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ABSTRACT - ENGLISH

Sustainability is an increasingly prevalent issue not only in terms of
our environment and resources, but also our health and performance, es-
pecially within the indoor environment. One of the most important ele-
ments of the indoor environment is lighting, and natural lighting is the most
sustainable form that should be introduced to all interior spaces. There is
no clear strategy for the complementary artificial lighting that can enhance
the illumination of the indoor environment. Economic, environmental and
social aspects determine the selection of artificial lighting, and the social
aspect is the subject of this study. A variety of sustainable lighting is of-
fered in the market, and the major advantage among them is their impact
on the users of interior space. Even though this is not the foremost strate-

gy for choosing artificial light, this study highlights this characteristic.

In this study an experiment was conducted over an academic year
in elementary schools to evaluate the performance of students and teach-
ers under warm and cool lighting. A specially-designed teachers’ ques-
tionnaire was answered and analysed along with the students’ grades,
which were collected and discussed under the experimental lighting: warm
white. Planned methodology was by observation (walkthrough, photos,
comments), site analysis, students’ grades, and teachers’ questionnaires.
The analysis method selected was statistical analysis along with corre-
sponding discussion. The two schools selected shared similarities (Grade
2 — two different sections in each, British curriculum), and differed in terms
of their interiors (colourful and neutral), and lighting fixtures (open and

covered).

The major findings conducted through the study showed the re-
markable advantages of the suggested artificial lighting along with few
disadvantages. This emphasises the usage of it in elementary schools in
the United Arab Emirates (UAE) with time conditions.
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1.

INTRODUCTION

1.1

Background of the Study

1.1.1 Interior Environment

Since the beginning of the 21% century, the buildings
and construction revolution has expanded (Jones, 2008).
Compound buildings started to be recognized in different so-
cieties and countries for their functionality in different cli-
mates, for time saving and many other situations (such as
companies, factories, hotels, shopping malls, schools, uni-
versities, showrooms, office and residential towers, trade
centers, compounds, villas). As a result of this revolution,
people have more recently been spending over eighty per-
cent of their lifetime indoors. Although this action helped the
major functions it was designed for, some negative side ef-
fects started to be realized. Pollution in interior environments
is recording higher levels than outdoors by a factor of two to
five (LEED 2007). This pollution has numerous negative ef-
fects, principally causing health problems such as asthma,
allergies, and general discomfort. This in turn affects our per-
formance and contributes to millions of collective days of ab-
sence from school and work (Jones, 2008).

The dominant role of the interior environment in our
lives (users and occupants) is believed to affect our mood,
behavior and performance in different ways, both directly and
indirectly. The interior environment, whether residential or
commercial, features many elements that, individually or col-
lectively, are powerful enough to have a remarkable impact

on users and occupants, enhancing the overall effect casted
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upon us. Although this is more complicated to control, a
number of studies are focusing on individual elements as
well as the relation between the elements taken as a whole.
Occupants have varied reactions towards these elements,

and major reactions are recorded in different studies.

Elements of the interior environment vary, from the
space whose boundaries include walls, ceiling and floor, to
any item or aspect that is added to enhance the function of
the boundaries and the space within. Light, colour, furniture,
texture, fixtures, finishes, ventilation, equipment, openings,
and plenty of others can be considered elements of the inte-
rior environment. Each can have sub-categories as it pos-
sesses a number of varying characteristics, causing different
impacts and interactions with other elements and character-
istics too (Ching and Binggeli, 2004).

1.1.2 Impact of Light

For a long time many researchers believed the major
influence of lighting to be visual comfort or discomfort, until
Kenz (1995) demonstrated that some lighting circumstances
encourage negative influence and reduce performance, and
vice-versa (Abramson et al, 2007). Since then, recommen-
dations have been circulated to direct lighting research to-
wards studying new concepts, in which lighting affects
health, behaviour, mood, task performance and even circa-
dian rhythms (Boyce, 2004). Recent studies started appear-
ing in the lighting research field focusing on human perfor-
mance in different areas (especially commercial areas such
as offices, schools, universities) to provide evidence of light-

ing impact (Veitch, 2001a) regardless of the age of the users.
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It is believed that results in every area may be conveyed to
other areas, since the main study is human performance
(Heschong et al, 2002). Further study is needed to expand
the research parameters to include major light characteris-
tics, psychological and biological processes. “It will certainly
require a coordinated strategy using a combination of meth-
odologies — laboratory experimentation, field work, and
population studies =" (Heschong et al, 2002). There is no
clear knowledge in this regard yet, except in that there is still
much to learn and do (Veitch, 2005).

1.1.3 Lighting the Interior Environment

Natural daylight is the best form of illumination for the
interior environment, but in some cases cannot be the only
source as the function, working hours, weather, location of
the building and other factors require artificial light to com-
plement them. The more efficient the daylight utilised in the
interior environment, the fewer complications necessary to
modify the accompanying artificial lighting. A lot of variables
do play a substantial role in choosing the proper artificial light
type in the interior environment to achieve the best illumina-
tion, and this will be illustrated through the experiment con-
ducted in this study. Lighting colour, type, control, mainte-
nance and operating schedules are important factors to be
taken into consideration when comparing the best artificial
light to be applied.

Veitch (1998) illustrates a lighting quality model in
which three major factors should be applied when selecting
the artificial light in the environment in order to attain quality

lighting (Figure 1-1). If lighting achieves individual wellbeing,
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and economic and architectural satisfaction, it will become

the choice quality lighting within the interior environment.

INDIVIDUAL
WELL-BEING:

® visitalsty
® activity
® soctal & communicution
* mood, com fort

© health & rafety

® acathetic judgement

ECONOMICS:

® inetallation
* mmntenance

ARCHITECTURE:

* form
* camposiion
®atyle

® coder & standards

® operation
® energy
® enviromanont

Figure 1-1: Lighting quality model (Veitch, 1998).

As lighting and colour elements have great impact on
other interior elements, they are also affected by all of them.
This increases the variables that are influencing the perfor-
mance of the artificial lighting, making it difficult to standard-
ise lighting and colour type for different interior environments.
Every interior environment with its design and elements
should be unique and have a proper study for its illumination
plan, with natural and artificial light complimenting each other

for the best result.

To this day, studies have been carried out to explore
and affirm the importance of other factors to be added to the
quality lighting model, as well as the different elements af-
fected positively or negatively, in order to achieve best per-

formance.
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1.1.4 Lighting the Learning Environments

Veitch (1998) states that architecture is one of the
three principal elements of the lighting quality model. This
asserts the responsibility placed upon architects and interior
designers while designing the space. The major concern in
designing the learning environment should be the daylight,
according to Nair and Fielding (2009). After the form, open-
ings that will allow the daylight, it is the artificial light and col-
our that should be designed in the correct manner to improve

the performance of the users, along with the impact on them.

Taylor and Enggass (2009) contend, in their book
“Linking Architecture and Education: Sustainable Design for
Learning Environments”, that designing learning environ-
ments has always been a big challenge for designers, as the
client (owner) in most cases is unaware of the users’ re-
quirements. Such requirements accordingly do not make it
into the design plan and program. Most of the designs rely
on the standard vision of learning environments and do not
upgrade the norm, to the detriment of the users. This keeps
the issues and side-effects of the design affecting the users.
Users of the space seek some understanding for their needs
of fresh functional spaces to help them improve and promote
their performance; as well as avoid the negativity they occa-
sionally feel in such space. Recently this had become the
concern of researchers, especially designers, to create a link
and state a role to help the understanding from both sides.
As the main customer interacting with the designers is the
owner and not the user (as with most commercial buildings),
this explains the conflict of needs. The following tables
summarize the issue and the suggested model for school

design:
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This conflict misleads the designers and results in de-

signs that neglect the major need and focus instead on minor

needs. Hopefully this issue is now of concern to researchers

from both sides: designers and academics (users).

In this

study the elementary schools lighting aspect will be studied

along with its impacts on students. Children are the users

most affected by their learning environment in different ways.

Sustainable effective lighting will be suggested for the best

impact on children in their learning environments.

Table 1-1: Suggested Model for School Design (Taylor and Eng-

gass, 2009).

The Informed Learning Environment:
Combining Architecture and Education to

Create a Model for School Design

Architecture

Education

Natural

School playgrounds
function as community
parks, nature trails,
fitness courses,
gardens, z00s,
habitats, weather
stations, and places
for experimentation.

Students perform site
analysis as curriculum
for understanding

the life zone: climate,
topography, plant and
animal life, water, etc.
Landscape architecture
of the playground
becomes a learning
tool. Students collect
data for the architect.

Summary of The Learning

Unifying Concept

Landscape

Built

Building systems teach
through structural
clarity, or “legibility”
as described by Lynch
(1993). The curriculum
determines the design
of the architecture.

Behind every object
is an idea or concept.
Learners “read” physical
objects and translate
them into ideas.
Thus, architecture

is pedagogy.

Physical elements

or manifestations

in the environment
act as visual cues or
prompts for learning.

The Three-
Dimensional
Textbook

Cultural

Design ideas from
cultural institutions
are applied to school
design: museums,
galleries, plazas,
health centers,

local ethnicity and
style, the workplace,
families, and homes.
The studio learning
model, experiential
learning, and design
education are borrowed
from architecture as
teaching tools. The
entire process of
learning is visually and
verbally documented.
Performance is
critiqued and
assessed in more
depth than testing
alone can provide.

The Design Studio
for Project-Based
Learning
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Table 1-2: Holistic Goals of Educational Facility Design (Taylor and
Enggass, 2009).

Holistic Goals of Educational Facility Design

Goal of Education: Goal of Architecture (Vitruvius):
Reaching the whole learner Designing the whole building
Body (physical learning) Firmness (structure)
Mind (cognitive learning) Commaodity (function)
Spirit (emotional learning) Delight (beauty)

It is also useful to show the proposal guidance con-
cluded in the book for designing a proper sustainable learn-

ing environment:

Sustainability design potential
Investigate siting, wind power, and solar orientation of school for
maximum energy benefit.

» Provide systems for water harvesting and recycling.

» Design transitional spaces for learning, extensions
to classroom areas, or links to the outdoors such
as porches, patios, courtyards, decks, attached
greenhouses, animal pens, shade structures, weather
stations, planters, and water or sand areas.

» Design for agriculture and associated life skills.

» Create habitats for students to observe and
maintain, such as a wetlands area on the
playground, or preserve existing habitats.

» Design for student care and stewardship,
not just janitor employment.

» Use local materials and vernacular building
and landscaping (xeriscape) techniques.
» Follow LEED green design criteria to achieve certification.
Figure 1-2: Sustainability Design Potential (Taylor and Enggass,
2009).
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Statement of the Problem

1.2.1 Schoolchildren Performance and the Impact of the

Classroom Lighting

Dunn et al (1985) stated that the lighting does affect
the performance and behaviour of the schoolchildren despite
the difference of their preferences some prefer the bright
light and other prefer the low. This finding was also proved
in the literature review done by Martin (2006). Non-visual ef-
fects of the lighting on the schoolchildren were demonstrated
in the study of Hathaway (1995) reflecting the importance of
the lighting in the classrooms and its impacts on schoolchil-

dren.

