(_)  European( )  Arab((]  African )

14 Length of stay in UAE:

2. Environmental Conditions
2.1 Number of people residing with you?

2.2 Type of residential building:
villa () Apartment () Hotel Apartment ()

2.3 No. of Rooms in your residential building

stdio( ] 18R() 28R() 38R() 48r(D) ser+(J

2.4 How is your area Air-Conditioned?
Window Unit () split unit () Central Unit ()

2.5 How many hours is the Air-conditioner operational in your house?

2.6 What is the main type of lighting in your home?
Fluorescent Lighting () Non Fluorescent Lighting )

2.7 Plesse Indicate W you sit mostly néer the followlng efilpment at home:
Computer/Laptop Everyday () 2-3timesweekly (]  Never (]

Printers Everyday (] 2-3timesweekly (]  Never O
Television Everyday D 2-3 times weekly D Never D
Telephones/Fax Everyday (7]  23times weekly (7] Never [

2.8 Do you have to put on extra clothing for comfort?

Regularly (] Sometimes () Never (]

2.10 Do you have smoking members in the family? YES [:] NO [:]
If YES, do they smoke indoors ves (J No (3

2.11 No. of hours spent per day at your home?

2.12 Isyour Kitchen: Open () OR Closed ()

Figure 3.1: Two paged Residential Indoor Environmental Survey
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v' Survey Format

The survey contains easy and straightforward questions which are mainly either multiple
choice or one word answers. It also includes multiple choice answers to easy the level of
answering. It tries to cover majority of the causes and issues relating to comfortable
indoor settings in offices and homes. Refer to Figure 3.1 for the sample of a survey

questions.

v' Sample Selection

Initial task of sample selection was hard due to the nature of the survey, which was a
personal hand held survey and not a computer based online survey. The task took three
long months to complete and the survey was done widely in offices in sheikh Zayed road
and Deira. Various kinds of office buildings were visited and averages of eight to ten
surveys were collected from each office type. A minimum of four offices were surveyed
from a building. A long and extensive survey was done similarly for residential buildings
by surveying a large number of family and friends in the neighbourhood (Jumeirah)
firstly and then from a number of other residential areas such as Deira, Sheikh Zayed,

Jebel Ali etc..

v Study Area and Distribution

The study area was Dubai in general and distribution of the survey was done self as well
as by attaining a little help from fellow friends, family and colleagues. Most types of
buildings such as apartments, villas, hotels, and hostels had been covered, majority of
which were rented and not privatized. The survey questionnaires were handed to all
possible occupants in homes and offices, regardless of age, gender, nationality and
behaviour or work type. Expected outcomes of the survey were analysed to understand
the current practice in building systems designed for indoor environments in offices and
homes as well as to understand the factors that influence the comfort and productivity
of occupants. An extensive survey of 1200 participants had been conducted 200 out of
which either did not respond back or inaccurately answered the majority of the survey.

The response rate was higher due to the fact that the survey was handed in personally
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at homes and offices and a day’s time was given to them to answer and return the 23

question short survey of 2 pages.

v Sample Characterization in Residential Environments

The ratio of the Male/Female in terms of the respondents was found to be 51% to 49%
as shown in Figure 3.2. 64.6% of respondents were found to be within the age group of
20-40, 28.19% belonged to the age group of 40-60 and a minimalist 7.19% belonged to
the age group of 60 and above. Figure 3.3 describes the percentage of respondents in
terms of Age in a graphic representation. A whopping 53.4% of respondents were Asian,
8.2% American, 13% European, 20.59% Arabs and 4.8% Africans in Origin (Refer Figure
3.4).

B MALE
BFEMALE H20-40 YRS
B 40-60 YRS
170 YRS & ABOVE
Figure 3.2: Male/Female Response Ratio in Figure 3.3: Age Response Ratio in Residential
Residential Indoor Environments Indoor Environments

W ASIAN

= AMERICAN
= EUROPEAN
W ARAB

H AFRICAN

Figure 3.4: Origin Response Ratio in
Residential Indoor Environments
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v' Sample Characterization in Commercial Environments

Below are the Figures 3.5, 3.6 and 3.7 displaying the demographic percentage of
respondent’s rates in terms of Gender, Age Group and Origin. The ratio of respondents
in terms of male and female genders in commercial environments was observed to be
54% and 46% respectively (Refer Figure3.5). 67% belonged to the age group of 20-40
years, 32.2% belonged in the age group of 40-60 years and a minimalistic 0.8% belonged
to the age group of 70 years and above (Refer Figure 3.6). In terms of origin 37.4% of the
respondents were found to be Asian origin, 24.2% American, 14% European, 15.4%

Arabs and 10% African origins (Refer Figure 3.7).

W 20-40 YRS

EMALE B 40-60 YRS

B FEMALE

1 70YRS & ABOVE

Figure 3.5: Male/Female Response Ratio in Figure 3.6: Age Response Ratio in
Commercial Indoor Environments Commercial Indoor Environments

W ASIAN

= AMERICAN
= EUROPEAN
W ARAB

W AFRICAN

Figure 3.7: Origin Response Ratio in
Commercial Indoor Environments
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3.5 The Data Analysis Method: Collection, Coding, Entry and Analyzing

Collection: A questionnaire with 23 questions and 2 pages was sent out in various
different ways. Firstly the commercial surveys were sent across various offices in
different areas of Dubai. It was distributed amongst friends, relatives, classmates, co-
workers and many random office buildings throughout the region. Collection of the
done surveys was done immediately the same day or next throughout various office
buildings, whereas some sent to friends and relatives were collected within a maximum
of 7 days. The questionnaire survey was carried out between April and June 2012 and

the response rate of the survey was 90%.

Coding and Entry: All the surveys once collected — were separated into sections being
residential and commercial. Questions were coded on the rows as numbered in the
guestionnaire and replies were noted on as numbers to an excel sheet, for e.g. multiple
choice answers were termed as 1, 2, 3... And so on to code them into a number.
Whenever an opinion or reply to a question was unanswered, the coding on excel would
be left blank and no number was noted for that. The chief task of coding and entry of
the data on a Microsoft excel sheet was then followed by the analysis of the
comparisons of groups to the perception of interior environmental quality. Out of the 23
guestions, only the main questions required for the research were calculated in terms of

Average, Mean and standard deviation.

Analysis: was done using T-test and Anova directly using online created formulas, by
inputting the data for each group and comparisons. T-test had been used to compare 2
groups whereas more than 2 groups were compared using Anova. Mean standard
deviation and count (sample size) had been needed and calculated on Excel and then

henceforth used to compare results via T-test and Anova.

Comparisons of groups of Residential and Commercial, Male and Female, Various Age
groups as well as Various Origins of occupants were used as a basis of comparison for
the variation in the perception of comfort levels at homes and offices. The analysis was
carried out using two statistical software’s online. The results were considered

statistically significant when the p value was < 0.05 and statistically insignificant when
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the p value was > 0.05. Statistical Significance meant that it was the reason or cause for

the variation for a particular question and vice versa for statistically insignificant values.

3.6 Limitation of The study (Key Challenges: problems encountered

during the research and Survey)

After signifying the main aim and determining the objectives, survey method was
chosen to achieve the aim. Moreover very less survey was performed in Dubai in regards
to indoor environmental quality. Although the method was best approved it had its
limitations like any other method. The following are the limitations noted in this type of

methodology in the region of Dubai.

v" Non responsive behaviour of the populace; Low ranging of Respondents'
motivation, honesty, memory, and ability to respond; Unwillingness of
respondents to provide information. Some of the respondents were very
unwilling to fill in the survey and pressurizing led to lower levels of motivation
and honesty in terms of filling in the survey. Many inhabitants were
inconsiderate and did not accept to fill in the surveys.

v" Few respondents felt that the Level of Importance to answering the survey was
low and non-useful due to the fact that it was a student survey and not a
research company or government organization based. Some of the lowest
response was mainly by employers and employees of commercial offices due to
their limitations of time.

v Due to the extensive use of computers and technologies, paper-based
guestionnaires are found harder to fill. Few of the inhabitants were resistant to
paper-based survey and suggested using internet based surveys, without
knowing the actual reason to the selection of paper based surveys to internet
based surveys.

v Limited selection of options to the answers of the questionnaire: Few of the
respondents complained of limited selection in some questions as their option
varied to the ones given in the survey. Few of the questions were also answered
as Don’t Know or even left blank, reason probably being the level of

understanding or the ability to respond. Some of the respondents even selected
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more than one answer per question, which makes it difficult for coding and
analysis.

Survey question answer-choices can many a time be a tricky method as it could
mislead the respondent to vague data sets as they are comparative simply to a
personal theoretical notion about "strength of choice". For example, the choice
“Highly Dissatisfied” or “Highly Satisfied” can have different effects to different
subjects to various different interpreters. Some of the respondents also had
problems in selecting multiple choices as they felt their choices were not
mentioned. For e.g. when the question “Please indicate your experience of the
following symptoms at home during the past month” was asked, the choices
were limited to: Everyday, 2-3times weekly and Never. Few of the respondents
answered in the blank spaces as: once a month or once a week etc..

Some of the respondents had an inadequate understanding of the subject and
few also had the Inability to provide information. This may possibly be due to
the following reasons: Lack of knowledge, Lack of time, Lapse of remembrance
Or Inability to identify their motives.

Sampling error is the other limitation to survey methodology as the sampling
error decreases with every increase in sample size. This makes the entry and
coding more tedious and time consuming. It is subject to great errors due to the
large sample size and various different sample types. However the assumptions
of unchanging variations are a percentage given in larger samples.

Limitations in terms of resources such time and money. The large sample size
needed to be covered individually due to the limitations of money and thus
became time consuming taking more time than normal to survey a 1000

inhabitants.
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3.7 Overcoming the Limitations in the Survey Methodology

In order to overcome the limitations in Survey methodology, cautious framing and
choice of words for questions has been done and explanations to occupants were given
when confusion rose. Careful organization of data gathering and coding has also been
prepared in order to avoid errors. A time consuming and cautious interpretations of
unclear, shattered answers or opinions has also been performed in order to reduce the
percentage of inaccuracy. The survey has been created after great thinking and
evaluation, and questions have been carefully explained to individuals who are unclear

in terms of understanding while the conduction of the Survey.
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CHAPTER 1

RESULTS &
DISCUSSIONS



4.1 Introduction

This chapter gazes at the results of the Survey and also what is analysed out of them. Up
until now we have understood that there are a many reasons to the perception of
building performance and productivity. Now we will try to understand the causes to the
difference in perceptions by various individuals through survey results. Many results will
vary from previous assumptions and a new outlook has to be established towards the
Indoor Environmental Quality in Dubai. Due to the climatic conditions where majority of
the months are summer, it is important in establishing the current Indoor conditions and
coming up with valid evaluations to why and what the reasons for it being so are.
Percentages of evaluations have been calculated through Microsoft excel in order to
understand the perception of majority of the respondents. P-values are calculated to
understand the significance levels of a few important issues with respect to the
demographics. Figures and graphs are represented to give a clearer understanding of
the many aspects of the survey. A combination of results and discussion to reasons and

solutions will be enunciated upon.

A framework had to be developed in order to complete the analysis of the surveys
received and studied. The commercial and residential surveys had been studied and
analysed differently and compared at the end to verify the similarities and difference
found in both the types of indoor environments. Figure 4.1 describes the process of
analysis in a flow chart form to understand the process of analysis adapted in this study.
Both residential and commercial surveys had been evaluated mainly by its demographics
in order to check whether an individual’s gender, age or origin could play a role in
determining comfort and health in an indoor environ. A use of qualitative and
guantitative methods has been adapted for selected questions in the survey where
mainly the health, comfort and productivity are studied in context with an individual’s
demographics, using T-test and ANOVA through calculations of Average, Mean, Count
and P-values and hence by analyzing the cause of good/bad indoor environments in

homes and offices.
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T-test: It is the statistical hypothesis experiment where the distribution pattern is tested
and calculated where null hypothesis is held upon. It determines the statistical
difference pattern between one or two groups (Wikipedia 2013).

ANOVA: 1t is the also known as the analysis of variance and is the statistical test for
more than two groups of studies by the calculated mean, average and count of the

groups with lesser error ( Wikipedia 2013).

DATA BASE OF
SURVEYS
RESIDENTIAL COMMERCIAL

ENVIRONMENT ENVIRONMENT

QUALITATIVE QUANTITATIVE QUALITATIVE QUANTITATIVE
METHOD METHOD METHOD METHOD

DESCRIPTIVE DESCRIPTIVE
PERCENTAGE = ERIOVA PERCENTAGE =M EANOVE

I_ P-VALUE FOR I_ P-VALUE FOR
SIGNIFICANCEEEE SIGNIFICANCEEEE

Figure 4.1: Analysis

4.2 Results

4.2.1 Residential Survey

Sample screening began in April 2012 and was completed by June 2012. A 90% response
rate was observed which were the eligible surveys conducted. A wide number of
households were covered in order to include the various types of residential
environments. In a total of 1200 surveys for residential and commercial, a 1000 were
collected, 500 being residential and 500 being commercial. Researchers have advocated
that “surveys are good for generating quantitative data and enabling a statistical
analysis of subgroups”. In this survey the data was carefully weighed and scrutinized to

avoid biased assessments. When each unit in the population has precisely the same
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possibility of inclusion in a sample it is known as a self-weighting design. It was
necessary to weigh the data in order to create impartial population estimations (Lee et
al., 1996). Hence all the proportions, means, standard deviations, counts and ratios
calculated from the sample would be unbiased whether the weights were used or not

eventually.

Questionnaire Design: The Survey was divided into three sections, where the first
section includes the demographics of the respondents and the other two sections
included added information such as the perception of current Indoor environmental
conditions as well as health complaints of residents. It was important to understand the
current living conditions and health of the residents in order to evaluate the causes of

their perceptions for the indoor environments.

v' The demographics section

The demographics have been used in order to understand their influence on levels of
indoor environment satisfaction and health complaints. The survey also consisted of
guestions that Inquired about the respondents Length of Stay in the U.A.E, which was
not included in this analysis. It was found that Gender is almost equally distributed in
residential environments, but residential development has to be mainly catered towards
the age group of 20-40% as they were found to be the majority of respondents. Asian
and Arabic nationalities are also found to be the majority and hence, construction
development of housing should look into catering to the needs of these various race of
people rather than focusing on a single type of construction system and try and

understand the difference in the needs of different age groups and nationalities.

v' The Environmental Conditions Sections

This section inquired about the number of people residing together in a given residential
environment. Although this wasn’t analysed much it helped in understanding the quality
of living according to the availability of space (i.e. the number of bedrooms) and the
number of people living together. It also aimed to check the type of residential building

occupants lived in. 28.4% of the respondents lived in Villa’s, 70% which was the majority
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lived in building apartments and a minimal 1.6% was found to be living in hostels or
hotel apartments. This suggests to us that it is increasingly important to focus on the
construction and design of apartment buildings and cater to the needs of various types
of individuals. The number of bedrooms in residences of the occupants was asked for as
well. In respect to the type of Air-conditioning system, a shocking 16.2% still used
window units, 51.4% used Split Units and the remaining 32.2% had central Air
conditioning systems in their residences. This suggests that sustainability is not yet an
important criterion in households as occupants still make use of the non-eco-friendly
window air-conditioning systems. The survey included the query on the number of hours
Air-conditioning systems were on in residences of the respondents and the number of
times the electronic equipment’s such as Computers/Laptops, Printers, Televisions
and/or Telephones and fax have been used in residential environments. The options
being either: everyday, 2-3 times a week or Never. On an average most of these
equipment were used on an everyday basis which is but natural due to the advancement
of technology. The ratio of fluorescent to non- fluorescent lighting used in residential
buildings was found to be 57.99%: 41%. A majority of respondents were also found to

have put on extra clothing for comfort.

In regards to question about the smoking members in the family and whether or not
they smoke indoors. 22.2% of respondents had smoking members out of which 54.05%
smoking members smoked indoors. There were a few more questions that were not
used for the analysis but aimed at understanding the perception of indoor environments
such as Inquiry about the number of hours occupants spent indoors. Checking the type
of kitchen whether open or closed plan, Inquiry about the existence of an exhaust in
kitchen areas to understand the cause of bad IAQ in homes. These could further be used
in a detailed study of different areas in an indoor environment and how their function
affects the sustainability and health of residents. Due to limitations of time, this study
has focused on the demographics of individuals, and how that affects a person’s

perception in terms of IEQ.

The main points to be noted here are that majority of the respondents lived in
apartment buildings and hence we see building construction at its peak in Dubai. It is

thus very necessary to cater to the demands of the occupants than the owners of
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residential towers, for a healthier and happier indoor setting. Older non sustainable
buildings need to be converted into green and healthy buildings. Smoking should be
prohibited not only in most but in all residential and commercial buildings for a healthier
indoor environment. Air-conditioning systems should be automated and have intelligent

systems to save on excessive use of air conditions and lighting when not required.

v' The Health Complaints Sections

The effects of different risk factors on the prevalence of illnesses were investigated.
They included Headache, lethargy, drowsiness, dizziness, Nausea, stuffy nose, dry
throat, skin irritation and eye irritation are the common illnesses included in this study.
Respondents were asked to indicate, on a scale of everyday, 2-3times weekly or never,
whether they had experienced the above illnesses. Due to the variations in numbers, 1,
2, and 3 was used for the three choices in order to calculate the count, average,
standard deviation and p value in order to determine the level of significance for the
determinacy of the perception of health and comfort levels. Microsoft Excel was used to
statistically analyse the available figures. The P-value computed by T-test and ANOVA
will help to judge whether the results obtained are significantly different from each

other or not to judge the cause for poor quality of IEQ.

P value: “p- value is associated with a test statistic. It is "the probability, if the test
statistic really were distributed as it would be under the null hypothesis, of observing a
test statistic [as extreme as, or more extreme than] the one actually observed” (About
2013). In the results some risk factors showed statistically significant differences (if the
P-value was< 0.05) between the comparisons. P —values were mainly calculated to study

the relationship between demographics, SBS and perceived IEQ.

The survey also inquired the number of days occupants had to take off work due to the
above health complaints and what was time of the day when these complaints had
occurred. 40.2 % of respondents complained of ill-health symptoms in the mornings,
5.4% noticed the complaints in the afternoons, 9.8% of the occupants noticed the trend
of these complaints to be occurring in the evenings and 44.6% of the respondents

perceived no noticeable trend. 33.8% noticed a relief of these symptoms after they left
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home, 21% of the respondents noticed the relief after they entered home and 45.2% of
respondents did not notice relief of symptoms anywhere. The medical history or
existing medical conditions of respondents such as Asthma, Allergy, Sinus, Migraine or
any other was surveyed. 10.4% of the respondents suffered Asthma and were on
medication, where as 15.4% suffered asthma but were not on medication. 74% of the
respondents did not suffer from asthma. 15.2% of the respondents suffered from Allergy
and were on medication, 18.8% suffered allergy but were not taking any
medication.66.4% of them did not suffer from allergy. 20.8% suffered from Sinus and
were on medication, whereas 14.7% suffered from sinus and did not take any
medication.64.5% of the respondents did not suffer from sinus. 11% of the respondents
suffered from Migraine, 12.8% were suffering and not on medication and the remaining
76.2% did not suffer from Migraine. Inquired whether environmental conditions or work
stress was responsible from the productivity of respondents at home.55% blamed the
environmental conditions and 45% blamed work stress for the lowered productivity at

home.

It is noted here that Majority of the complaints had occurred in the morning, implying
that they had formed them over the night at homes. This could be due to the reason of
already occurring illnesses of illness occurring after due course of time spent at homes,
which could be a result of toxic micro substances living and poor ventilation systems in
the indoor environments. The above calculations also prove that the occupants felt a
relief from the symptoms after they left home, evidencing the debauched quality of
indoor environs. Majority of respondents who were suffering from the symptoms of
Asthma, Allergy, Sinus, Migraine and many more were not on medication, implying that
these were happening in indoor environments in due course of time without the
knowledge or understanding of the causes to the occupants. Majority of the population
had no knowledge on building related sickness and toxic volatile substances living
indoors due to the size of the micro structures and unseen VOC’s present in Indoor
environments. Mental and physical stress is a combinational effect to Health
Complaints. We understand this due to the studies as well as the variance in the analysis
to different origins and age groups, which proves that physiological and psychological

causes also result in the difference of the perception of IEQ’s.
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4.2.1.1 Respondents’ Gender versus their opinions in terms of Level of

Satisfaction of IEQ and health complaints.

There were two samples based on the gender of the occupant: sample one — male and
sample two — female. T-test was done here in order to reveal the rate of significance by
calculating the  p value was calculated for the questions relating SBS, comfort and
health. If the p value>0.05, it meant no significant difference in the two samples, if the p
value<0.05, it meant there is a significant difference between the two samples implying
that it could be a cause to poor and inefficient IEQ. The P-value of gender had been
calculated with respect to all indoor environmental satisfactions as well as health

complaints. According to Table 4.1, calculations had shown the following results:

Gender was not found to play an important factor in determining the satisfaction levels
of Noise, Lighting and Indoor Air Quality, where as it did play a significant role in
determining the Thermal Comforts in indoor environments. In respect to Health
complaints , Gender did not play a significant role in determining Illnesses such as
Headache, Lethargy, Drowsiness, Dizziness, Nausea/vomiting, Shortness of breath, Stuffy
Nose, Dry Throat, Skin rash/itchiness, Eye irritation. The perception of cause for lowered
productivity at home was affected by gender due to the implications of significantly

different samples.