As children spend almost half of their day in the class-
room (five to seven hours), it is important to apply the best
lighting settings in this environment to minimise negative im-
pacts on them as much as possible. In addition, the teach-
ers using the classroom are affected with the lighting as well
(Bruin-Hordijk and Groot, 2007). It is believed that for better
performance of learning and teaching in the classroom, bet-

ter lighting settings must be applied (Abramson et al, 2007).

This issue will be addressed in this study in the United
Arab Emirates. Recently the UAE focused on sustainability
and its different divisions. Huge organizations were founded
to help in terms of exploring and applying sustainability, such
as Estidama in 2007 and Masdar in 2006. One of the major
concerns is the construction of future schools complete with
improved environments for children that will attend them.

This emphasises the concept of sustainability and helps to
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introduce it to society. At the same time, it shows how im-
portant it is to address the issues in existing schools in order
to investigate them and find the proper solution from all the
major sides of sustainability, health, economic, and energy
that will be reflected on the users. This study should en-
courage researchers to explore and determine their concerns

in recent classroom design.

1.2.2 Traditional Lighting Used in the United Arab Emir-
ates

The standard artificial lighting that is used, in com-
mercial interiors in the world generally and the UAE specifi-
cally, is predominantly fluorescent white lighting with blue
wavelengths. Karcher et al (2009) describe how white light
is the norm and how because people are used to it, they
struggle to accept other lighting even if it is better for their
health. The discomfort of changing cultural lighting makes it
difficult to make people realise easily the negative direct or
indirect effects of white lighting, as well as the perceived pos-
itive effects of other lighting colours. This in turn makes it
harder on interior designers, especially lighting designers, to
introduce and convince people of the best lighting for them.

White lighting applies both economic and architectural
factors most of the time. The individual wellbeing factor is
not statistically applied according to most of the studies, but
is the standard lighting to be used for a long time. It is the
lighting designer’s responsibility to start introducing the suit-
able colour of light that will enhance the wellbeing factor.
The health impact has to be studied in depth for the colour of

the lighting to be used in the interior before it is applied. Fur-
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ther study is required in this field and there is no standard
colour that will match all the variables in different interiors
(Karcher et al, 2009).

1.3 Research Rationale

This research aims to explore different types of lighting set-
tings in different classrooms and their effects on students’ and
teachers’ performance. Such experiments will result in the desired
objectives and conclusions about lighting settings leading to rec-
ommendations regarding the future usage of lighting in classrooms.
This in turn will enhance related learning and teaching applications,

as well as:

- Point out the importance of the interior environment and its ele-
ments, especially light and colour.

- ldentify the impact of light and colour on health and perfor-
mance.

- Highlight the health issues on school children in the UAE that
can be related to misuse and/or interior pollution (especially
from lighting).

- Start experimental studies in the UAE related to lighting’s impact
on health and performance.

- Analyse the findings hoping to establish a form of guidance for
better lighting in elementary schools in the UAE.

- Recommend topics and issues that require further research.
1.4 Significance of the Study
This study is important as it is the first to be conducted in the

United Arab Emirates highlighting the impact of light on perfor-

mance and health. Health issues are a huge problem affecting
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schoolchildren, as will be explained in detail later in this paper, yet
different factors are causes. It is believed that if the findings are as
expected and demonstrate the relation between light and perfor-
mance, it will promote further improvement of interior environments

for schoolchildren along with the resultant health benefits.

Different interior elements were chosen for the experiment
environment in order to focus on the results regardless of other in-
terior elements. As the time frame is extensive, seasonal impact

will also be studied.

1.5 Thesis Outline

Introduction: The importance of the interior environment as in all
its elements, especially light and colour, is presented, along with
the impact of light. Lighting the interior environment is discussed
with focus on the learning environment. The conclusion defines the

traditional lighting in the United Arab Emirates.

Literature Review: The impact of lighting on human performance
and health is discussed in detail in this chapter through the findings
of previously published studies. As data is not available for the
UAE, the common diseases of lighting misuse and interior/lighting
pollution is addressed through published studies for schoolchildren
in the UAE to focus on and highlight the importance of appropriate
lighting design in elementary schools for better health and perfor-

mance of children. The chapter is concluded with the thesis outline.

Methodology: Different methodologies were addressed in previ-
ous studies of light and performance and health impacts, along with
their results. This led to selecting the method of this study, which
will be discussed with the framework. The external parameter that
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might affect the study and the model forms the conclusion of the
chapter.

The Experiment: The full detailed explanation of the experiment
that was conducted. Parameters, factors, set of locations, etc. will
be explored in details.

Analysis and Discussion: The results of the experiment and ana-
lyzed statistically and discussed along with referencing to previous
results from published studies and books for an enhanced under-

standing of the results.

Conclusion and Recommendations: Findings and final conclu-
sions from the analysis, results and discussion will be stated. Fur-

ther recommendations and needs will also be addressed.
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LITERATURE REVIEW

2.1 Power and the Importance of Light and Colour

The most significant interior elements are lighting and colour
as they have great impact on other elements and in creating the
overall atmosphere in the space (Ching and Binggeli, 2004). Ex-
amples of principle advantages include visual perception and ther-
apy, as well as disadvantages such as health hazards. The follow-

ing provides a straightforward explanation of these points:

2.1.1 Visual Perception

Perception depends mainly upon the availability of two
major factors: the human body and light. The human body
factor mainly consists of the eyes that furnish colour and
brightness sensation to brain, while the brain combines, or-
ders and interprets sensations from the eyes. Light includes
primary and secondary light sources. Daylight and artificial
light which illuminate the environment and space are the
primary light sources. On the other hand, any item that can
amend the light wave is considered a secondary light source
(weather, water vapor, dust, surrounding structures, louvers,
interior environment elements, among others) (Egan, 1983).
The aim of this study will be focusing on these two different
light sources for a better understanding of their importance

and impact.

Egan (1983) mentions how Johannes Purkinje in the
nineteenth century perceived the difference of brightness be-
tween blue and red flowers as per the lighting. Red flowers
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were brighter on sunny days, while blue flowers were bright-
er at dawn and dusk. This observation shows how the colour
of the light does affect vision and how vision differs between
day and night, summer and winter. This should be taken into
consideration when applying artificial light in order to be a
very well studied compliment to achieve a suitably illuminat-

ed interior environment for best results.

2.1.2 Therapy

The power of colour was known and used by ancient
civilizations in, for example, Egypt, Rome, Germany, China,
and Greece. There is no doubt that when people used to
spend most of their time outdoors in the natural light with the
varied combinations of colours, they were healthier. This re-
lationship between health and natural lighting and colour was
very well understood and people started to use light and col-
our in therapy by any means available (light, landscaping,
gems, flowers and plants, food) (Cumming, 2000). Each
colour has its own psychology, meaning and power that af-
fect physical health and mood in its own way, scientifically
according to its colour temperature. Understanding these
powerful effects guided the basics of the art of therapy and
healing by colour and light (Amber, 1983). Numerous stud-
ies are conducted in order to explore and understand these
therapies deeply and to discover their unique respective
benefits. Colour therapy, also called Chromotherapy, uses
both colour and light as tools, visuals, and suggestions to
enhance physical and mental health (Meola, 2005). Light
therapy (heliotherapy) focuses on natural or artificial light
(different levels of laser, infrared, ultraviolet, red light, blue

light, and so forth) on the body or specific areas or organs
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through specialised devices. This latter type of therapy is ef-
fective in improving pain management, controlling hair
growth and healing skin and wounds, as well as other dis-
eases (Friedman et al, 2009). For example, blue light was
proved to be advantageous in treating sleep disorders, jet
lag, seasonal affective disorder, and premenstrual syndrome,

when applied with special equipment (Holzman, 2010).

We are exposed daily to light and colour in the interior
environment (commercial and residential), and with long pe-
riods of exposure we should take into consideration the
powerful accumulative effects on our health, energy, mood
and performance. Therefore, designers ought to be aware of
how important it is to apply the correct light and colour into
the interior environment to elicit the best health and perfor-

mance of the users and occupants.

2.1.3 Health Hazards

Studies prove that light pollution is one of the major
and most serious hazards for human health. Lighting can be
a chief cause of Volatile Organic Compounds (VOCS) in the
interior environment as most of the lighting solutions applied
interact with other elements in the atmosphere. If these solu-
tions were to be applied without appropriate study of the in-
teractions that might happen with the elements in the interior
environment and atmosphere, this could lead to indoor pollu-
tion, with a harmful impact on health, performance and vision
(Jones, 2008).

Lighting type and colour, if not applied properly, is a

health hazard. Holzman (2010) describes how a study con-
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ducted in 1958 showed the great power of blue light in affect-
ing the circadian rhythms. This study unfortunately was not
taken into consideration when blue light was introduced as
the best artificial light for different interior environments, even
residential, rather than trying to imitate the daylight, which is
the best lighting for us. Blue light is very powerful, and can
therefore become a health hazard if exposed to it for long

periods of time without proper study.

It is believed that the misusage of interior lighting and
exposure to its radiation does harm the skin as well as the
visual and circadian systems. Light radiation (ultra-violet and
infra-red) distresses tissues of the human body. Depending
on the exposure length and strength, this effect might be
healed or evolved into different kinds of cancer, breast can-
cer in particular. On the other hand, light disturbs the visual
system, causing visual discomfort that can lead to eyestrain
and migraine. When the circadian system is affected by
light, the sleep/wake cycle is the major impact. This study
and results demonstrated the strong relation between light
and any disease relying on the visual or circadian systems or
both, such as Seasonally Affective Disorder (SAD), Alz-
heimer’s, multiple sclerosis, diabetes, vitamin D and calcium
metabolism (affecting teeth and bones), tuberculosis, and

many forms of cancer (Boyce, 2010).

Performance and Light

It is obvious to researchers now that the power of light does

exceed vision. This power is reflected upon our mood, behavior,

performance and health (Boyce, 2004).
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Heschong et al (2002) found in their observations the need
and importance of daylight in interior space via windows and sky-
lights for better results for students in their exams and evaluations.
Another study also reported the importance of daylight for workers
to focus on their tasks and waste less time with chatting and phone
calls compared to other workers, highlighting the beneficial impact
of bright light in winter (Figueiro et al, 2002). Tonello (2004) was
also successful in proving that mood and performance are affected
by lighting through his experiment, underlining the negative impact
of darkness on both mood and performance, although seasonal ef-

fects were not reported.

Giving the participant control over light led to rundown and
slow performance compared to the performance of participants
without control on inspiration tasks (Veitch and Gifford, 1996).
Newsham et al (2004) also in their experiment concluded this im-
provement on performance when users were given control of their
lighting, although this experiment was only for one day. Controlling
the light aids concentration on the task and therefore better perfor-
mance, but Boyce et al (2006) were not able to make further rela-
tion between mood and controllable lighting. With different based
analysis done for the same experiment of Boyce et al (2006) by Ve-
itch et al (2008), workers with high quality lighting were found to
have better performance and health by the end of the experiment,
and this stated that lighting quality does enhance users’ perfor-
mance and health (Veitch et al, 2008).

In Juslén and Tenner’s (2007) experiment the importance of
daylight in the factory was reflected on the better performance of
the worker, although the controlled task light was needed to adjust
the lack or excess of daylight.
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In 2001 Veitch published an informative review of psycholo-
gy and lighting. Accordingly, a conceptual diagram relating lighting
with the individual process and outcomes was carried out. Light
engineers and designers do rely on superficial control, notice and
interest, environmental assessment, and influence for the psycho-
logical processes. In this model the psychological processes were
stated along with the psychobiological processes, as the studies
showed the importance of both in order to recommend further ex-
periments and studies to be done to explore the psychological pro-
cesses and effects. This was designed to reach a proper under-
standing of the responsible factors and to direct lighting engineers
and designers to the correct path for better spaces for health and
performance (Knez, 1995; Veitch and Gifford 1996; Veitch, 2001).

Workplace
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Home
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Individual
Differences.

Psychobiological Processes
Visibility
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Figure 2-1: Conceptual model showing relationships between lighting
conditions, individual processes, and individual outcomes (Veitch, 2001).

Veitch et al (2007) in an experimental study proposed a map
of the effects and relations expected to link lighting with health, per-
formance, mood, visual comfort and motivation (Figure 2-2). Two

experiments were planned accordingly along with the tasks and
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questions that the workers were asked to fulfill. Controlled and

non-controlled lighting were designed in the space.
Figure 2-2: Proposed Linked Mechanisms Map (Veitch et al, 2007).

Personal 2l Luminous Non-task Surface
Control 1 Conditions Brightness
Visual
Appraisal Visual Comfort
Capabilities

Preference \ 4
Competence
Mood (Affect) *
Motivation
h 4
Health and P| Task Performance

Well-Being

Analyzed results were finalized in the map (Figure 2-3). The
clear and direct relation was in the order of Appraisal, Preference,
Mood and Health, and Wellbeing, from both experiments’ infor-
mation. The types of tasks were normal typing and reading, and
this might be why Visual Capabilities along with Task Performance
did not confirm the same relation, although the typing task with little

visual capabilities scored poor performance (Veitch et al, 2007).

Links between the two paths did not work as expected. Visu-
al comfort and visual capabilities were unrelated here, likely
because most people experienced high visual comfort. There
was an unexpected negative relationship between prefer-
ence and motivation that we cannot explain; however, moti-
vation did positively predict several types of task perfor-
mance. These relationships were mostly small to medium in

size.
(Veitch et al, 2007).
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These results were edited (Figure 2-2) to produce a final map (Fig-
ure 2-3).
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Figure 2-3: Final Linked Mechanism Map (Veitch et al, 2007).

2.3 Health Issues of Schoolchildren in the United

Arab Emirates

Various studies were developed to prove that suitable light-
ing in the classroom plays a vital task in students’ and teachers’
performance (Erwine and Heschong, 2002). Some studies have
supported the view that suitable lighting in the classroom (especial-
ly daylight) may have a positive impact on student performance and
even health (Heschong et al, 2002). Other studies indicated that
lighting developed encouraged better attendance, performance,
and intensification on the part of the students (Hathaway, 1992).
Heschong et al (2002) argue that there is no relation between light-

ing and student attendance.

Moving on with the topic, some researchers made remarka-
ble steps and informative theoretical reviews to help expand further
research topics and methodologies (Veitch, 2001a; 2001b; 2005).
On the other hand, Bruin-Hordijik and Groot (2007) developed “The
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electric lighting concept” for the classroom, which produces a light-
ing design model taking into consideration the different errands of
both students and teachers for better learning and teaching. De-
spite all the research, questions regarding the indirect lighting im-
pacts on students, the best lighting design guidance and other,
have yet to be comprehensively answered. Most of the research
recommends further research be carried out (Veitch et al, 2008),
and lighting research is required in “areas where lighting operates
on mood and behavior through the ‘message’ it sends and on
health and task performance through the circadian system” (Boyce,
2004).

No data or studies found about lighting and performance in
the United Arab Emirates, or classroom lighting and performance or
health of students and/or teachers (through the search on Google
Scholar directly or cited on any other studies) has been encoun-
tered. Therefore, the common health issues to be related to the
misuse of lighting and performance and attendance of school chil-
dren in UAE have instead been selected. Some of these studies
were conducted in one emirate, with others covering more than

one, and occasionally all seven emirates.

Statistical information of diseases in Dubai city in the UAE
was ready for the use in this study. Unfortunately they were not de-
tailed as per age or school clinics, but show the indications of ratios

of the diseases.

Successive studies have been carried out regarding health
issues of schoolchildren in the UAE to focus on this great issue in
order to enhance their health and performance, but more need to
be done. Unfortunately, some important studies were done focus-

ing on major health issues, but none for a better understanding of


http://www.scholar.google.com/

"35p

the topic. Some studies focus on the factors in an attempt to rec-
ommend powerful and immediate solutions. Others show the im-
portance and need for looking into these issues and the urge to re-
solve them. It is interesting that the factors that were discussed to
be the reasons varied between genetic, weather, outdoor pollution,

and more. However, indoor pollution was related to domestic envi-
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ronments, not classrooms, in most studies (Yeatts et al, 2012).

Table 2-1: Patients at Government Hospitals

( http://dsc.gov.ae/Publication/SYB_2010.pdf)
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Table 2-2: Patients at Medial Private Sector Hospitals

( http://dsc.gov.ae/Publication/SYB_2010.pdf)
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(2009-2010)
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Most of the above diseases and symptoms can be related to

different factors, but can be strongly related to the misuse of lighting
Although McColl and Veitch (2001) didn’t im-

prove the positive relation in their study. The focus on these find-

(Hathaway 1994).

ings is to emphasize the need and importance of this study and to

recommend further studies to be done in a bid to reduce and poten-

tially eradicate such health issues for schoolchildren in the UAE.
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2.3.1 Sick Building Syndrome

Gibson et al (2013) state that indoor air quality is the
second most prolific cause of diseases that lead to death in
the United Arab Emirates. The study was conducted among
residential and commercial interiors. This assures the im-
portance of the research and analysis of the preliminary
schools in the UAE and the impact on health and perfor-
mance of the children there. Al Sallal (2010) recommends a
better design for elementary schools in the UAE for improved
visual performance after his findings of the misuse of daylight
in his analysis of the elementary schools lead to discomfort
and affected the children’s performance. On the other hand,
the study conducted by Behzadi and Fadeyi (2012) in four
different elementary schools in Dubai city concluded that:

The majority of the environmental parameters exceed
recommended threshold limits provided by cogni-
zance authorities. This study is important because it
shows the need for monitoring (a practice which is
non-existing) IAQ conditions seriously in UAE elemen-
tary schools.

(Behzadi and Fadeyi, 2012).

2.3.2 Headache and Migraine

It was difficult to find data about headaches and mi-
graines in schoolchildren in the UAE. This field consists of
only one study which was conducted in the academic year
1995-1996 and published in 1998 (Bener et al, 1998). The
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results can be summarized in the following two tables as the

findings and possible factors:

Table 2-3: Study Results (Bener et al, 1998).

City Headache % Migraine %
Al-Ain 37.8 3.6
Dubai 384 41
Sharjah 345 3.7

TABLE 2.  Comparison variables between children with headache and
those without headache.

Variable Children with  Children without P-value
headache headache
N=428 N=731
Family problems 78 (18.2%) 78 (10.7%) 0.0003
School problems 97 (22.7%) 103 (14.1%) 0.0002
Parent(s) often 196 (46.2%) 479 (68 .9%) 0.0001

complaining of
headaches

This study was cited in other different studies made in
Riyadh (Saudi Arabia), Doha (Qatar) and Shizan (Iran). Un-
fortunately, no study was made in the UAE apart from a fol-
low-up from Bener et al (2000) exploring a huge increases
up to 13.7% in migraines in children, while headaches
stayed in the range of 36.9%. No clear vision of the reasons
that were related to environmental, genetic, psychological

and social factors has been mentioned (Bener et al, 2000).

2.3.3 Asthma and Wheezing

In 1994 Bener et al found that asthma is a long-lasting
disease among primary school children in the UAE (Al Ain
City). In the survey that took place in the academic year
1991-1992 in 30 different primary schools (15 boys and 15
girls), 8.1% of boys and 5.4% of girls were reported asth-

matic, causing the absence of 4.9% of students for a mini-
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mum of a day in the academic year (62% of the asthmatic
boys and 72% asthmatic girls). Absences varied between
gender and season, with boys’ absence 42% in spring and

26% in autumn, and girls 45% in spring and 22% in autumn.

A study investigating the genetic asthma and allergies
in primary school children from October 1992 to May 1993
was conducted by Abdulrazzaq et al (1994), which strongly
concluded the relation between asthmatic children and their
asthmatic parents (mother, father, or both) with a higher ratio
coming from the mother’s side. An expanded study amongst
schoolchildren of primary schools throughout the UAE by Al
Maskari et al (2000) focused on asthma and respiratory indi-
cators. Using the International Study of Asthma and Aller-
gies in Childhood (ISAAC) questionnaires, the results stated
the hazard of asthma on schoolchildren is huge in all seven
emirates and increasing, pointing out that parental asthma is
not the principal cause. Results of the children were: asthma
13%, wheezing 15.6%, coughing 21%, eczema 11% and hay
fever 14.9%.

The uncontrolled increase of asthma percentages
among UAE residents is the issue of concern in Mahboub’s
(2012) research, recommending further studies be conduct-
ed in order to find the factors and work on reducing these
percentages for better health. Further study was conducted
emphasising the impact of asthma on academic performance
of children, especially with lack of proper care. Revel and
Baynouna (2012) similarly recommends further studies and

better care in order to achieve better academic performance.
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2.3.4 Vitamin D and Calcium Metabolism

The importance of vitamin D and calcium for human
health is a worldwide issue, especially in children. This im-
portance affects their bones, teeth and brain growth. The
lack of vitamin D was found very common in school children
in Al Ain city, especially in girls (Muhairi et al, 2013). Rajah
et al (2012) found 37% of 183 children facing the lack of vit-
amin D in the UAE. These facts should be highlighted less
to resolve the issue in the children rather than describe the
supplement as the cure.

2.4 Research Question

Exploring the impact of different types of lighting in the class-
room on teachers’ and students’ performance is the aim of the de-
veloped research plan in this study. In order to establish “which
type of lighting might be helpful for improving the learning and
teaching environment in the classroom?” a study can be carried out
to compare the varied impacts of changeable lighting types in dif-
ferent classrooms, with clear consideration for the other variables

that will affect the results.

The study is predicted to feature different variables such as
lighting, users of the space and their tasks, and interior environment
elements among others. The appropriate techniqgues and method-
ology will be used with a view to creating further questions to be
studied in future research, ultimately establishing a concrete an-

swer for the research question.
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As such, the research question can be more detailed, fo-
cused and specific, with the objective of examining the relationship
between lighting in elementary schools in the United Arab Emirates
and the performance and health of the children (the users of the
space). As the experiment will be conducted for a whole academic
year, results are expected to be reasonable as sufficient time will
have passed to have had some noticeable impact on the children.
Previous similar experiments discussed earlier were day-long ex-
periments which crucially did not allow sufficient time to show a sig-
nificant impact. No huge changes will be made throughout in order
to keep the children in a consistent and healthier environment. If
any complaints are reported the experiment will be stopped and the
results taken for the period of time in which it was conducted (for
the safety of the children).

Therefore, this experiment is designed in order to test the
impact of different colour of lightings on the users’ performance, in
order to show lighting impacts on work performance, hoping to con-
clude a lighting scheme to be advised for less pollution and better
users’ performance in addition to be environmentally friendly. And
by that to have proper answer to the research question, along with
raising more topics for further research questions, studies, and ex-

periments.