Table 4.1 shows the Average, standard deviation and count of the total number of males
and female respondents in respect to the above mentioned parameters. The count
represents the total number of males/females that responded to the respective
parameters. The average of the Male/Female respondents in terms of Noise, Lighting,
IAQ and Thermal comfort was based on the scale of -3 to +3 where -3 was highly
dissatisfied, -2 being very Dissatisfied, -1 being dissatisfied, O being Neither satisfied nor
dissatisfied, +1 being satisfied, +2 being highly dissatisfied and +3 being highly satisfied.
In terms of satisfaction levels in Male’s the average for the IEQ( including Noise,
Lighting, IAQ and thermal comfort) was found to be between -1 and +1 Implying they
were just averagely satisfied with the IEQ conditions in homes. Whereas females were
also found to be averagely satisfied in terms of Noise, lighting and IAQ, except for

thermal comfort where they dissatisfied. In terms of health conditions 1, 2, and 3
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denoted complaints occurring every day, 2-3 times weekly and never respectively. Both

Males and Females were found to have higher levels of satisfaction as the average was

found to be close to 3 denoting never most of the times except in case of lowered

productivity which had seemed to be affected due to some reason. In terms of lowered

productivities, 1 denoted that it was affected by Environmental conditions and 2

denoted work stress. Females reasoned out lowered productivities to environmental

conditions and Males blamed it to work stress. This could be due to the factor that most

working men feel lethargic at home after a productive day at work and some women are

housewives/ homemakers are mostly at home and believe the IEQ to be bad. The

standard deviations in the table show the variation in the range of values for both the

genders in terms of Health and Comfort (the four factors of IEQ).

Table 4.1: Effect of Gender on the perception of Indoor Environmental Comfort

and Health by evaluating P-value in Residential Environments

QUESTIONS/PARAMETERS | MALE FEMALE

Average | SD | Count | Average | SD | Count | P-value
Noise 0.37 1.74 | 255 0.14 1.65 | 245 0.13
Lighting 0.25 1.67 | 255 0.24 1.57 | 245 0.92
1AQ -0.50 1.72 | 255 -0.48 1.75 | 245 0.86
Thermal Comfort 1.54 1.67 | 255 0.46 1.63 | 245 <0.00
Headache 3.40 0.67 | 255 3.38 0.67 | 245 0.73
Lethargy 3.07 0.83 | 255 3.15 0.80 | 245 0.27
Drowsiness 3.68 0.58 255 3.65 0.60 | 245 0.58
Dizziness 3.69 0.55 | 255 3.68 0.55 | 245 0.93
Nausea/vomiting 3.91 0.25 255 3.91 0.25 245 0.88
Shortness of breath 3.67 0.59 | 255 3.66 0.58 | 245 0.80
Stuffy Nose 3.52 0.61 | 255 3.57 0.61 | 245 0.37
Dry Throat 3.37 0.62 | 255 3.41 0.64 | 245 0.49
Skin rash/itchiness 3.76 0.55 249 3.78 0.55 234 0.59
Eye irritation 3.52 0.55 | 255 3.57 0.56 | 245 0.28
Lowered productivity 1.49 0.50 240 1.39 0.48 | 232 0.02
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The results have shown us that gender can play a role in the perception of Indoor
environments to some extend but not all. It is not the only reason for depraved Indoor
environments and health complaints, factors as poor ventilation, toxic gases and
materials used in furnishings and electronics and building related sicknesses have also
been some of the other reasoning’s to poor Indoor Comfort and Health. As we can see
in Table 4.1, different genders did perceive the Thermal comfort and productivity levels
differently. This could be possible due to stronger sensing abilities or more belligerent
lifestyles of the two genders. But as we see majority of the perception has been equal

and irrespective of Genders.

4.2.1.2 Respondents’ Age versus their opinions in terms of Level of

Satisfaction of IEQ and health complaints.

The questionnaire had six sub samples based on age: sample one: 20-30yrs, sample two:
31-40yrs, sample three: 41-50 yrs., sample four: 51-60 yrs., sample five: 61-70 yrs. and
sample six: 71-80 yrs. Due to the large number of options and larger numbers, three
groups were denoted as following: 1- denoted age group 20-40, 2-denoted age group
40-60 and 2-denoted 60 and above during the analysis of the Age Group Vs. Health and
Comfort. The ANOVA test had been done as T-test could have accommodated only 1 or
2 sample comparisons. ANOVA is generally used to compare 3 or more sample

comparisons.

The average found for all age groups in terms of IEQ was in between satisfactory and
dissatisfactory, whereas in terms of Health, age groups 20-40 and 40- 60 had health
complaints 2-3 times weekly whereas age groups 60 and above complained of some
mostly every day. The standard deviation of the various age groups was also calculated
in order to evaluate the P-values and understand its correlation to health and comfort in

home environments be it apartments or villas.

The P-values from Table 4.2 denoted the significance of age over the level of satisfaction
in terms of Noise, Lighting, Air-Quality and Thermal comfort. It also compared and
correlated age as a factor to the health complaints in individuals at home. When Age as

a factor was evaluated by the calculations of mean, average, Standard deviations and P-
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values; Noise, Lighting, Indoor Air Quality and Thermal Comfort did not have any
dependence on Age as a factor. Whereas in respect to health complaints; Lethargy,
Dizziness, Nausea/vomiting, shortness of breath, Stuffy Nose, Skin rash/itchiness and Eye
irritation were found to be dependent on Age as a factor. The P-values of different age
groups in respect to Headache, Drowsiness and Dry Throat were >0.05, proving no
significant difference between the different age groups, hereby confirming no

dependence of these health complaints on Age.

Table 4.2: Effect of Age on the perception of Indoor Environmental Comfort and Health by
evaluating P-value in Residential Environments

QUESTIONS/ 20-40 40-60 60 YRS. AND
PARAMETERS YRS. YRS. ABOVE
Average SD Count | Average SD Count | Average SD Count | P-value

Noise 0.28 1.68 323 0.14 1.74 141 0.50 1.74 36 0.5
Lighting 0.26 1.62 323 0.17 1.58 141 0.36 1.82 36 0.76
1AQ -0.45 1.74 | 323 -0.62 1.67 141 -0.36 1.86 36 0.56
Thermal Comfort 0.51 1.65 323 0.45 1.64 141 0.69 1.72 36 0.74
Headache 2.39 0 323 2.39 0.66 141 2.58 0.64 36 0.26
Lethargy 3.07 0.81 323 2.23 0.81 141 2.16 0.81 36 0.02
Drowsiness 2.68 0.59 323 2.67 0.60 141 2.72 0.56 36 0.91
Dizziness 2.71 0.52 323 2.63 0.63 141 2.88 0.39 36 0.04
Nausea/vomiting 291 0.28 | 323 2.97 0.14 141 2.94 0.23 36 0.02
Shortness of breath 2.63 0.63 323 2.78 0.47 141 2.75 0.50 36 0.03
Stuffy Nose 2.51 0.65 323 2.67 0.51 141 2.63 0.59 36 0.02
Dry Throat 2.37 0.66 | 323 242 0.57 141 2.58 0.60 36 0.16
Skin rash/itchiness 2.74 0.61 311 2.88 0.38 139 2.78 0.54 36 0.04
Eye irritation 2.52 0.57 | 323 2.68 0.51 141 2.50 0.56 33 0.01
Lowered productivity 1.47 0.50 305 1.41 0.49 132 1.28 0.45 35 0.04

Ageing is a natural occurrence and is very known to be susceptible to health conditions
as well as mental instabilities. As we see in the Table 4.2 and the results mentioned

above, we can come up with a conclusion that age could be one of the factors for the
Page | 67




discernment of various health complaints, mainly lethargy, Dizziness, Nausea/vomiting,
shortness of breath, Stuffy Nose, Skin rash/itchiness and Eye irritation. But it is not the
factor for poor indoor environmental quality as we can see it has no effect over the
perception of Noise, Lighting, Thermal comfort or Indoor Air Quality in indoor environs.
There has to be another drive to low quality of Interiors. This can be a combination of
effects from the start of the construction with the use of poor quality of toxic materials,
bad ventilation systems, and excessive use of electronic devices which radiate
electromagnetic waves, harmful in the long run. There has to be a combinational
strategy development to improve the living conditions of populace of UAE, by carefully
and suitably creating and subletting buildings which work towards happy, healthy and

lively indoor environs.

4.2.1.3 Respondents’ Origin versus their opinions in terms of Level of

Satisfaction of IEQ and health complaints.

5 groups of races were examines that were found to be the respondents of the survey.
Group 1: Asian, Group 2: American, Group 3: European, Group 4: Arab and Group 5:
African.

ANOVA had been used similarly in order to calculate the P-value and compare the
various nationalities and their opinion to the perception of IEQ as well as their health
complaints. Table 4.3 shows the average, SD-standard deviation and count of various
origins and thereby P-values have been calculated in order to check the dependence and
significance of ethnic groups over their perception of IEQ and Health Complaints.

On an average all groups of ethnicity showed dissatisfaction in terms of IAQ. In terms of
Noise Europeans and Africans were dissatisfied compared to other ethnicities, whereas
all groups were averagely satisfied with the lighting and Thermal comfort. In terms of
health, Europeans and Arabs were found to have health complaints more often than
Asians, Africans and Americans. The P-values indicated no significant difference
between the 5 groups in the effect of Noise, Lighting and Indoor Air Quality, which
means these factors were not affected by origin. On the other hand the P-value for
Thermal comfort showed a significant difference between the 5 groups proving that
origin did have an impact over thermal comfort. In terms of Health complaints, Origin

did not determine any of the following conditions of health impacts. Table 4.3 proves
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that Origin has very little to do with the perception of quality of an indoor environment
as well as health complaints. An occupant living in Dubai, whether he has come from
China, India, Africa, America or Egypt, perceives the current conditions irrespective of
where they come from and how they lived. The body adapts to the current living
conditions and the immune system improves or degenerates according to the existing

atmosphere.