2.5 Hypothesis of the Study

The health impacts of environmentally-friendly or energy sav-
ing varieties are not studied in depth in the applied artificial lighting.
It is believed that light does have both physical and psychological
impacts, so this experiment is designed to test the impact of differ-

ent types of lighting (cool and warm) with a view to establishing an
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advisable lighting scheme for less pollution and better user perfor-

mance, in addition to being environmentally friendly.

In order to monitor the research field, an observation and
experiment will be developed, with different classes of grade two in
two different schools (at least) selected. The interior environment
elements vary from one school to the other and will be kept the
same. The lighting setting will be kept in some classes as the exist-
ing used lighting (cool white) then changed to the suggested type
(warm light) and vice versa, along with the controlled daylight.
Lighting to be used are the existing cool white and the full spectrum
lighting (matching the daylight most closely - warm white). Lighting
covered and uncovered luminaries will stay the same for an im-
proved understanding and observation of dust assembling. With
these different lighting settings, the students and teachers will
spend the whole day through the whole academic year doing their
normal tasks. By the end of the academic year, teachers will fill out
a questionnaire about the experiment and lighting types. In addi-
tion, the students’ grade reports will be collected and analyzed by
the end of the academic year. These will be the collected evidence,

to go along with other observational data.

This approach will help collect the evidence from the natural
source, giving it more reliability, although controlling the variables in
the actual field is difficult and will affect the results of the repetition
of any part, giving different results. With such topics, the field moni-
toring approach would help collect more valuable and trustworthy

evidence.

This study is a step towards the awareness that has been
called for by the responsible people in charge of classroom design,

especially in elementary schools in the United Arab Emirates. It is
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not only aiming to further understanding of what is the best, most
environmentally friendly lighting to go along with the daylight in the
UAE in summer and winter, but also to show how important it is to
make sure of the tiny elements of lighting design (Gestalt Theory)
as per the changes that happen caused by the variables and ele-
ments of both indoor and outdoor space throughout the whole year.
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METHODOLOGY

3.1 Different Methods for Similar Studies

Researchers started to expand their perspective of lighting
impacts to involve biology, health and behavior since the mid-
1990s. With this rapid movement in lighting research, this is a re-
view of the basic issues and aspects that are required and the way
that might be transferred into application (Veitch, 2005).

Different research methods that were conducted in different
studies and research papers will be discussed to show how useful
they are for the topic, along with the range of settings and conclu-

sions.

3.1.1 Theoretical Review

Recently, a lot of researchers are adopting the new di-
rection in lighting research, exploring the impacts of lighting
on behavior, satisfaction, mood and performance (Boyce,
2004). Numerous scientific reviews were adopted on the
biological and psychological processes to enhance the un-
derstanding of these concepts in lighting research. Boyce
(2004) explains in his review the detailed process to relate it
with the lighting psychological and biological impacts is be-
lieved to help in more advanced studies in this field. Such
review help in demonstrating the relation between light and
bio-psychological process, theoretically hoping it will be ap-

plied in superior research in the near future (Veitch, 2001b).



(32]

Some reviews demonstrate and emphasise important
aspects for researchers to explore. It is a great help to have
such reviews and avoids repetition in research topics which
waste money and time. Such reviews are very informative,
clear and enlighten the way for further research (Veitch,
2005). There is a lot to be explored in the zones where light-
ing affects the mood, behavior, health and task performance
(Boyce, 2004).

Concluding the best lighting design for the bio-
psychological processes will be hard without a clear under-
standing of such processes. Therefore, informative and
comprehensive review is needed to provide a clear vision for
the type of hypothesis required for further lighting research.
Recommendations were given to enlarge the research effort
into the lighting impact on health and wellbeing from biolo-
gists, psychologists and lighting experts. With the urgent
need for these advanced studies, to reach a level of under-
standing equal to the understanding of visibility, such review
is a great help for researchers to choose the method of re-
search that will deal with any of the evidently explained top-
ics (Veitch, 2001b). This, if used in the correct manner, will
enrich the research and save valuable time and money (Ve-
itch, 2005).

3.1.2 Social Survey

Tonello (2004) developed a study for the influences of
the lighting (natural and artificial) and interior decoration on
one hand, and the workers’ mood and productivity on the
other. A questionnaire was designed and given to over 200

people working in open plan offices, closed offices and a fac-
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tory plant. The artificial lighting varied between Fluorescent
Lighting (in the offices) and Sodium Lighting (in the factory
plant) in addition to very limited natural lighting in some
spaces. The survey was taken five different times through-
out one year in order to obtain the seasonal effects, though
the study did not improve such effects of the seasonal varia-
tions in outdoor lighting on workers’ mood. However, the
emotional results showed the important effects of the interior
environment (lighting and decoration) on the workers’ mood,

especially in the darker seasons (Tonello, 2004).

The method demonstrated the impact of the interior
environment and lighting on workers’ mood, especially from
the psychological view, rather than the effect of seasonal tim-
ing. It also explored a slight connection between lighting and
mood. It is worthwhile to note that good lighting will improve

the emotional mood of a person (Tonello, 2004).

The Social Survey Method, which was applied in this
paper, is supposed to allow the researcher to control the pa-
rameters of the study, as most of them were set in the ques-
tionnaire in a way that will prove the hypothesis. Theoretical-
ly, this will build a large informative database of answers
(Tonello, 2004).

However, there are a number of issues that could be
problematic. The main issue is misunderstanding the ques-
tions, which leads to useless and incorrect answers. Also,
the questionnaire was seven to eight pages long, potentially
making it difficult to check if people are responding honestly
or if they were concentrating chiefly on the last pages.

Moreover, the questionnaire was set with some closed ques-
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tions and this may constrain the data, and the open ques-
tions will drop some of the results during the analysis pro-

cess and eliminate a richer range of responses.

In spite of these issues, the results garnered from the
study are helpful to continue the research in the same direc-
tion to explore and advanced findings in this topic, maybe by

applying different research methods.

3.1.3 Simulation (Computer Aided Software)

Simulation is one of the more recent approaches that
save money and time through creating a virtual study aiming
to propose a model to be followed. It is hoped such simulat-
ed solutions will be utilised in some studies to examine the

light impact in real interiors applying the suggested model.

One of the more tasking areas to apply good lighting
to is the classroom, and this is the main issue for this study.
To start with, the luminances and illuminances were evaluat-
ed in some built schools and developed into nine different
lighting design modules for classrooms. Using the light
simulation program, Desktop Radiance, comparisons were
developed between the nine different modules according to
the light act, taking the tasks of students and teachers in
classrooms into consideration. In a new concept for class-
room lighting (electronic lighting), good lighting can be real-
ized by mixing good daylight and good artificial light in a
studied way (simulating the results) that guarantees comfort
and improved performance for both students and teachers in

the classroom (Bruin-Hordijk and Groot, 2007).
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For the electric lighting concept the classroom zone is
preferably divided in two rows of three luminaries par-
allel to the window (Fig.2). They all have a daylight re-
sponsive control system which provides for the gen-
eral lighting. The blackboard zone has its own black-
board luminary. The blackboard luminary must be
switchable independent of the general lighting. For
user's ease the blackboard switch should be placed in
the neighborhood of the blackboard.

(Bruin-Hordijk and Groot, 2007: 8)

—
Blackboard: zone

Classropm zone

ow zone i Corridog Fone

Figure 3-1: Electric Lighting concept (Fig. 2 Bruin Hordjik and
Groot. 2007:8)

In a new direction of research, the light impact was
fixed and a solution to achieve it was studied. The new con-
cept that is introduced in this paper takes into consideration
the variable tasks of both students and teachers in the class-
room, as the classroom was divided into zones. This con-
cept is a good starting point for applying computer simulation
into the lighting impacts. The light applied through this con-
cept is believed to be a good lighting that will improve the
task performance for both users of the classroom, students
and teachers, and this will happen through simulating good
daylight and good artificial light in the classroom (Bruin-
Hordijk and Groot, 2007). Further application of computer
simulation is needed for improving the research of the light

impact on human performance.
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3.1.4 Observational

Some studies observe existing interiors and lighting
(daylight and artificial) and explore the impact of the lighting
on the users’ mood and performance. One study investigat-
ed whether there is any clear connection between daylight
and human performance. Three school sectors were chosen
for this study, with different programs, managerial and teach-
ing styles, building designs, and very different weather. Var-
iables were set for all sectors, including the age of school,
size of classroom, windows and skylights, population of
school and classroom, and classroom type. The collected
data was analyzed for the importance and influence of these
variables simultaneously. This statistical analysis lead to the
strong connection between daylight and students’ perfor-
mance: a result that is believed to be curried and applied in
other areas such as offices and workplaces (Heschong et al,
2002).

This observational study and the statistical analysis
that was used for the collected data (test scores) recognized
important consequences on human behavior of natural light.
Although the study did not conclusively offer any explana-
tions for such effects, it strongly related the importance of the
presence of windows and skylights in buildings in order to
supply daylight, to these positive effects on human perfor-
mance (Heschong et al, 2002). Such observational studies
can explore new findings that can provide details for use in

further research.
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Another study took place in the winter of 2001 for nine
weeks, comparing the types of behavior of workers who were
assigned to interior or windowed offices in order to conclude
a relation between productivity and lack of daylight (winter
timing). The study showed that workers in windowed offices
were concentrating more on work tasks, with less time wast-
ed on telephone calls or chatting with co-workers compared
to the workers in interior offices. The reason for these find-
ings is not explored, but the results are clear and proved
“that bright light during the day improves productivity during

winter months” (Figueiro et al, 2002).

This observational study was designed to experience
the relation between winter and productivity of workers in two
different types of offices (windowed or interior). The results
proved this relation as the workers in windowed offices were
concentrating on the tasks more than workers in the interior
offices. Although the study was not for circadian and per-
formance, the results concluded that daylight might influence
productivity in offices during the winter. Recommendations
of further studies for such relations were offered in the con-
clusion to look more into the impact of daylight (bright light)
and productivity (Figueiro et al, 2002).

3.1.5 Experimental

Conducting an experiment is a highly effective method
in research, although this requires time and money, but re-
sults can be easily performed in real life or rejected. Some
experiments recommend further studies or can set applied

solutions to enhance performance.
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A one day laboratory experiment with one-hundred-
and-eighteen contributors worked under one of four lighting
designs. No control of the light was provided until the latter
half of the afternoon, when all contributors were given indi-
vidual lighting control (dimming). The contributors’ partici-
pated in some virtual tasks in addition to completing ques-
tionnaires on varied topics such as mood, contentment and
distress. Questionnaire results recorded positive influences
after applying the lighting control on the mood, performance,
productivity, environmental and vision. Contributors who ap-
plied a lot of control on the lights recorded the biggest en-
hancement in their outcomes. On the other hand, those who
only slightly controlled their lights recorded no enhancement
in their outcomes. Therefore, it might be the application of
the controlled lighting rather than giving the control itself
which affected the performance. These results were not very
clear in the task performance side and, as such, further study
iIs recommended (Newsham et al, 2004).

The experiment successfully encountered a relation
between providing controlled lighting for individuals and their
task performance. The tasks were virtual and this variable
would affect the results, but the questionnaire added some
reality to the tasks. The time duration (one day) was meant
to be extended were there any kind of positive results, and
developed into a more detailed experiment (Newsham et al,
2004).

Two field simulation experiments were arranged in or-
der to study the illumination effect on workers’ performance
and health. The first experiment was carried out with four

types of lighting: (1) direct lighting, (2) (direct and indirect)
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lighting, in addition to individual control over (3) the desk
lamp and (4) workstation light. The second experiment only
included two types of lightings, both without any controlling
feature: (1) direct lighting and (2) (direct and indirect) lighting.
The study did not conclude a strong impact of such types of
lightings and performance of the workers, although it did
conclude that the controllable lighting facility increases moti-

vation and performance (Boyce et al, 2006).

Boyce et al (2006) report the results statistically be-
tween lighting adjustments and human performance, mood
and health. The study accordingly did not prove a strong
impact. Veitch et al (2008) report further analysis testing the
connected instruments by which lighting influences health,
mood and task-performance in these two experiments. This
concluded that workers identifying high quality office lighting
in their spaces displayed signs of better mood and health at
the end of the day. Workers preferred the control of direct
and indirect lighting, and a noticeable finding was that the
lighting circumstances that enhanced visibility also enhanced

task performance (Veitch et al, 2008).

Newsham et al (2008) set another laboratory experi-
ment for one-day to study the individual control on electrical
lighting in a day-lit office. Forty participants engaged the of-
fice laboratory which was glare-free and day-lit, and every
thirty minutes they were allowed to adjust the electrical light-
ing to their preferences. Before and after each adjustment,
the lighting readings were reported and an advanced and
professional digital camera was used to create luminance
maps. The experiment concluded a strong variation between

the existing illuminance of the desktop and the participant
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adjustments of lighting. This states that from the partici-
pants’ view, natural lighting is needed and might replace arti-

ficial lighting (Newsham et al, 2008).

As previous studies recommended new methodolo-
gies and aspects to be explored (Boyce 2004), Newsham et
al (2008) in this study investigate new techniques to obtain
new findings in the lighting research field. As the experiment,
despite the time limitations, proved most of its hypothesis,
this has to be motivating for other researchers to make more
advanced studies on the proved hypothesis. The experiment
contested that automatic lighting controls do not successfully
satisfy the needs of workers, and the energy output was re-
duced by 25% according to the adjustment done by the par-
ticipants (Newsham et al, 2008).

Another experiment was designed to study the differ-
ent lighting conditions in one area (skylight, daylight and
dimmable task lighting). The selected location was a lumi-
nary factory in France with a skylight in the hall, in which
dimmable task lighting was set up at six working places and
available for the workers to use anytime. The reported read-
ings were taken between winter 2004 and spring 2005, with
users completing a questionnaire form after the experiment
was done. It was concluded that the task lighting was used
when changes occur on the amount of daylight is (more or
less), and task performance. The users reported that the
task lighting improved their performance and wanted to keep

the task lighting in the space (Juslén and Tenner, 2007).

This study proved that in a day-lit work area the task

lighting was not used very frequently (except for during
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changes in the daylight intensity). On the other hand, it con-
cluded that the task controls the time and option of lighting,
as almost all of the workers used the task lighting and many
felt it helped them perform better. These findings encourage
the use of skylights in workspaces (Juslén and Tenner,
2007).

3.2 Research Method of the Study

The topic to be studied is evaluation and measuring of hu-
man performance under different types of light (warm and cool). As
human perform experiments anyway many variables are there to be
explored and studied. Among the different research methods pre-
sented earlier, the experimental research method is believed to be
the best method for this topic, as the other methods lack the neces-
sary control over the situation. In the experiments the cause and
effect can be better established, as well as the objectivity and accu-
racy measurement of the dependent variables. On the other hand,
in the field experiments, the sampling bias is avoided and the de-
mand characteristics minimized (Colorado State University, 2008).
Previous experiments are summarized to provide a form of guide-

lines in this study:

Table 3-1: Summery of Previous Experiments (Done by Author).
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The basic draft for the experiment plan that is determined from
these experiments is that the method ought to be field a year-long
observation in primary/elementary schools in the UAE, gauging
changes in task, performance, mood and health that could be the
result of changes in lighting. The variables are expected to include
artificial lighting (cool and warm, covered and uncovered luminar-

ies), students’ results, questionnaires, interior design of classrooms.

3.3 The Methodology Framework

Exploring the impact of different types of lighting settings in
the classroom on teachers’ and students’ performance is the aim of
this study. In order to acquire the knowledge of what type of light-
ing might be helpful for improving the learning and teaching envi-
ronment in the classroom, an experiment will be conducted to com-
pare the varied impacts of changeable lighting settings in different
classrooms, with a clear consideration for the other variables that

will be affecting the results.

The extensive list of predetermined variables in the experi-
ment includes: the lighting itself, both natural daylight through win-
dows and skylights, and artificial (cool and warm, along with cov-
ered and un-covered luminaries); users of the space (teachers and
students); important work areas (blackboard, teachers’ desks, stu-
dents’ desks, activity areas); interior environment elements (furni-
ture, colour, materials, finishes); teachers’ tasks (writing on
black/white board, reading from black/white board, talking to the
students, following up students’ work, preparing teaching material,
presentations); and students’ tasks (writing on black/white board,
reading from black/white board, class work (writing, reading, draw-
ing, paying attention to the teacher).



[44]

The study of these variables through usage of the appropri-
ate techniques and methodology is expected to create more ques-
tions to be studied in further research for their benefit and the re-
search question of this thesis: what type of lighting might be helpful
for improving the learning and teaching environment in the class-

room?

3.3.1 Duration of the Study

One academic year: it is believed that the longer the
exposure time, the clearer the results will be. Some experi-
ments proved the relation between performance and lighting
in one day, others garnered better results after a period of

several months.

3.3.2 Location of the Study

Elementary Schools in the United Arab Emirates have
been selected as the ideal locations for the study. The Cycle
One year group specifically has been chosen, as forty per-
cent of the total number of students in Dubai schools are in
cycle one ( ).
Other reasons for this decision include: the variety of the na-
ture of the users of the space (classroom), the teachers and
children; the interactive work frequently conducted between
teachers and students; long working days, typically of six to
nine hours, allow plenty of time for observation; student
evaluation is considered a normal process; numerous
schools in Dubai means that it is a straightforward process to
find similar environment used by different users for compari-

son purposes; various light impacts mentioned in other stud-


http://dsc.gov.ae/Publication/SYB_2010.pdf

(45]

ies are found in this cycle; previous evaluations would be
available if needed for comparison purposes; and the type of
work itself, in that leave must be reported as is not the norm

during term time.

3.3.3 Environment of the Study — the Classrooms

Different classrooms are required with the same cur-
riculum (British), grouped in two for comparison. The interior
is to be varied to assure that the results, if expected to be
better under certain lights, are not affected by the interior de-
sign and colour scheme. Slight changes may prove neces-
sary after analysis. The students will be seated in certain
places where they should remain for the duration of the ex-
periment for consistency purposes (as this will be recorded
and interfere in the results). Rotation time is done for each
pair of classrooms by semester (occasional rotation might be
required). Ventilation means have to be unique for all class-
rooms, or at least for similar classrooms in the same school
(when needed extras should be requested). Health issue re-
ports for both the students and their teachers from the school

clinic will be requested (if permission is granted).

3.3.4 Lighting (Cause)

The illumination in all classes should be noted down
whenever a rotation is placed in the classrooms. Lighting
specifications, direct or indirect (fixtures design, type, or any
required) will be recorded in the correct manner. Natural
lighting will be the main source of lighting which will be
shared in all classes in all rotations, while the artificial lighting
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will be the changeable parameter and variable in every rota-
tion (if possible).

Data Collection Methods (Effect)

Means and methods of evaluation: Observation

(walkthrough, photos, comments, etc.), site analysis, interviews

(with teachers, students, principals, supervisors, etc.), student

grade and behavioural reports, illumination measurements, and

guestionnaires.

3.4.1 Observing the Environment

Direct questionnaires regarding the environment and
its impact from teachers will be handed out, and reporting
and recording of any comments is intended. Additionally,
lighting reports (maintenance, life time, problems recorded,

technical) will be monitored.

3.4.2 Students’ Data and Grades

Students in elementary schools in the UAE (Cycle
One: grade two or three). Children are affected in their health
and performance (attendance). Therefore, it is important to
focus on them to try to improve their interior environment. As
they are known to be very sensitive to their surroundings,
changes in the environment can easily be reflected in their
grade reports, especially in the subjects that need real focus,
as well as their attendance and health. Yearly detailed re-
sults (oral, written, class work, etc.) in all subjects, especially
Science, Mathematics, Arabic or English (focusing on differ-
ent educational goals) will be requested and monitored. Also
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to be requested are: absence reports with official medical
excuses (if permitted); detailed behavioural reports (if permit-
ted); health records (if any issues are reported); parents’
monthly questionnaire about health, behaviour, mood of their
children (if permitted); and psychological questionnaires at
the beginning and end of the experiment (if permitted).

3.4.3 Teachers’ Data and Opinions

These will be gathered by means of the collection of
health records (if any issues are reported) and the occasion-
al questionnaire to be filled in by the teacher in the class-

room at end of class.

3.4.4 Resource Requirements

The main required resources are: appropriate schools
to act as the field of the study; teachers and students (hu-
man resources) to observe their performance as the sample
of study; equipment and workers (human resources) to apply
the different lighting settings in the classrooms; time for the
experiment and the analysis; human resources, as detailed
above, in addition to the experts in statistical and psycholog-
ical analysis (if possible and not affected by time and/or
money constraints); financial capital for lighting and other
expenses; and devices for recording, reporting, analysing,
and generally conducting the experiment and analysis. Fur-
thermore, extra resources might be needed according to
some developments in the plan, methodology, or other thus

far unforeseen circumstances.
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3.5 Data Analysis Procedures and Tools

- The main analysis method will be used is statistical. Though
psychological analysis (handwriting analysis, mood analysis, ten-
sion, etc.) is also desirable, the need for extra money, time, and
experts to do it makes it impractical. A comparison between the
performance of students and teachers under the different lighting
settings will be included in the analysis to help provide the reader
with a better understanding of the results. It is important here to
point out that what is expected from the analysis methods is not
an answer to the question. Instead it will be helpful if the analy-
sis provides a direction towards new questions that will in turn
lead to further study and a more detailed conclusion regarding
suitable lighting settings in the classroom to help learning and
teaching performance, as well as reduce health issues.

- Statistical analysis will be done and illustrated in tables and
charts for better understanding for both results of the teachers’
guestionnaires and the standard evaluations of the students.

- The results of the teachers’ questionnaires will be analysed to
show the health issues, behaviours during the day, impact of
lighting, and ventilation in the classrooms reported by the teach-
ers in each school and will be compared among the two experi-
mental schools along with the opinions of the teachers. All these
analysed information will be discussed.

- The results of the standard evaluations of the students will be
analysed and illustrated in tables and charts to show the changes
of the grades under the different lighting used in the experiment
(experimental and existing). Detailed analysis with reference to
the four major variables of the experiment: time, school, subject,
and gender to show the effect of lighting on their results (im-
proved, retracted, or neutral) under these different variables is il-

lustrated and discussed to show the effect of the lighting in use.
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All the results (of experimental and reference classes) will be
summarized in one table for better reading, easier comparison,
and thorough discussion. For better reading of the results per-
centages of the achievements will be addressed in tables for
each subject in all experimental classes.