It is the psychological experience of an individual after being in a country and the
perception of the IEQ attributes that come as an end result. According to Plotnik and
Kouyoumdjian (2011), the definition of perception under psychophysics is: “‘the
experience we have after our brain assembles and combines thousands of individual,
meaningless sensation into a meaningful pattern or image.” This suggests that the
sensation of current indoor environments is a more powerful simulation of the brain
rather than the genetic factors contributing from the race of the people. The
calculations and analysis show us that different ethnic backgrounds do have an affect
over the perception of an individual level of comfort and health. Americans and Africans
complained of thermal discomfort more than other Ethnic groups. In general Europeans
complained least in terms of Health. This could be due to their thermal backgrounds or
even due to certain physiological, sociological and economic causes. Although saying
that, the difference in Origin had not been found as factor in terms of difference in
perception for the cause of lowered productivity in Homes. Lethargy was found to be a
factor where the various ethnic groups had a difference in opinion on. This could be due
to the cultural and social differences found in the groups of various nationalities.
Research has shown us that Asians and Africans are found to be hard working than other
ethnicities, due to the fact that these countries are under developed and their levels of

poverty are found to be higher. It is a race to become a part of the developed countries.
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complaints and lowered productivity was higher for smoking members compared to
non-smoking members in a family. Indoor Air Quality was observed to have a P-
value<0.05, revealing that there was a significant difference between the two samples,
meaning that Smoking did have an impact over the Indoor Air Quality. In respect to
health complaints Smoking did not determine the shortness of breath or dry throat, but
it did determine the symptoms of stuffy nose and Lowered levels of productivity. Both
literature review and calculations prove the significant impact of smoking over the

quality of Indoor environs as well as health complaints.

Table 4.4: Effect of Smoking on the perception of Indoor Environmental Comfort and Health Complaints
in Residential Environments

QUESTIONS/ SMOKING NON-SMOKING
PARAMETERS MEMBERS MEMBERS

Average | SD Count | Average | SD Count | P-value

Level of satisfaction in terms of IAQ 2.66 0.58 | 111 2.73 0.59 | 393 0.03
Health Complaints in symptoms of Shortness 2.71 0.59 | 111 2.67 0.59 | 393 0.53
of breath

Health Complaints in symptoms of Stuffy Nose 2.72 0.54 | 111 2.52 0.63 | 393 0.00

Health Complaints in symptoms of Dry Throat 2.48 0.61 | 111 2.37 0.64 | 393 0.10

Perception of lowered productivity 1.45 0.49 | 104 1.41 0.49 | 372 0.04

Tobacco smoke is one of the major sources of exposure of airborne toxic particles in the
atmosphere, be it indoors or outdoors. Although; age, gender and origin can have
secondary effects on respiratory and other diseases, smoking is the primary cause for
degeneration of health. Important steps need to be taken to achieve a goal to achieve a
smoke free indoor environment and if not at least to come up with some techniques
that need to be established to exploit the toxic airborne particles to stay indoors.

4.2.2 Commercial Survey

500 completed surveys were analysed in order to understand the perception of indoor
environments in offices. Various types of office buildings and office environments were
studied through surveys. A similar questionnaire such as the residential survey was

prepared in order to compare both residential and commercial indoor environments and
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to understand the perception of both. Commercial surveys differed in a few ways, where
guestions regarding job category, type of workstation, nature of occupation etc.. were
added and replaced by members of family and type of residential buildings. Similar to
the respondents for the residential survey the male to female ratio was not majorly
different and was found to be 54%:46% in commercial environments. The percentage of
age group respondents was mainly 20-40 years, which proves that this is the main age
group the construction industry needs to cater to. Origin wise, for Commercial Surveys

majority of the respondents were found to be Asians and Americans.

54.2% of the respondents had an enclosed room to themselves in offices and 44.8% had
an open concept type of workstation.1% of the respondents had not responded to this
guestion which could mean they either did not understand the question or did not have
any workstation to themselves and worked on sites mainly. In regards to comfort, 43.2%
of the respondents needed to put on extra clothing for comfort in office environments
regularly, 36% had to put on extra clothing sometimes and 20.8% of them had to never
put on extra clothing for comfort, i.e. a minority of only 20.8% of respondents were
found to be thermally comfortable in indoor environments and did not suffer extremely
cold air conditioning systems or temperatures. In regards to odour, 24.8% always felt an
unpleasant odour, 42.8% felt the unpleasant odour at times and 32.4% did not have an
unpleasant odour in their office environments. This shows that the majority of them did
many a times face unpleasant odour confirming need of proper ventilation and exhaust
systems in commercial building environments. In terms of stuffiness in office
environments, 14.6% always felt stuffy, 37.4% felt stuffiness at times and 48% never felt
stuffy. This proved that it is a major concern to have thermally comfortable indoor office
environments, as 43.2% of the respondents have been noted to put on extra clothing for
comfort and 52% of them complained of stuffy environments proving extremely high
temperature difference and thermally uncomfortable settings. As we all notice in Dubai
generally the trend in Indoor Environments is to have fixed cooling systems in Buildings
and Offices which are generally from 20 — 22 degrees that are normally very cold for
people to be accepted indoors. It is very important to cater to separate thermal needs
as it could majorly affect the productivity needs as well as wastage of unnecessary
energy. Due to inefficiency in ventilation systems, populace have felt a strong sense of

odour in commercial indoor environs which may be due to a number of reasons
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including food, unhygienic people of environs, and lack of exhaust systems, perspiration,

paints or even smoking.

In regards to physical and mental levels of stress in office environments: 45.8% of the
respondents felt low, 45.6% felt moderate and a minimal 8.6% felt high in terms of
physical stress. In terms of mental stress; 28.59% of the respondents felt low, 47.8% felt
moderate and 23.61% felt high in office environments. This showed that mental stress
and physical was equally accounted for resulting in draining out of individuals in turn
resulting in the lowered levels of productivity of people in offices. Conferring to the
questions about when the health complaints occurred, 36.8% of the respondents said
mornings, 16.4% responded afternoons and 46.8% responded a no noticeable trend. In
regards to experiencing relief from these complaints; 30.4% responded after they left
their workstations, 22% responded after they left their office buildings and 47.6%
responded never. When inquired about the respondents medical conditions; 15.8%
suffered from asthma and were on medication, 34.6% suffered but were not on
medication and 49.6% did not suffer from it. 13.2% suffered from allergy and were on
medication, 22.8% suffered but were not on medication and 64% did not suffer from it.
26.6% suffered from sinus and were on medication, 20.2% suffered but were not on
medication and 53.2% did not suffer from it. 21.6% of the respondents suffered from
migraine and were on medication, 23.4% suffered but were not on medication and 55%
did not suffer from it. In regards to lowered productivity; 66% blamed it on

environmental conditions and 34% blamed it on work stress.

Office environments are found to having maximum levels of mental and physical stress.
A major cause for this is unpleasant indoor settings, poor ventilation and lack of Natural
daylight, which creates a depressed and unpleasant environment in addition to the
already occurring work stress that the occupants go through every day. It is hence a
necessity to create environmental friendly, aesthetically pleasing settings where

occupants can be at ease and work more efficiently.

4.2.2.1 Respondents’ Gender versus their opinions in terms of Level of

Satisfaction of IEQ and health complaints in Commercial Environments.
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Commercial surveys; similar to residential surveys helped in the analysis of the influence
of Gender on the satisfaction levels of IEQ and health impacts in Offices. Two samples
based on male and female were observed and T-test was done to calculate P-values and
understand the rate of significance between the 2 sample studies. Two groups of 1:
Male and 2: Female were evaluated by calculations of Mean (Average), Standard
deviation, count of the number of males and female respondents and thereby

calculating their P-values using T-test.

In regards to IEQ, the average calculated in Table 4.5 for Males was found to be lower in
terms of Noise, Lighting and IAQ and higher in terms of Thermal Comfort, proving that
women were found to be more disappointed with Thermal Comfort and men were
found to be disappointed with Noise, Lighting and IAQ in offices. In regards to Health
complaints, men had a lower average compared to females implying that, women
suffered more often to health complaints. Productivity levels were found to be affected
by both Male and Female workers, causes for which can be indefinite. The Mean,
Standard deviation and count of respondent’s answers helped to evaluate the P-value
resulting in the analysis of level of significance in the difference of results, implying the
causes to the perception of level of health and comfort in commercial indoor

environments.

Table 4.5, demonstrates that the P-value for Noise and Thermal comfort are <0.05,
attesting significant difference between the two groups. This corroborates the
dependence of Noise and Thermal Comfort over Gender type. Gender did not play a role
in determining the levels of satisfaction in Lighting and Indoor Air Quality. In regards to
Health complaints, gender did not determine symptoms of Headache, Lethargy,
Drowsiness, Dizziness, Nausea, Shortness of breath, Stuffy Nose, Dry throat, Skin rash or
Eye irritation. The P-value for lowered productivity in offices was <0.05, proving a
significant difference between the two groups of gender, essence being that Gender did

play a role in determining variations in the levels of productivity.

In commercial Indoor milieus, Gender is found to have an impact over the perception of
Comfort in terms of Noise and Thermal comfort. This could be due to the fact that at

times women are more sensitive to temperature, due to their biological type. Women
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are far more sensitive than Men as they go through more mental and physical stress

than men and bear with a lot in various aspects of life. They are meant to be handling

homes and offices, whereas men are mainly found to be handling offices only. After a

certain Age, the tolerance level of women is widely affected by multi-tasking with

homes, offices, children and other family oriented anxiety.

Table 4.5: Effect of Gender over the perception of Indoor Environmental Comfort and
Health, compared by the evaluation of P-values in Commercial Environments.

QUESTIONS/PARAMETERS MALE FEMALE

Average SD Count Average SD Count P-value
Noise -0.66 1.63 272 -0.33 1.71 228 0.03
Lighting -0.14 1.69 272 0.12 1.80 228 0.09
IAQ -0.65 1.69 272 -0.52 1.75 228 0.39
Thermal Comfort 0.76 1.75 272 0.04 1.77 228 <0.00
Headache 3.04 0.75 272 3.07 0.69 228 0.68
Lethargy 3.16 0.74 272 3.18 0.77 228 0.74
Drowsiness 3.40 0.69 272 3.46 0.65 228 0.39
Dizziness 3.52 0.64 272 3.53 0.67 228 0.88
Nausea/vomiting 3.60 0.60 272 3.59 0.58 228 0.79
Shortness of breath 3.55 0.60 272 3.56 0.58 228 0.83
Stuffy Nose 3.51 0.64 272 3.54 0.63 228 0.66
Dry Throat 3.61 0.58 272 3.63 0.57 228 0.73
Skin rash/itchiness 3.61 0.60 272 3.59 0.60 228 0.69
Eye irritation 3.60 0.60 272 3.58 0.63 228 0.72
Lowered productivity 1.35 0.47 272 1.37 0.48 228 0.04

Gender is also found to have a significant impact over the perception of levels of

productivity. This could be due to the fact that levels of productivity may vary in the

heads of Males and Females as one could have a higher goals and objectives than the

other or it may be due to the reason that women have higher physical and mental stress

which could be affecting their productivity. It could even be due to the fact that some

genders are far more sensitive to in efficient indoor environments.
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4.2.2.2 Respondents’ Age versus their opinions in terms of Level of

Satisfaction of IEQ and health complaints in Commercial Environments.