- Psychological (if permitted and specialists available).

3.6 Summary of the Conceptual Planned Experiment
(Variables)

Table 3-2: Conceptual Summary of Variables (Done by the Author).

Setting of the variable

1 | Lighting Cause

Cool white alternatively with warm white in
l.a | School # 1
2 classrooms of grade 2

Cool white alternatively with warm white in

1.b | School # 2
2 classrooms of grade 2
School # o
l.c Natural lighting
land 2

2 | User of Space | The sample will be set as the following:

2.a | Teacher Same teachers in each school

Students in four different classes of grade
2.b | Students two will be facing the assigned artificial

lighting per semester

Lighting will be assigned according to the
layout applied in each classroom

Work Areas
3 (blackboard, teachers’ desks, students’

desks, activity areas)
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SN | Variable Setting of the variable

Interior Will be fixed — no changes will be applied,
4 | Environment | but varied in every school
Elements (Furniture, colour, materials, finishes, etc.)
c Performance | Effect
of users (teachers and students)
Tasks of _ ) _
5.a Collected evidence, questionnaire
Teachers
Tasks of . ' .
5.b Collected evidence, results in all subjects
Students
In one year the performance evidence will
. be collected twice (in December and June),
Duration of _ . .
6 . in each month the evidence will be collect-
Experiment ) _ _ )
ed daily for all the different subjects in the
four different classes.
Medical absence reports per year will be
collected, progress in the teaching plan,
7 Extra )
and any other related evidence for the best
evaluation of the lighting impacts

3.7 Research Boundaries of the Study

One academic-year-long experiment to be conducted in the

United Arab Emirates elementary schools in order to evaluate the

performance of students and opinions of teachers under different

artificial lighting settings (cool and warm, and covered and uncov-

ered), to devise suggestions for good light models to be implement-

ed in schools.

As the teachers and students are performing, the evidence

collected in the actual field will be more valuable and realistic than
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by other approaches. Since the human response can be difficult to
measure, the methodology has to be clearly applied to draw infer-
ences trying to offer an answer to the research question or perhaps
lead to further research questions. The collected evidence in this
approach will be statistically analyzed to clarify and conclude the
best lighting for best performance of both teachers and students. A
comparison between the performances under the different types of
lighting at different times of the year will be drawn to allow more re-
alistic inferences. Psychoanalysis will be very helpful to draw an-
other line of inferences, but this will require more money, time and

specialist psychologists (extra resources).

It is believed that the inferences drawn by these methodolo-
gies will lead to better lighting settings in classrooms that will in turn
help better performance in teaching and learning, or will open the

door to new questions for further detailed studies.
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THE EXPERIMENT

4.1 Designing the Experiment

The design of this experiment was devised from the literature
review explained earlier in chapter two and the methodology in
chapter three. Experiments with a similar goal of linking light to per-
formance were the major key, and evaluating the impact of lighting
colour and type on the performance of schoolchildren in the United
Arab Emirates is the goal of this experiment. Therefore, the exper-

iment is designed for classrooms in elementary schools in the UAE.

Earlier experiments varied in their duration, with some lasting
one day (Newsham et al, 2004; 2008), and being more detailed and
taking longer to complete. For example, Juslén and Tenner (2007)
spent around six months on their experiment. As the results of the
long-term experiments were more clear and reliable, this experi-
ment was designed for a whole academic year, aiming for better
reading of the results and rich discussion, especially with regard to
the seasonal effects aspect, as the schoolchildren and teachers will
be exposed to the lighting for enough time to be affected and reflect
this in their performance. Also, the results will be ready for collec-
tion by the end of the academic year to be analyzed, reflecting the

exposure of the different types of lighting.

The classroom environments are expected to have different
interiors in every school. One school will feature colourful interiors,
while the other will have neutral interiors. Different desks distribu-
tion is expected in both schools. The interiors will be kept the same
without any changes, except for the lighting. This will reduce the
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impact of the interior environment and emphasize the impact of the
lighting in the analysis (Ching and Binggeli, 2004; Jones, 2008).

As other experiments focused on the systematic lighting
(controlled, task, dimmable) this study will focus on the colour of the
lighting. The existing lighting that is used in most of the commercial
areas in the UAE, and especially in schools, is the fluorescent cool
white. Believing that daylight and its components does have the
better effects on humans in general, and children specifically, the
fluorescent warm white (imitating daylight) will be the suggested
lighting in the classrooms (Boyce, 2010; Holzman, 2010).

At the end of the experiment results will be collected in the
form of the students’ grade reports along with questionnaires that
will be designed and answered by the teachers. The nature of the
schoolchildren’s tasks and their grade reports by the end of every
semester is helpful as the evaluation is certified and reliable for this
study, and the schoolchildren will perform naturally. The question-
naire (Appendix A) is designed to focus on health issues, impact of
lighting, ventilation, issues in the classroom, and request the com-
ments and opinions of teachers. Itis a ‘yes or no’ along with scaled
‘one to five’ answered questions, along with additional space for

comments and opinions.

4.2 Observing the Environment of the Experiment

4.2.1 Location

Two different elementary schools in the emirate of
Sharjah permitted the experiment in their classrooms and will
be addressed as school-A and school-B in this paper, as one
of the schools asked not to be identified. School-A is located
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in the School Zone near Sharjah University, while school-B is
located behind Sharjah TV Station. The experiment took
place in the academic year 2009-2010 in cycle one (grade

two). Both schools follow the British curriculum.

A detailed climate study is attached (Appendix B) for
the emirate of Sharjah in the UAE for the academic year
2009/2010.
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Figure 4-1: School-A Location Map, School Zone near Sharjah Uni-
versity (Google-Maps).
(https://maps.google.com/maps?f=gandsource=s_gandhl=enandgeocode
=andabauth=5171d68bdRDfulfiTATO1BNW Axfr-
xWWD38andauthuser=0andg=American+University+of+Sharjah+-
+Sharjah+-
+United+Arab+Emiratesandaq=4andog=Sharjah+Universityandvps=5and
jsv=452candsll=25.345577,55.374527andsspn=0.111389,0.181618andv

psrc=0andnum=10andvector=1)


https://maps.google.com/maps?f=q&source=s_q&hl=en&geocode=&abauth=5171d68bdRDfu1fiTAT01BNWAxfr-xWWD38&authuser=0&q=American+University+of+Sharjah+-+Sharjah+-+United+Arab+Emirates&aq=4&oq=Sharjah+University&vps=5&jsv=452c&sll=25.345577,55.374527&sspn=0.111389,0.181618&vpsrc=0&num=10&vector=1
https://maps.google.com/maps?f=q&source=s_q&hl=en&geocode=&abauth=5171d68bdRDfu1fiTAT01BNWAxfr-xWWD38&authuser=0&q=American+University+of+Sharjah+-+Sharjah+-+United+Arab+Emirates&aq=4&oq=Sharjah+University&vps=5&jsv=452c&sll=25.345577,55.374527&sspn=0.111389,0.181618&vpsrc=0&num=10&vector=1
https://maps.google.com/maps?f=q&source=s_q&hl=en&geocode=&abauth=5171d68bdRDfu1fiTAT01BNWAxfr-xWWD38&authuser=0&q=American+University+of+Sharjah+-+Sharjah+-+United+Arab+Emirates&aq=4&oq=Sharjah+University&vps=5&jsv=452c&sll=25.345577,55.374527&sspn=0.111389,0.181618&vpsrc=0&num=10&vector=1
https://maps.google.com/maps?f=q&source=s_q&hl=en&geocode=&abauth=5171d68bdRDfu1fiTAT01BNWAxfr-xWWD38&authuser=0&q=American+University+of+Sharjah+-+Sharjah+-+United+Arab+Emirates&aq=4&oq=Sharjah+University&vps=5&jsv=452c&sll=25.345577,55.374527&sspn=0.111389,0.181618&vpsrc=0&num=10&vector=1
https://maps.google.com/maps?f=q&source=s_q&hl=en&geocode=&abauth=5171d68bdRDfu1fiTAT01BNWAxfr-xWWD38&authuser=0&q=American+University+of+Sharjah+-+Sharjah+-+United+Arab+Emirates&aq=4&oq=Sharjah+University&vps=5&jsv=452c&sll=25.345577,55.374527&sspn=0.111389,0.181618&vpsrc=0&num=10&vector=1
https://maps.google.com/maps?f=q&source=s_q&hl=en&geocode=&abauth=5171d68bdRDfu1fiTAT01BNWAxfr-xWWD38&authuser=0&q=American+University+of+Sharjah+-+Sharjah+-+United+Arab+Emirates&aq=4&oq=Sharjah+University&vps=5&jsv=452c&sll=25.345577,55.374527&sspn=0.111389,0.181618&vpsrc=0&num=10&vector=1
https://maps.google.com/maps?f=q&source=s_q&hl=en&geocode=&abauth=5171d68bdRDfu1fiTAT01BNWAxfr-xWWD38&authuser=0&q=American+University+of+Sharjah+-+Sharjah+-+United+Arab+Emirates&aq=4&oq=Sharjah+University&vps=5&jsv=452c&sll=25.345577,55.374527&sspn=0.111389,0.181618&vpsrc=0&num=10&vector=1
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Figure 4-2: School-B Location Map, Behind Sharjah TV Station
(Google-Maps).

(nttps://maps.google.com/maps?q=25.352268,+55.426605andnum=1and
sll=25.371929,55.410622andsspn=0.322831,0.512238andhl=arandie=U
TF8andll=25.353315,55.427227andspn=0.013651,0.01929andt=handz=

16andiwloc=near)

4.2.2 Interior Environment

The interior environment in school-A is colourful and
the desk distribution is clustered grouped. In school-B the in-
terior features a muted neutral colour scheme (beiges and
browns), with standard desk distribution facing the white-
board. In school-A the furniture plans of the classrooms Al
and A2 are different, as shown below. Conversely, in
school-B the furniture plan is standardized for all classrooms,
with both classrooms B1 and B2 sharing the same plan.

Air Conditioning (AC) units are also different in both
schools. In school-A the AC units are split units, while in
school-B the central system is employed.


https://maps.google.com/maps?q=25.352268,+55.426605&num=1&sll=25.371929,55.410622&sspn=0.322831,0.512238&hl=ar&ie=UTF8&ll=25.353315,55.427227&spn=0.013651,0.01929&t=h&z=16&iwloc=near
https://maps.google.com/maps?q=25.352268,+55.426605&num=1&sll=25.371929,55.410622&sspn=0.322831,0.512238&hl=ar&ie=UTF8&ll=25.353315,55.427227&spn=0.013651,0.01929&t=h&z=16&iwloc=near
https://maps.google.com/maps?q=25.352268,+55.426605&num=1&sll=25.371929,55.410622&sspn=0.322831,0.512238&hl=ar&ie=UTF8&ll=25.353315,55.427227&spn=0.013651,0.01929&t=h&z=16&iwloc=near
https://maps.google.com/maps?q=25.352268,+55.426605&num=1&sll=25.371929,55.410622&sspn=0.322831,0.512238&hl=ar&ie=UTF8&ll=25.353315,55.427227&spn=0.013651,0.01929&t=h&z=16&iwloc=near

Figure 4-3: School-A, Classroom Interiors - Colour Scheme (Taken
by the author).