The questionnaire had six sub samples based on age: sample one: 20-30yrs, sample two:
31-40yrs, sample three: 41-50 yrs., sample four: 51-60 yrs., sample five: 61-70 yrs. and
sample six: 71-80 yrs. Due to the large number of options and larger numbers, three
groups were denoted as following: 1: 20-40 yrs., 2: 40-60 yrs. and 3: 60 yrs. and above.

Table 4.6 shows the average, standard deviation, count and P-values for the three

groups. The ANOVA test had been done to compare 3 or more sample comparisons.

In terms of IEQ, the Average was found to be lowest for the age group of 60 years and
above, implying their level of dissatisfaction with office environmental quality. The 20-
40 years of age group were found to be more dissatisfied in terms of Noise and Thermal
Comfort and the age group of 40-60 complained of dissatisfaction with respect to
lighting and IAQ. If we were to analyse this kind of response it is clear that aged people’s
bodily functions are more affected than young people. It is clear from the calculations
that the age group of 60 yrs. and above were found to be more dissatisfied with the
overall IEQ. The age group of 40-60 complained of inefficiency of lighting systems due to
the fact that as you grow older the retina degenerates and higher levels of light are
required preferably natural lighting. The IAQ was also complained of more by the age
groups of 40-60 probably due to the fact that their levels of immunity were weaker in
comparison to the younger age group. As we all know the age group of 20-40 is the
period where humans are more sensitive, moody and intolerable. Due to this reason,
populates from the 20-40 years of age group complained about poor levels of Acoustics

in indoor environments and bad quality of thermal comfort.

After evaluations of the P-values as per Table 4.6, it was found that in commercial
Environments, Age was not found to be the reason for bad Indoor environments, but it
did prove to have some effect on health complaints such as Symptoms of Lethargy and
Eye Irritation. Age was not a factor in most of the areas as it had no significant impact

over how the respondents perceived their office environments.

Table 4.6: Effect of Age over the perception of Indoor Environmental Comfort and Health,
compared by the evaluation of P-values in Commercial Environments.



QUESTIONS/ 20-40 40-60 60 YRS. AND
PARAMETERS YRS. YRS. ABOVE
Average SD Count | Average | SD | Count | Average | SD | Count | P-value

Noise 0.44 1.64 335 0.55 1.75 | 163 -0.50 | 0.58 4 0.78
Lighting 0.99 1.76 335 0.95 1.72 | 163 -0.75 | 0.96 4 0.69
IAQ 0.46 1.68 335 0.26 1.76 | 163 -0.25 3.20 4 0.43
Thermal Comfort 0.81 1.81 335 1.03 1.69 | 163 0.25 1.89 4 0.39
Headache 3.08 0.70 335 3.01 0.77 | 163 2.25 0.50 4 0.6
Lethargy 3.16 0.74 335 3.16 0.77 | 163 2.75 0.50 4 0.03
Drowsiness 3.42 0.67 335 3.44 0.67 | 163 2.25 0.50 4 0.76
Dizziness 3.54 0.63 335 3.48 0.70 | 163 2.75 0.50 4 0.6
Nausea/vomiting 3.62 0.57 335 3.55 0.62 | 163 2.50 1.00 4 0.57
Shortness of breath 3.57 0.59 335 3.53 0.60 | 163 2.75 0.50 4 0.71
Stuffy Nose 3.52 0.63 335 3.53 0.65 | 163 2.50 0.57 4 0.92
Dry Throat 3.61 0.60 335 3.64 0.53 | 163 2.50 0.57 4 0.65
Skin rash/itchiness 3.59 0.60 335 3.64 0.58 | 163 2.50 1.00 4 0.54
Eye irritation 3.55 0.63 335 3.65 0.57 | 163 3.00 0.00 4 0.04
Lowered productivity 2.32 0.47 335 2.34 0.48 | 163 1.25 0.50 4 0.74

Table 4.6, shows that Age is not responsible for the levels of comfort in terms of Light,
Noise, IAQ and Thermal comfort and these are perceived the way they are, irrespective
of the Age group. Age however does have an impact of the Health Complaints as we all
know that age can cause certain impacts on the Human body. Age —Related changes are
known to have occurred and alter lifestyle changes as well as create some health related
complaints.

4.2.2.3 Respondents’ Origin versus their opinions in terms of Level of

Satisfaction of IEQ and health complaints in Commercial Environments.

5 groups of races were examined amongst the respondents of the commercial survey;
Group 1: Asian, Group 2: American, Group 3: European, Group 4: Arab and Group 5:
African. The 5 groups were compared using ANOVA and calculations of their P-values for

the same factors as repeatedly mentioned.
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The Average observed amongst the 5 groups of Ethnicities was found to be equally low
implying dissatisfaction in terms of IEQ comfort factors such as Noise, Lighting and 1AQ.
Thermal Comfort however varied amongst all nationalities and Asians and Africans were
found to have complained the most in regards to Thermal discomfort in office environs.
In regards to Health Complaints, all ethnicities showed equal perception in regards to
the below mentioned health parameters (Refer to Table 4.7). Also in regards to lowered
levels of productivity Origin did not seem to change the perception of individuals and
most of them were found to have blamed work stress for lowered levels of productivity,
hence by proving that Environmental conditions within an environment cannot entirely

be blamed for health, comfort and productivity of individuals in office environments.

Standard Deviation (SD) seemed to be equally distributed amongst the 5 nationalities
and hence the P-value calculated for Origin as a factor did not signify any health
complaints in offices and did not impact the productivity levels. The determination of
Indoor environments and health complaints had very little to do with the occupants
Nationality. Origin was only found to be a reason for the difference in the perception of
lowered thermal comfort. This could be accounted to various genetic hot and cold body
temperature differences in various populations and race’s. Ethnic groups have been
related to many sociological and biological factors which can cause an influence over the
perception and belief of thermal comfort in an environment, which includes cultural,
socio-economic factors, stress levels as well as health care. The variations in the origin of
the populace have an impact on the thermal comfort in commercial settings, as

observed by the current survey referring to Table 4.7.
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of IAQ further than it does. Table 4.8 describes the mean, standard deviation as well as
P-values for the levels of satisfaction in IAQ and how there is statistically significant
difference between smoking and non-smoking members in household of respondents.
The health complaints such as Shortness of breath, stuffy nose and dry throat are
perceived not to be affected by presence of smoking members. However the lowered
productivity is definitely affected by smoking as a factor. The average in Table 4.8 shows

us how dissatisfied respondents are with IAQ.

Table 4.8: Effect of Smoking on the perception of Indoor Environmental Comfort and Health Complaints
in Commercial Environments

QUESTIONS/PARAMETERS SMOKING NON-SMOKING
MEMBERS MEMBERS

Average SD Count | Average | SD | Count | P-value

Level of satisfaction in terms of IAQ -0.62 1.72 157 -0.55 1.72 343 0.03

Health Complaints in symptoms of Shortness of 2.60 0.57 157 2.56 0.60 | 343 0.61

breath

Health Complaints in symptoms of Stuffy Nose 2.47 0.65 157 2.57 0.63 | 343 0.10
Health Complaints in symptoms of Dry Throat 2.63 0.59 157 2.64 0.58 | 343 0.85
Perception of lowered productivity 1.29 0.45 157 1.36 0.48 | 343 0.03

Smoking has found to be the cause for lower levels of satisfaction in Indoor Air Quality,
as we know it is a major cause to indoor pollution and insalubrious inhalation. According
to EPA (2011), smoke contains around 4,000 substances, most of which are known to
cause serious diseases such as cancer as well as respiratory related illnesses.

4.3 Summary

The evaluations done in this chapter are aimed at exploring additional parameters to the
perception of Indoor environmental quality and possible design alterations in order to
increase the performance and productivity of a building environment. An indoor
environment quality is measured by factors such as comfort in terms of acoustics,
thermal, visual and IAQ. It is also determined by a basic physiological, psychological and
health factors of individuals using the building and analyzing its performance. Different

sets of human being can analyse the same set of building in various ways according to
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their mental and physical levels of well-being and their cultural and physical needs of

expectations from a building’s performance.

In this study we have analysed the reasons for difference in perception to be due to the
demographics and tried to study if that really is an important factor in determining the
degree of difference in perception of building performances. Here we have roughly
evaluated the current environmental conditions of respondents in context with their
demographics as well as current levels of health and tried to link these factors in order
to understand and study the evaluation of UAE’s inhabitants residential and commercial
environments. It was found that majority if the respondents were not satisfied with
their living and working environments. Some complained of poor quality of Indoor Air
Quality, while others criticized of poor levels of thermal, visual or acoustic comfort. The
reasons found were that a majority of percentage could be blamed to bad quality of
HVAC performance, Smoking indoors, bad quality of exhaust systems and unpleasing
aesthetic and inconsiderate design features in building design and construction. Miller
and Ashford (2001) have explained that there are a significant number of people that
are sensitive to chemical and electromagnetic fields and an in appropriate HVAC system
can add to this by creating SBS amongst the occupants. The other percentage of
responsibility to the perception of bad IEQ accounted to the difference in age groups,
gender and origin. The older a human being was the unhealthier he/she was and the
more he/she complained of in regards to health and comfort levels in an indoor environ.
Gender did not play a significant role in determining the variance in IEQ, but it was an
important factor in terms of thermal comfort and also had a difference in opinion in
residential and commercial environments. Male’s complained of lowered productivity in
homes. In commercial environments, gender added to the perceived lowered
satisfaction in terms of comfort in Noise and Lighting levels. Origin was also found to be
only responsible for the degree of difference in perception of thermal comfort in homes
and offices and not in terms of health or productivity as presumed earlier. Literature
review of this study has given us an in depth explanation to the causes of lowered levels
of IEQ in terms of health and comfort and how environmental sensitivity and SBS are
triggered due to the IAQ; concentration of contaminants which may be particulate,
biological or chemical and Clothing, Acoustics, Visual Comfort, Thermal comfort and

variance in Perception of Indoor Environmental Comfort; which are the Physiological
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and Psychological Aspects. Dear and Brager (1998) confirmed that the Physiological
adaptation is a combination of genetic adaptation (intergenerational) as well as
acclimatization (within the lifetime of an individual). For example the thermal
requirements and preferences of an individual can be altered by a past thermal history
such as past living environments (difference in thermal conditions of various countries).
They also confirmed that psychological comfort is the mental satisfaction of individual to
given indoor environmental conditions as well as a combinational result of genetic
adaptation (intergenerational) as well as acclimatization (within the lifetime of an
individual). It can also be altered owing to past experiences as well as expectations. Here
come the demographics in play which we have tried to evaluate and understand in this

study as mentioned above and below for comparison and discussion.

4.3.1 Comparison of Residential and Commercial in lowering the
Levels of Satisfaction in terms of IEQ and health complaints of

individuals

In Residential indoor environments, gender affected the Levels of satisfaction in terms
of Thermal Comfort as well as lowered the productivity at home; Age caused Health
Complaints in symptoms of Lethargy, Nausea/vomiting, Shortness of breath, Stuffy
Nose, Skin rash/itchiness, Eye irritation and lowered productivity. Origin was found to be

the cause for the lowered Levels of satisfaction in terms of Thermal Comfort.

Table 4.9: Comparison of the demographics; gender, age and origin Affecting the perceived

lowered IEQ and Health Complaints in residential (R) and commercial (C) Indoor environments.

Analysis/ Factors GENDER | AGE | ORIGIN | GENDER | AGE | ORIGIN
(R) (R) (R) (9] (9] (€
Level of satisfaction in terms of Noise X X X v X X
Level of satisfaction in terms of Lighting X X X v X X
Level of satisfaction in terms of IAQ X X X X X X
Level of satisfaction in terms of Thermal Comfort v X v v X v




Health Complaints in symptoms of Headache

Health Complaints in symptoms of Lethargy

Health Complaints in symptoms of Drowsiness

Health Complaints in symptoms of Dizziness

Health Complaints in symptoms of

Nausea/vomiting

Health Complaints in symptoms of Shortness of

breath

<

Health Complaints in symptoms of Stuffy Nose

Health Complaints in symptoms of Dry Throat

N

Health Complaints in symptoms of Skin

rash/itchiness

Health Complaints in symptoms of Eye irritation

Perception of lowered productivity

NN

v/ Implying YES the factors did have an implication over the perception over the listed

analysis

x Implying NO the factors did not have an implication over the perception over the

listed analysis

In Commercial indoor environments, Gender affects the Level of satisfaction in terms of
Noise, Lighting and Thermal Comfort. It also is the cause of perceived lowered
productivity. Age causes Health Complaints in symptoms of Lethargy and Eye irritation.
Although gender, age and origin were perceived to be causing inefficient thermal
comfort and a few health complaints, majority of the results proved that bad Indoor
environmental quality was the reason for Lowered productivity in Offices and homes.
There has been a noticeable similarity in the perception of Thermal Comfort being
affected by Gender and Origin as it could be a strong factor in determining the physical
comfort level, be it in homes or offices. Also Age was found to affect Eye irritation in
homes and offices. Lowered Productivity in homes and offices was affected by Gender

commonly.

Page | 83



Smoking on the other hand in Residential indoor environments causes lowered Levels of
satisfaction in terms of IAQ, causes Health Complaints in symptoms of Stuffy Nose and
perceived lowered productivity at homes. Origin was a factor for lowered levels of
satisfaction in terms of Thermal Comfort. Whereas in Commercial indoor environments
smoking causes lowered Levels of satisfaction in terms of IAQ and perceived lowered
productivity. Hence we could conclude that smoking had been an important cause to

health complaints in homes and a strong cause to lowered productivity in homes and

offices.

Table 4.10: Comparison of the Smoking in residential (R) and commercial (C) Indoor
environments causing lowered IEQ and Health Complaints.

Analysis

Does SMOKING affect
the perception of the

following (Homes)

Does SMOKING affect
the perception of the

following (Offices)

Level of satisfaction in terms of IAQ v’ v’
Health Complaints in symptoms of Shortness X X
of breath

Health Complaints in symptoms of Stuffy Nose v’ X
Health Complaints in symptoms of Dry Throat X X
Perception of lowered productivity v v

v/ Implying YES Smoking did have an implication over the perception over the listed
analysis
x Implying NO Smoking did not have an implication over the perception over the listed

analysis

4.3.2 Implications of the findings in U.A.E in comparison with existing

knowledge in literature review.

In general smoking was found to be an important factor in causing inefficient indoor
environments as well as in the cause of building related illnesses, which may or may not

be entirely blamed on smoking. It is in fact a combination of smoking as well as bad
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ventilation systems as well as thermally uncomfortable environments. The surveys also
showed that majority of the population had to use extra clothing in offices and natural
ventilation was the least used in indoor environments. This could not be entirely blamed
on the weather as winters in Dubai are quiet cool and can be very well utilized with
appropriate ventilation systems. Literature review conducted proved the various causes
of ineffective indoor environments were the sick building syndrome and environmental
sensitivity to the indoor contaminants (biological and physical) as well as to the
Environmental factors. Surveys in the U.A.E prove that in addition to that there are a
few demographic motives to it; although those cannot be changed a healthier IEQ can
always be achieved by appropriate designing and commissioning of residential and

commercial building construction and design.

4.3.3 The cause of ill-health implications for UAE residents (whether it
is the indoor environmental conditions OR the nature of occupation OR
the current level of wellbeing conditions of individuals that are

responsible.)

In the U.A.E, the main reasons of bad Indoor Environments is the inconsiderate
approach to build and design and cost saving strategies to it. There is very little exertion
from the governments, Owners, Architects as well as Building contractors and Designers
to achieve a healthy and comfortable Indoor Environment. The cause of sick building
syndrome and environmental sensitivity comes from a combination of mainly current
indoor environmental conditions, smoking, mental levels of stress as well as old age in
terms of demographics. The major reasons for Bad indoor environmental quality is that
owners are more bothered about saving the cost and not about the health and safety of
habitants. Money has become a priority in our society and has led to all evil within the
whole world. Construction is at its peak in The U.A.E and a strict amount of research and
measure needs to be taken by the government to ensure the health and safety of its
occupants in order to have higher life spans and better quality and productivity within

individuals living and working here.
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CHAPTER 5

CONCLUSION




5.1 Research/ Literature Review Findings

In relation to Indoor Air Quality, Literature review has proved to us that there is a limit
to level of acceptability of volatile organic compounds beyond which the health of
person starts to get low. These harmful chemical compounds may be present in many
indoor environments and can enter a house-hold through furniture’s, furnishings,
finishes, fragrances, disinfectants as well as through water and gas. Tobacco smoking is
one of the major sources of harmful airborne particulate concentrations indoors.
According to research and experiments conducted by Spengler et al (1981); Coultas et al
(1990); Leaderer and Hammond (1991); Ozkaynak et al (1996); environments with
smokers have found to be containing and increased average indoor particle level by at
least 20 to 30 grams in comparison to environments without smokers. Literature review
concludes that a bad indoor air quality can be a product of chemical contaminants,
biological contaminants as well as environmental factors such as air temperature,

velocity and humidity.

In relation to Acoustics, there are various sources of acoustic discomfort especially in
industrial and traffic areas. Noise pollution is a major cause to emotional, psychological
and physiological disturbances which are not so easy to measure. It reduces the
efficiency of an individual. The physiological disturbances vary from auditory and non-
auditory. Auditory could be temporary ear exhaustion or deafness. Non auditory effects
are disturbance, annoyance and body related illnesses such as blood pressure,
hypertension or fatigue. Sound pollution and various disturbances caused during sleep

cause a downfall of mood as well as result in lowered quality of sleep.

In relation to Thermal Comfort, inefficient HVAC systems indoor are mainly responsible
for poor thermal comfort due to inability of the systems to provide adequate
temperature, velocity, humidity as well clean air. According to HSE (2010), whenever the
humidity of indoor air rises, the evaporation of water from the body surface reduces and
eventually the sweat increases. Also the thermal comfort of one individual may vary
with another individual’s level of thermal comfort. Thermal comfort can be accounted
for 70% of the population. Not every individual can feel the same way and not the most

thermally comfortable settings can prove equally comfy for all natives.

Page | 87



In relation to Visual Comfort, literature review mainly discusses the lighting systems
provided in an indoor environment as they are the main causes to visual comfort. These
include daylight as well as electrical lighting and many buildings fail to provide a balance
between both causing poor visual comforts. According to Ncube and Riffat (2012), a
visually comfortable indoor environment has the luminance levels, illumination
uniformity, color characteristics, day lighting, and equal distribution of light, glare and
flicker rates as well as proper room surface reflectance in relation and in right balance

for a particular task.

In relation to Physiological and psychological Comfort, Genetic, physical and mental
adaptation to the climatic conditions of a city which includes indoor and outdoor
environments. Literature review also proves to us that the demographics of an
individual including their gender, origin and age play a major role in determining their
level of adaptation to an indoor environment. Sociological factors, behavioural factors as
well as Physical and Mental Health levels can determine an individual’s level of
physiological and psychological comfort in an indoor environment. Demographics have
further been used as a base in the survey in order to confirm its significance and its
applicability towards acceptance and construction of indoor environments in relation to
Age, Gender and Origin and their variations in the belief to various forms and types of

indoor comfort.

5.2 Survey Verdicts

This paper has offered the findings on a study of indoor environmental quality (IEQ)
within Dubai using a set of two types of questionnaires. The results of both types of
survey have been scrutinized for reports. The analysis in addition to the effect of
demographics also gave in information on building types, job type, lighting factors, use
of electrical appliances and many more. It was found that 70% of the respondents lived
in building apartments, 51.4% of the respondents used split units as air conditioning
systems, 57.99% used fluorescent lighting in comparison to non-fluorescents and a
majority of them were found to have put on extra clothing for comfort. Electric lighting
was used for almost all the time in residences, proving that daylight could be initiated

and promulgated in order to decrease health complaints and energy usage and increase
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productivity and circulation. Survey analysis was mainly done to analyse the influence of
demographics on the perception of Indoor Environmental Quality. Gender, Age and
Origin were the basis of comparison to the levels of indoor environmental satisfaction as

well as health complaints.

The analysis of the residential surveys done on 500 occupants provided logical and
established conclusions as to why the perceptions of an indoor environment vary within
a given indoor area. Gender played an important role in the determination of thermal
comfort as well as lowered the productivity levels at home. Male have a tendency to be
more labour oriented, not implying directly in various fields of work and hence tend to
feel more warm compared to females. In residential environments it was observed that
the requirement of cooler air conditioning systems was most often by Men than
Women. In terms of lowered productivity woman were found to be the main
complainers. The reason for this could vary from psychological, physical or sociological
causes. According to the tests and calculations done on survey records, age was found
to be a cause for health complaints such as Lethargy, Dizziness, Nausea/Vomiting,
Shortness of Breath, Stuffy Nose, Skin Rash/Itchiness and Eye Irritation. Origin however,
played the least important role in the determination of IEQ perceptions and Health
complaints. Smoking indoors was found to be one of the major causes to health
deterioration as well as bad quality of Living environments. It lowered the level of
satisfaction in Indoor Environments as well as lead to many Health complaints by
individuals. Tobacco smoking is one of the main sources of exposure of toxic materials

indoors and outdoors.