Figure 4-4: School-B, Classroom Interiors - Colour Scheme (Taken
by the Author).
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Figure 4-5: School-A classroom Furniture Plan-Al (Drawn by the
Author).
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Figure 4-6: School-A classroom Furniture Plan-A2 (Drawn by the
Author).
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Figure 4-7: School-B classroom Furniture Plan-B1 and B2 (Drawn
by the Author).
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Figure 4-8: AC Units in School-A (Taken by the author).
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Figure 4-9: AC Units in School-B (Taken by the author).

Both schools maintained their respective interior envi-
ronment throughout the experiment. These variations ampli-
fy the impact of the lighting in the results and analysis, yet

minimize the impact of other factors in the interior.

4.2.3 Users of Space

In school-A every subject is taught by an individual
teacher. Some teachers are common for the two classes Al
and A2, making a total of ten different teachers. As for the
students, they are mixed boys and girls in the same class-
room. Each classroom has twenty students, making the total
of students in school-A forty. The nine different subjects that
are graded are Literacy, Mathematics, Science, Geography,
Arabic, Islamic Studies (for Muslim students only), Social

Studies, Physical Education, and French.
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In school-B the total of teachers for both classes Bl
and B2 is ten. Classrooms B1 and B2 are girls only. Class-
room Bl has 18 girls, while classroom B2 has 20 girls. This
makes the total of the students thirty-eight. There are eight
graded subjects and they are: Islamic Education (for Muslim
students only), Arabic, Social Studies, English, Mathematics,
Science, Activities, and Holy Quran. Further grades are giv-
en as reading, conversation and listening. This will help in
the analysis of the results. In addition, there are two other
classrooms in the school which are boys only. These clas-
ses are not included in the experiment but their grades will
be shown for reference. The classrooms are the same as B1
and B2 and the total of thirty-eight extra students’ results of
the boys (nineteen students in each classroom) will be ad-

dressed for reference.

Table 4-1: Summary of Participants (Done by the author).

Reference
Total | A1 | A2 | B1 | B2
B3 B4
Male 21 12 |9 0 0
Students 38 19 19
Female | 57 8 11 (18 |20 | O 0
Teachers Male 0 0 0 0 0 0 0
Female | 20 10 10
88 20 |30 |18 |20
Total 136 48 19 29

Table 4-2: Summary of size of sample - questionnaires (Done by the
author).

Total | School-A School-B

Male 0 0 0
Female | 20 10 10

Teachers

1 Questionnaire for each

Total |20 | 10 | 10
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Table 4-3;: Summary of size of sample - students’ results (Done by
the author).

Total | AL |AL|A2|A2|B1 |B2 Reference
M| F|M|F |F |F |B3 |B4
M M
Students 78 12 |8 9 11 |18 |20 |- -
Reference | 38 - - - - - - 19 19
Subjects 9 11
Experi- 108 | 72 | 81 | 99 | 198 | 220
778
ment
Reference 418 209 | 209
Total in
one Se- 1,196 360 418 418
mester
720 836
Total 2,392 836
1,556

4.2.4 Lighting Study

Existing lighting in both schools A and B consists of
both natural and artificial lighting. Natural lighting is kept as
it is in both schools, but the artificial lighting will be changed
alternatively from existing to the experimental lighting or vise

versa, as will be explained later.

Natural Lighting — Daylight Design

In school-A the classrooms are designed to allow in
daylight from two different sides facing each other, as shown
in figures 4-10 and 4-11. The classrooms are lit from the

north-west (NW) and south-east (SE) all year round.

A Sun Path Study for each classroom in school-A is
done for a better overall understanding of daylight position-

ing during the academic year. Classroom Al’s sun path
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study is shown in Figure 4-12, and Figure 4-13 shows the
sun path study for classroom A2.
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Figure 4-10: Classroom Al Allocation of Daylight Accesses (Drawn
by the author).

5

NW

Figure 4-11: Classroom A2 Allocation of Daylight Accesses (Drawn
by the author).
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Figure 4-12: School-A Classroom-Al Sun Path Study (Done by the
author).
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Figure 4-13: School-A Classroom-A2 Sun Path Study (Done by the
author).
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A glass door that leads to the school garden is located
in the classrooms as a way to link the interior with the exteri-
or (Figure 4-14). In both classrooms the daylight through the
glass doors can be controlled by light fabric blinds. In class-
room Al the glass door is located on the NW side (Figure 4-
10), while it is located on the SE side in classroom A2 (Fig-
ure 4-11).

On the other side facing the glass door, and to allow
more daylight into the classrooms, short raised windows can
be located (Figure 4-15). In classroom Al the windows are
located on the SE side (Figure 4-10), while in classroom A2
they are on the NW side (Figure 4-11).

Figure 4-14: Classrooms (Al and A2) Glass Door(Taken by the au-
thor).
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Figure 4-15: Classrooms (Al and A2) Short Raised Windows (Taken
by the author).

In school-B the classrooms are lit by natural light from
the NE all year round (Figure 4-16). Each classroom has
two large windows that allow the daylight from one side only,
facing another building (Figure 4-17). Thick fabric blinds are
available to control the daylight in both classrooms (Figure 4-
17).
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Figure 4-16: Classrooms B1 and B2 Allocation of Daylight Access
(Drawn by the author).
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Figure 4-17: Classrooms (B1 and B2) Allocation of Windows (Taken
by author).

The Sun Path Study for the classrooms in school-B is
done for a better overall understanding of the daylight during
the academic year. Both classrooms B1 and B2 share the

same sun path study, which is shown in Figure 4-18.

\ 120

Figure 4-18: School-B Classrooms (B1 and B2) Sun Path Study
(Done by the author).
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Artificial Lighting Design

In both schools (A and B) the same type of lighting is
used: fluorescent tubes of cool white. They both also have
white ceilings with ceiling fans in the classrooms. The only
control over the artificial lighting is the on/off switch. Figure
4-19 shows the colour temperature for the general lighting
and how different the cool lighting is from the warm in colour,
while Figure 4-20 shows how the modern fluorescent (warm
white fluorescent) is the closest colour to the natural light
summer noon where all colours are almost in the same

range (Karlen and Benya, 2004).

Color Temperature (Apparent Color of Scene)

1800K 2200K 2700K 000K 3500K 4700K S000K £500K 7S00K S000K  12000K 20000K
Red Very warm Warm Neutral Cool Cokd Very Cold Icy cold

Figure 4-19: Colour Temperature (Karlen and Benya, 2004).
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Real Light Sources

Huorescent "Cool White™ Modern Fluorescent "835" Incandescent (“TUngsten ) Natural Light Summer Noon
Green and yellow dominant, warm  All colors nearty equal, slignt Warm colors dominant, blues and All colors nearly equal,
tones subdued warmishness greens subdued slight blulshness

Figure 4-20: Real Light Sources (Karlen and Benya, 2004).

Cool White

4000 K
3000 K

the Experiment

Warm White

Figure 4-21: Fluorescent Tubes Used in
(www.osram.com).
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The distribution of lighting in both schools (A and B) is
symmetrical, as shown in the reflected ceiling plans below
(Figures 4-22, 4-23 and 4-24):

J'j _
i

Figure 4-22: School-A Reflected Ceiling Plan Al (Drawn by the au-
thor).
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Figure 4-23: School-A Reflected Ceiling Plan A2 (Drawn by the au-
thor).
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Figure 4-24: School-B Reflected Ceiling Plan-BlandB2 (Drawn by
the author).
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In school-A the luminaries are covered (Figure 4-25),

while in school-B the luminaries are opened (Figure 4-26).

Figure 4-25: School-A Covered Luminaries (Taken by the author).

Figure 4-26: School-B Opened Luminaries (Taken by the author).
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4.3 Details of the Experiment

The academic year in most schools in the UAE, including
school-A and school-B, consists of two semesters. The academic
year 2009/2010 commenced on 15 September and ended 13 June.

The vacation in between semesters was in February.

By the end of every semester evaluations take place and
grade reports are submitted to students. During each semester
some evaluations are made as well, but this experiment will depend
upon and collect only the major two evaluations at the end of each
respective semester. Therefore, the rotation pattern in our experi-
ment will focus on the first and second semesters. The experi-
mental classes were set with appropriate lighting before the begin-

ning of each semester.

On 1 September all fluorescent tubes in classrooms Al, A2,
B1, and B2 were replaced with brand new tubes for both the cool
white and warm white, in order to make sure that all the types of
lighting are uniform. The covered luminaries were opened and
cleaned thoroughly to compare the dust collection through the ex-

periment between the cool and warm white, to look for differences.

School-B

Classroom A2

Cool White
(existing)

Classroom Al

Warm White
(experimental)

Classroom B2

Warm White
(experimental)

Cool White
(existing)

School-A 9

Figure 4-27: First Semester Experiment Detailing (Drawn by the author).
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School-B

Classroom A2

Warm White
(experimental

Classroom Al

Cool White
(existing)

Classroom B2

Cool White
(existing)

Classroom B1

Warm White
(experimental)

Figure 4-28: Second Semester Experiment Detailing (Drawn by the author).

In the first semester classes Al and B2 had the experimental
lighting: warm white fluorescent tubes, while classes A2 and Bl
were left with their existing lighting: cool white. Alternatively on 20
February, classes Al and B2 had the cool white fluorescent tubes
and classes A2 and B1 had the warm white fluorescent tubes.

One week after the school term and the experiment began,
school-B reported that they will stop the experiment. Most of the
teachers teaching class B2 asked for changing the lighting, describ-
ing it as “annoying”. They complained that the classroom looks
“very yellow” in the morning, but in the afternoon it is bearable. The
next day after this issue was reported | went to check on the situa-
tion. The department director, the nurse and | had meetings with
the teachers and the children. The experiment was explained brief-
ly for the teachers. It turned out that no health issues were reported
and that it was only discomfort from the colour and the lack of the
brightness that the teachers were feeling in the morning. The nurse
checked the children and nothing extraordinary or negative was
discerned to stop the experiment. The director and the nurse sug-
gested keeping the experiment running for one more week and stop
it immediately if any complaint was received. After one week, none

was reported, and the teachers did not mind completing the exper-
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iment as they gradually became used to the experimental lighting.
Accordingly, the experiment was completed in school-B. School-A
was contacted to establish whether there were any complaints.
They response was that it was a “strange feeling” at the beginning,
but they got used to it and did not mind carrying on with the experi-

ment.

School-A reported that the covered luminaries with the ex-
perimental lighting were cleaned twice per semester, while the cov-
ered luminaries with the existing lighting were cleaned four times
over the same period. This may not be an accurate means of
measuring the dust collected from both lighting types, but neverthe-
less deserves to be mentioned and might be a topic of further re-
search.

Throughout the duration of the experiment no flicking was
reported except for one tube on 16 May in school-B. The tube was
replaced immediately.

The results were fully reported by 15 July from both schools
in the form of the questionnaires from the teachers along with the

grade reports of the students.

4.4 Summary of the Experiment

Table 4-4: Summary of Experiment (Done by the author).