In regards to the commercial survey analysis, it was observed that Gender played a role
in the determination of lowered perceived Acoustic and Thermal comfort. Women were
more sensitive towards noise as well as cold temperatures. Age did not lower the
perception of Indoor environmental quality whereas it did determine certain health
complaints such as Lethargy and Eye Irritation in commercial indoor environments.
Origin did not verify the perceptions neither health complaints of individual but it was
found to have an impact on the perception of lowered thermal comfort. Smoking in
commercial environments had similar reaction to the perception of Indoor Air Quality as

was observed in Residential Environments.
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5.8 Overall Fallout of the Study

v' How Does The IEQ In U.A.E. (Mainly in the Region of Dubai) Affect Building

Occupants’ Perception to Health, Comfort And Productivity?

When inquired about the inhabitants living conditions in Dubai, occupants were rather
in sensitive towards how and where they lived. Majority of the residents felt the living
conditions were acceptable (neither too harsh neither too perfect), the reason for this
could be due to the factor that the populace are less clued-up and erudite on the topic
of sustainable and healthy interiors and least do they know what causes ill-health and
lack of concentration and performance in living environs. Although majority of the
population was also found to be living in smaller apartment type of buildings with more
family members and lesser rooms, in addition to poor ventilation and air-conditioning
systems as well as low quality or no exhausts in some cases. Many residents suffered
from a number of health complaints ranging from asthma to cancer, reasons being
unknown to them. In Office environments people mostly complained about the thermal
discomfort due to the fixed air temperature and lack of personal authority in a bigger
common area, especially in buildings where the air-conditioning systems are centrally
operated and managed. Majority of the survey respondents had to wear extra clothing
for comfort and complained of lack of performance and productivity. Some respondents
even complained of stuffy and smelly office environments, this could be mainly due to

the bad ventilation systems and lack of personal and environmental hygiene.

v' How Do Demographics (Gender, Age And Ethnicity/Origin) of an Individual Impact

the Perception on Indoor Environmental Conditions in the U.A.E?

Through the multiple surveys conducted throughout the residential and commercial
environments across most of Dubai, there has been a wide variety of differences across
the perception of an indoor environment. Gender and origin can be one of the causes
for the difference in perception of thermal comfort; Age could be one of the factors for
the discernment of various health complaints, mainly Lethargy, Dizziness,
Nausea/Vomiting, Shortness of Breath, Stuffy Nose, Skin rash/itchiness and Eye irritation

in residential environments. Whereas in commercial environs gender causes difference
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in perception of comfort in terms of noise and thermal comfort, Age causes health
complaints like lethargy and eye irritation and Origin causes difference in Perception of
Thermal comfort. Smoking is also found to be an additional imperative cause to

perception of Bad IAQ in homes and offices.

Survey analysis has proved that Gender does play a role in the determination of thermal
comfort and lowered productivity in homes whereas in offices gender affects the
perception of noise, thermal comfort and productivity. Ethnicity on the other hand
doesn’t have any major implications except for thermal comfort in Homes and Offices.
Age on the other hand has way more implications over health effects as well

perceptions and productivity levels in commercial and residential environs.

v’ Is There a Degree of Difference in the Indoor Environmental Conditions in Residential

and Office Buildings?

In terms of survey analysis there was very less degree of difference between the
environmental conditions in homes and offices. Although in terms of acoustic and
lighting comfort, Gender was found to play a role in the perception in commercial
environments and not in residential environments. Also in terms of health complaints
such as Nausea/Vomiting, Shortness of breath, stuffy nose, skin rash and eye irritations
were found to be affected more commonly in residential environments with Age being a
major factor for it. As we know this could be due to the reason that aged people
normally spend majority of their time in residential environments due to retirement and
health factors. The perception of lowered productivity occurred in both residential and
commercial environments whereas the factors of residential were found to be Gender

and Age and in offices were Gender only for obvious reasons know to us.

v What Is Responsible for the Ill-Health Implications to UAE Residents, whether it is the
Indoor Environmental Conditions OR the Nature of Occupation OR the Current Level of

Wellbeing Conditions of Individuals?

The overall analysis of the survey results has revealed that more than one third, i.e.

40.2% of the respondents for the residential survey suffered from ill-being in the
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mornings after a night’s sleep at home. 33.8% noticed a relief of these symptoms after
they left home proving that the home environmental conditions had some impact on
the health of the occupants. Majority of the respondents complained of health
complaints such as asthma, sinus, Migraine and lethargy which eventually resulted in
lowered productivity. In offices as well similar fallouts were detected. 45.8% of the
respondents felt low in relation to physical stress and 28.59% of the respondents felt
low in relation to mental stress. In regards to experiencing relief from these complaints;
30.4% responded after they left their workstations and 66% blamed it on environmental
conditions. These data force us to believe that be it homes or offices, one of the
foremost reasons for poor health has been the indoor environmental conditions.
Secondly, age has been determined as a factor of pre-existing health complaints in
individuals, where bad quality of indoor environments can act as a fuel to already

existing fire.

The survey results have given us a list of understanding to the preferred indoor

environmental conditions by occupants:

v" Individuals need to be more educated on what causes poor environmental
conditions and have to be aware of their behavioural consequences such as
smoking, unhygienic ambience and excessive use of electronics and other toxic
substances such as paint and cleaning detergents.

v' Majority of the respondents were not concerned about indoor environments
and did not know how to solve them as they thought of the issues to not be

major.

Large scale awareness is very necessary in order to increase people’s understanding to
types of indoor environmental qualities and how they can have a major impact on the

health and productivity levels of individuals in homes and offices.

5.3 Study Limitations

v Itis rather difficult to espouse universal solutions in all fields in order to achieve

the best indoor environmental quality. Every indoor environment needs to be
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treated separately according to the number of people, type of people and type
of usage of space.

v" Thermal comfort was different in different types of buildings as well as different
climatic conditions were not taken in account as the survey was done during
summers. Therefore these results are based on only one type of climatic
condition and different seasonal surveys need to be conducted in order to
achieve the best overall solution.

v" More detailed experiments need to be conducted in various types of homes and
offices to evaluate that.

v" Not all aspects to indoor environmental quality could be evaluated in the

current survey due to the limitation of time .

5.4 Recommendations

v" Thermal comfort is one of the most important aspects to residents in Dubai, and
hence a detailed paper with a high priority needs to be prepared in order to
analyse thermal comfort more profoundly and explicitly.

v" Governmental policy and regulations need to be created in order to have an
accredited system for the design and construction of indoor environments.

v' Gaps have to be identified between the Architect, Owner, Designer, Contractor
and Occupants.

v' Many other factors unrelated to IEQ should be understood such as positioning
of the workstations or positioning of the building for better daylight, ventilation
as well as for better visual and acoustic comfort.

v' One of the general recommendations to Owners and architects should be to
manage and control indoor environmental comfort needs on a case by case
approach and future studies need to be examined to understand the dynamics
of a human body and its needs.

v Delegating customized approach to indoor environments has been supported by
a lot of studies that prove that these can benefit the occupant’s health and also
provide better working solutions by improving the productivity with satisfied

I[EQ.
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5.5 Suggestions for Future Works

v" An IAQ specific team needs to also examine current environmental conditions in
the U.A.E to come up with better solutions and specifics for the build and design
of indoor environments HVAC as well as lighting and sound system and also to
come up with IAQ certification for enhanced results.

v" Policy implications need to be studied in depth for U.A.E in order to understand
why the design and build has failed to provide adequate IEQ to the residents.
Recent policies haven’t proved sufficient and are mainly concerned with physical
design and certain objective measures for green buildings. Policy makers could
undergo a detailed examination of the collected surveys and use some more
experimental studies through all the seasons for establishing the overall IEQ
enhancements for design and build of newer construction developments.

v"An in-depth study also has to be developed for green and healthy indoor
environments in order to develop satisfactory IEQ for occupants in residential

and commercial complexes.

One of the ways to do the above is by detailed investigation on site, interviewing
respondents specifically on the environmental and physical parameters as well as by
conducting experiments in the respondent’s homes and offices to conclude on the
reason for the bad IEQ as well as their health complaints. Such a detailed study can
make use of the current survey as well and establish a pattern or analysis and create the
relationship between health complaints and environmental parameters. A framework
for comfort and health needs to be developed by taking into account the human body
firstly and then the environment secondly. A holistic and integrative team needs to be
formed in order to do so. There have to be a lot of interactions between the occupants
as well as the designers/contractors to achieve the best solution. A design and
management team can also be hired to do so. A case by case approach would work
more in depth in terms of IEQ. This can have huge implications on the future growth and
economy of the country. It is also hoped that this study may have some implications on
the thoughts and beliefs as well as creating better understanding over the subject of

Indoor Environmental Quality.
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5.6 Closing Remarks

The findings of this study advocate that Origin has the least to do with indoor
environmental quality whereas gender and Age can play some role not all in
determining the perception of an IEQ. Demographic variables no doubt play some role in
changing the views and opinions of individuals but as a whole the environmental factors
play a much wider role. It was astonishing to observe that personality characteristics of
occupants did not influence Comfort as expected, but it did influence health in some
aspects, particularly in terms of the impact of gender and age on thermal comfort and
health complaints. Smoking has also found to be one of the very important sociological
factors to bad IAQ and health. Active and passive smoking have major effects over the

health and comfort of an individual.

In an overall summarization, this study focuses on the significance of environmental
parameters and also provides great focus on creating change in respect to the way
building environments have been treated. This study gives us feedback of occupants and
workers as well as their needs and expectations on their changing and ever growing
needs for comfort and health that an indoor environment should provide to them. This
study can also empower and provide a bench mark for future research and development
for building design, environmental management and clientele satisfaction. It will not
only benefit the stakeholder but also the clientele and architectural/design and
construction agencies and the government as a whole, where the country will benefit
from the positive indoor environmental changes which will create a rise in the
productivity , level of comfort and overall health of the occupants. It will also help save
on resources and maintenance as the best is already provided to them keeping the
environment in concern and focus and making use of more natural than artificial

parameters.
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APPENDIX A

RESIDENTIAL
SURVEY FORMAT



Residential Indoor Environmental Surveyl Date/Time:

1. Demographic Information

1.1 Sex
Male D Female C]
1.2 Age
20-30( ) 31-40() a1-50() s1-60(_) 61-70( ) 71-80( )
1.3 Country Of Origin
Asian [ American [ European ) Arab[_) African [
1.4 Length of stay in U.A.E:
2. Environmental Conditions
2.1 Number of people residing with you?
2.2 Type of residential building:
Villa G Apartment D Hotel Apartment C]
2.3 No. of Rooms in your residential building
studio( ] 1BR( ) 28rR(CJ) 38R(J 48R(J ser+(J
2.4 How is your area Air-Conditioned?
Window Unit () Split Unit () Central Unit )
2.5 How many hours is the Air-conditioner operational in your house?
2.6 What is the main type of lighting in your home?
Fluorescent Lighting D Non Fluorescent Lighting [:]
2.7 Please indicate if you sit mostly near the following equipment at home:
Computer/Laptop Everyday D 2-3 times weekly [ ) Never D
Printers Everyday [:] 2-3 times weekly [ ] Never C]
Television Everyday D 2-3 times weekly D Never )
Telephones/Fax Everyday ) 2-3 times weekly ) Never D
2.8 Do you have to put on extra clothing for comfort?
Regularly D Sometimes D Never [:]
2.10 Do you have smoking members in the family? YES D NO D
If YES, do they smoke indoors YES C] NO D

2.11 No. of hours spent per day at your home?

2.12 Is your Kitchen: Open D OR Closed D
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Residential Indoor Environmental Survey I Date/Time:

2.13 Does the kitchen area consist of an exhaust?

ves [ no [

2.12 Please rate the level of satisfaction in your home, in the past 1-4 weeks;

Highly dissatisfied Neutral Highly satisfied
-3 -2 -1 0 +1 +2 +3
MNoise
Humidity
Lighting

Indoor Air Quality

Thermal Comfort

3. Health Complaints

3.1 Please indicate your experience of the following symptoms at home during the past month:

Headache Everyday C] 2-3 times weekly D Never [ ]
Lethargy Everyday [ ] 2-3timesweekly [ ] Never [ ]
Drowsiness Everyday C] 2-3 times weekly D Never D
Dizziness Everyday [ ] 2-3timesweekly [ ] Never (]
Mausea/vomiting Everyday [ ] 2-3timesweekly [ ]  Never D
Shortness of breath Everyday [:] 2-3 times weekly D Never D
Stuffy nose Everyday [ ] 2-3timesweekly [ ) Never ]
Dry Throat Everyday [ ] 2-3timesweekly [ ]  Never [_]
Skin rashfitchiness Everyday [j 2-3 times weekly D Never D
Eye irritation Everyday D 2-3 times weekly [:] Never [ ]

3.2 No. of days in the past one month that you had to take off work because of these complaints?
3.3 When do these complaints occur? Mornings [:] Afternoons [:] Mo noticeable trend D

3.4 When do you experience relief from these complaints?
After | leave my home [:] After | enter my home [:] Never D

3.5 Please Indicate if you have any of these medical conditions:

Asthma? Yes, on medication D Yes, not on medication [:] No[:]
Allergy? Yes, on medication [__]  Yes, not on medication (] No[ ]
Sinus? Yes, on medication [:] Yes, not on medication [:] NDD
Migraine? Yes, on medication D Yes, not on medication D NOG
Any Other?

3.6 What do you think is affecting your productivity at home?
Environmental Conditions [ ] Work Stress [ ]
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APPENDIX B

COMMERCIAL
SURVEY FORMAT



Commercial Indoor Environmental Survey | Date/Time:

1. Demographic Information

11 Sex

male ) Female [

12 Age
20-30 () 3190 [ ) a1-so ) s1s0( ) s1-70 () 71-80 ()

13 Country Of Origin
asian [ American [ ] European ) arab [ african ()

1.4 Length of stay in UAE:

2. Environmental Conditions

2.1 what is your job category?
Managerial [ ) Professional () sSecretarial [ ] clerical (]  other [ )
(if other Please Spedfy):

2.2 Type of workstation
Enclosed room ) Open concept (]

2.3 Number of people who share your work station

2.4 How is your area Air-Conditioned?
window unit [ split unit () central unit ()

2.5 How is your workstation lighted?

Fluorescent Lighting [ ) Non Fluorescent Lighting ()

2.6 Please indicate if you work with or near the following equipment:
Computer/Laptop Everyday ) 2-3timesweekly (]  nNever (]
Printers Everyday (] 2-3timesweekly (]  Never [_]
Photocopier Everyday [:] 2-3 times weekly D Never D
Fax Machine Everyday D 2-3 times weekly D Never D

2.7 Do you have to put on extra clothing for comfort?
regularly ) sometimes [ ) Never ]

2.8 Does the office air have an unpleasant odor?
regularly [ ) sometimes [ ) Never )

2.9 Does the office air feel unventilated?
regularly [ ) sometimes () Never (]

2.10 Are there colleagues in your office often taking a3 smoke break? YES O NO D

2.11 what do you think is affecting your productivity?
Environmental Conditions () work stress ()
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Commercial Indoor Environmental Survey | Date/Time:

2.11 please rate the level of satisfaction in your office area, in the past 1-4 weeks;

Hignyy gissatishes Neutrai Higniy zotizfied
-3 -2 -1 0 +1 +2 +3
Noise
(Speech privacy, sound wvibration, reverberation, etc.)
Lighting

(Glore, integrotion of artificial light and daylight, occupancy
foctors and controls, etc.)

Indoor Air Quality

{(Smell of gases, vapour, fumes, smoke, fresh oir; dust;
bacteria, mold; occupancy foctors and control; etc.)
Thermal comfort

{Air tempercture, radiont temperature, humidity, cir speed,
occupancy factors and controls, etc.)

3. Nature of Occupation

3.1 No. of hours spent per day at your main workstation

3.2 Please rate how you find the stress in your working conditions:

Physical stress experience: ow (] Moderate( ) wigh[ )
Mental stress experience: ow (] Moderate[ ) wigh ()
climate of cooperation at work: ow (] Moderate ) High[ )

4. Health Complaints

4.1 Please indicate your experience of the following symptoms at work during the past month:

Headache Everyday [ ] 2-3timesweekly [ ]  Never [ )
Lethargy Everyday [ ] 2-3timesweekly [ ]  Never [ )
Drowsiness Everyday [ ] 2-3timesweekly [ ]  Never [ )
Dizziness Everyday C] 2-3 times weekly C) Never D
Nausea/vomiting Everyday [ ] 2-3timesweekly [ ]  Never [ )
shortness of breath Everyday [ ] 2-3 times weekly (] Never (]
Stuffy nose Everyday ()  2-3 times weekly () Never [ )
Dry Throat Everyday [ ] 2-3timesweekly [ ]  Never [ ]
skin rash/itchiness Everyday [ ] 2-3timesweekly [ ]  Never [ )
Eye irritation Everyday [ ] 2-3timesweekly [ ]  Never [ )

4.2 No. of days in the past one month that you had to take off work because of these complaints?
4.3 when do these complaints occur? Momings D Afternoons [:] No noticeable trend D

4.4 when do you experience relief from these complaints?
After | leave my workstation{ ) After | leave the building ()  never (]

4.5 please Indicate if you have any of these medical conditions:

Asthma? ves, on medication [_] Yes, not on medication ) no(_ )
allergy? ves, on medication () Yes, not on medication [ ) no( )
sinus? ves, on medication [_]  ves, not on medication ) no( )
Migraine? ves, on medication [__) Yes, not on medication [ ) no()
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APPENDIX C

RESPONDED
SURVEY SAMPLE



Residential Indoor Environmental Survey ,

1. Demographic Information

1.1 Sex
Male ) Female

1.2 Age
20-30 [j 31-40 () a1-50(_) 51-60() 61-70() 71-80()

1.3 Country Of O#fgin
Asian American [ European () Arab(_) African )

1.4 Length of stayin U.A.E: i (2}1@ ok

2. Environmental Conditions

2.1 Number of people residing with you? 3
2.2 Type of residential building:
Villa [:] Apartment @/ Hotel Apartment D

2.3 No. of rooms in your residential space
studio( ) 1BR(_J) 2BR(-J 3BR 4Br(]) sBr+( )

2.4 How is your area Air-Conditioned?
V4
window Unit [ Split Unit Q/ Central Unit [
2.5 How many hours is the Air-conditioner operational in your house? 2 % ‘:t l ?‘
2.6 What is the main type of lighting in your home?
Fluorescent Lighting D Non Fluorescent Lighting
2.7 Please indicate if you sit mostly near the following equipment at home:
Computer/Laptop Everyday () 2-3times weekly () Never ()
Printers - Everyday (] 2-3timesweekly [) Never ]
Television Everyday D 2-3 times weekly D Never D
Telephones/Fax Everyday D 2-3 times weekly D Never D

2.8 Do you have to put on extra clothing for comfort?
Regularly [ Sometimes @/or Never [

2.10 Do you have smoking members in the family? YEs (] NO %.//

If YES, do they smoke indoors YES D NO

2.11 No. of hours spent per day at your home? 2 "33 oo .

2.12 Is your Kitchen: Open [j OR Closed [9/
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Residential Indoor Environmental Survey |

2.13 Does the kjfchen area consist of an exhaust?

YES no ()

2.14 Please rate the level of satisfaction in your home, in the past 1-4 weeks;

3.1

3.2

3.3

3.4

3.5

3.6

Highly dissatisfied Neutral Highly satisfied
-3 -2 -1 0 +1. . *2 +3
Noise . /
(Speech privacy, sound vibration, reverberation, etc.)
Lighting 4
(Glare, integration of artificial light and daylight, /
occupancy factors and controls, etc.) )

Indoor Air Quality
(Smell of gases, vapour, fumes, smoke, fresh air; dust; |,

bacteria, mold; occupancy factors and control; etc.)

Thermal Comfort
(Air temperature, radiant temperature, humidity, air v

speed, occupancy factors and controls, etc.)

Health Complaints

Please indicate your experience of the following symptoms at home during the past month:
Headache Everyday (] 2-3timesweekly (]  Never @/
Lethargy Everyday (] 2-3timesweekly (]  Never @/
Drowsiness Everyday () 2-3timesweekly () ~ Never @/
Dizziness Everyday (] 2-3 times weekly Q( Never ()
Nausea/vomiting Everyday C] 2-3 times weekly D Never Q{
Shortness of breath Everyday () 2-3timesweekly (] Never Q/
Stuffy nose Everyday (] 2-3times weekly E}// Never (]
Dry Throat Everyday [ ] 2-3times weekly [2/ Never ()
Skin rash/itchiness Everyday (] 2-3timesweekly (] » Never J
Eye irritation Everyday () 2-3 times weekly d Never ()

No. of days in the past one month that you had to take off work because of these complaints? ;2 . gd—ﬁ’v&aé
When do these complaints occur? Mornings () Afternoons (i )  Evenings Q/No noticeable trend (]

When do you experience relief from these complaints?
After | leave my home ] After | enter my home () Never

Please Indicate if you have any of these medical conditions:

Asthma? Yes, on medication [:] Yes, not on medication C] NO[Z(
Allergy? Yes, on medication (]  Yes, not on medication ) Nog/
Sinus? Yes, on medication D Yes, not on medication [:) No[g/
Migraine? Yes, on medication D Yes, not on medication D No@

Any Other?

What do you think is affecting ygur productivity at home?
Environmental Conditions @}J Work Stress ()
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