School-A School-B

Sharjah: Sharjah:
Location School Zone, near Behind Sharjah TV
Sharjah University Station

Curriculum British British
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School-A

Circle One One
Grade Two Two
i Separated
Gender I\B/Icl>xzdwith irls Girls only
Y g Boys (reference)
Duration One academic year One academic year
2009/2010 2009/2010
Interior
Environment
Colourful Neutral

Color Scheme

Red, yellow and blue

Beiges and browns

Desk Aligned facing the
Distribution Clustered Groups white board
Air Split Units Central System
Conditioning P y
Users of Space
Teachers 10 10

38
Students 40 Plus 38 as reference
Total Number 98

of Participants

Plus 38 as reference

Teachers

20

Students

78
Plus 38 as reference

Subjects

11




Parameters
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Assessment

Twice a year

Twice a year

Size of Sample

20 Questionnaires
1,556 individual results

Plus 836 individual reference results

Questionnaires | 10 10
Total Students 720 836
Results Plus 836 reference
Existing
Lighting

Glass door with 2 large windows with
Natural blinds blinds

Raised windows NW

and SE NE

Covered Luminaries Open Luminaries
Artificial On/off C(_)ntrol On/off control

Cool white )

Cool white

Rotation Every Semester Every Semester
Pattern Twice a year Twice a year

Rotation Detail

Existing Lighting: Cool White
Experimental Lighting: Warm White

First Al: Experimental B1: Existing

Semester A2: Existing B2: Experimental

Second Al: Existing B1: Experimental

Semester A2: Experimental B2: Existing

Comments in . Annoying

Week One Strange feeling Very yellow

Reported Tube Flicking tube (16
None

Issues May), replaced

Results 15 July 15 July

Submission
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ANALYSIS AND DISCUSSION

5.1 Analysis of Teachers’ Questionnaires

One teacher in school-A reported suffering a migraine, and
one teacher in school-B reported hypothyroidism. Thirty percent of
the teachers in school-A believed that lighting does affect them and
their students negatively with migraines (Figure 5-1), while in
school-B fifty percent thought that the negative impact of lighting on

them is through discomfort and eyestrain (Figure 5-2).

School-A

LT

Negative Impact of Lighting

Health Issues

0%

20%

40% 60% 80%

100%

Health Issues

Negative Impact of Lighting

Hyes

1

3

HEno

9

7

Figure 5-1: School-A Teachers' Questionnaires Yes/No Questions (Done by

the author).

Negative Impact of Lighting

Health Issues

School-B

LT

0%

20%

40% 60% 80%

100%

Health Issues

Negative Impact of Lighting

M Yes

5

H No

5

Figure 5-2: School-B Teachers' Questionnaires Yes/No Questions (Done by

the author).
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The teachers’ behaviors during the day varied between

good, tired, and active in both schools — A and B as shown in Fig-
ures 5-3 and 5-4.

School-A
End-Day
Mid-Day
Early Morning
0% 20% 40% 60% 80% 100%
Early Morning Mid-Day End-Day

H Good 6 7 4

H Tired 3 2 6

m Active 1 1 0

Figure 5-3: School-A Teachers' Questionnaires Behavior During the Day
(Done by the author).

School-B
End-Day
Mid-Day
Early Morning
0% 20% 40% 60% 80% 100%
Early Morning Mid-Day End-Day

H Good 6 6 6

H Tired 0 1 3

W Active 4 3 1

Figure 5-4: School-B Teachers' Questionnaires Behavior During the Day
(Done by the author).

The ventilation in school-A, where the luminaries are covered

and the AC Systems are split units, was rated medium by six
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teachers. Half of the teachers considered the impact of lighting on

them to be medium, while the impact of lighting on students was

more valuable and reliable in their points of view, as four gave it

medium importance and another three gave it medium plus (Figure

5-5).

Impact of Lighting on Teachers

Impact of Lighting on Students

Ventilation in Classroom

School-A

E - B

0%

20% 40% 60% 80% 100%

Ventilation in Impact of Lighting on | Impact of Lighting on
Classroom Teachers Students
m 1 Poor 1 0 0
B 2 Medium - 1 2 2
m 3 Medium 6 5 4
H 4 Medium + 2 2 3
5 Excellent 0 1 1

Figure 5-5: School-A Teachers' Questionnaire - Ventilation, Impact of Light-

ing on Teachers and Students (Done by the author).

The teachers in school-B were more satisfied with the venti-

lation as four of them saw it as medium and another four excellent.

The opinion of the impact of lighting on teachers varied along all the

scale, with four votes for the top impact, while the lighting impact on

students scored four for medium and another four for medium plus

(Figure 5-6).
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School-B

Impact of Lighting on Students

Impact of Lighting on Teachers

Ventilation in Classroom 4

0% 20% 40% 60% 80% 100%

Ventilation in Impact of Lighting on | Impact of Lighting on
Classroom Teachers Students
m 1 Poor 0 2 0
M 2 Medium - 0 1 1
3 Medium 4 1 4
B 4 Medium + 2 2 4
5 Excellent 4 4 1

Figure 5-6: School-B Teachers' Questionnaire - Ventilation, Impact of Light-
ing on Teachers and Students (Done by the author).

Teachers’ issues in classrooms A1 and A2 were the storage
areas and the AC noise and smell that affected the circulated air,
while the issues in classrooms Bl and B2 consisted of the ventila-
tion and the lack of control over the AC.

The highest score of the health issues in the users of the
classroom was for “eye, nose, and throat irritation”, then cough and
allergy, while respiratory irritation and “sensation of dry mucous
membranes and skin” both had the same thirty percent score.
Headache and wheezing scored the least in the school-A question-
naire (Figure 5-7).
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School-A

Cough

Wheezing

Headaches

Sensation of Dry Mucous
Membranes and Skin

HYes

H No

Eye, Nose, and Throat Irritation

Allergy

Respiratory Irritation

0% 20% 40% 60% 80% 100%

Figure 5-7: School-A Teachers' Questionnaire - Health Issues (Done by the
author).

School-B

Cough

Wheezing

Headaches

Sensation of Dry Mucous o Yes

Membranes and Skin
B No

Eye, Nose, and Throat Irritation
Allergy

Respiratory Irritation

0% 20% 40% 60% 80% 100%

Figure 5-8: School-B Teachers' Questionnaire - Health Issues (Done by the
author).
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School-B reported only five votes: two for the “eye, nose, and
throat irritation”, another two for allergy, and one vote for cough
(Figure 5-8).

5.2 Analysis of Students’ Results — Number of Clas-

Ses

In order to analyze the results of the students in both
schools, the difference between the grades was calculated with ref-
erence to the grade under the experimental lighting. These results
were recorded in tables then shown in charts that will be illustrated
in this chapter as the general analysis for the students’ results. In
the charts the analyses of the grades are shown in three different
divisions: blue for improved (change > 0), red for retracted (change
< 0), and green for neutral (1- change = 0, and 2- Non Muslim Stu-
dents in Islamic Studies and this was used for school-A only). The
number of students will be indicated at the top of each bar. Each

class will be rated as per the majority of the subjects’ scores.

Detailed analysis will be shown depending on these results
with a variation of references: time, school, subject, and gender, in
order to clarify the results for more thorough findings and better dis-

cussion.

Table 5-1: Changes in Grades for Class Al (Done by the Author).

School-A Class A1 Changes in Grades

o

P = n ol et ©

5 |8 |EL|lg |mL|E |2 |8 |5 |¢©

8 c o = =] ) o S

o @ 83| © o2 & < o o> 9 L

n o Lo < num| 4 = (%)) Oa| W o

1 F NM -6 -5 -4 3 0 -2 -1 -1
2 M 2 -6 3 4 -5 0 2 2
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School-A Class A1 Changes in Grades

2 = > © :

s |2 |88lg |=8|F |2 |2 |5 |¢

o o 83| © 32| 2 s 3 ez o i

(9] O “ 0N < num — = (9] Oa| W o

3 M 5 2 -4 4 1 | 12 | -4 0 0
4 F 5 3 -1 2 4 5 -1 -2 0
5 M 2 5 3 -3 -2 3 3 -8 2
6 F | NM | -3 5 3 3 4 6 3 -3
7 M | NM | 2 1 2 8 8 5 3 1
8 F -2 -4 2 3 -3 -1 2 3 2
9 M | NM | 5 -3 5 -1 -8 7 -1 5
10 M | NM | 4 -2 7 2 6 2 0 2
11 M -3 3 5 2 -4 5 5 -1 3
12 M 4 3 3 2 0 14 3 6 0
13 F | NM | 1 | -10 | 2 4 7 6 5 -4
14 M 2 2 1 3 3 -8 3 6 -1
15 M -3 6 | -11 | 2 5 3 | 14 | 2 -1
16 F | NM | 1 7 2 -1 -1 5 2 -4
17 M 7 3 2 1 -1 3 1 2 2
18 F -3 -8 0 1 -3 2 5 2 3
19 M 4 6 9 5 5 3 -4 -1 2
20 F 5 0 -1 2 -2 5 3 6 1

Analysis of Class A1 Grades

H Improved M Retracted Neutral

Figure 5-9: Changes in Grades for Class Al (Done by the Author).

The overall score of class Al is retracted, as five out of nine

subjects scored retracted results. Four subjects had improved re-



(81]

sults (as Islamic Studies’ neutral results were for Non-Muslim stu-
dents as in table 5-1) and one subject had equal neutral with im-

proved scores (Figure 5-9).

As school-A is has mixed students in each of its classes Al
and A2, separated tables for females and males, along with the de-
tails charts, were conducted for enhanced analysis. While the clas-
ses in school-B are separated there is no need for further tables

and charts to be conducted.

Table 5-2: Changes in Grades for Class A1/ Female Students (Done by the
Author)

School-A Class A1 Changes in Female Grades

o
pd = 1% 0|l D Q I
s |8 |E82lg |=v2|& |2 |2 |5 |%B
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n (O] Lo | < nwil 3 = n Oa | o o
1 F NM -6 -5 -4 3 0 -2 -1 -1
4 F 5 3 -1 -2 4 -5 -1 -2 0
6 F NM -3 -5 3 3 4 -6 3 -3
8 F -2 -4 2 3 -3 -1 2 -3 -2
13 F NM 1 -10 2 4 7 -6 -5 -4
16 F NM 1 -7 -2 -1 -1 -5 2 -4
18 F -3 -8 0 1 -3 -2 -5 2 -3
20 F -5 0 -1 2 -2 -5 -3 -6 1
Analysis of Class A1 Female Grades
B Improved M Retracted Neutral
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Figure 5-10: Changes in Grades for Class Al / Female Students (Done by
the Author).
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Literacy is the only subject that improved in class Al female
students, and it is one of the three improved subjects in class Al.
Seven subjects were reported with retracted results, making the
female results of class Al retracted. Mathematics scored equal re-
sults between improved and retracted (Figure 5-10).

Table 5-3: Changes in Grades for Class Al / Male Students (Done by the
Author)

School-A Class A1 Changes in Male Grades

Z2 | = > @ :

& c |82|¢ c2lL | &= s e o | w

n (O] Lo | < nun| 4 = n Oa | o o

2 M 2 -6 3 4 1 -5 0 2 2
3 M -5 2 -4 4 1 -12 -4 0 0
5 M 2 -5 3 -3 -2 3 3 -8 2
7 M NM 2 -1 2 -8 -8 -5 -3 1
9 M NM -5 -3 -5 -1 -8 -7 -1 5
10 M NM 4 -2 7 2 6 2 0 2
11 M -3 -3 -5 2 -4 -5 -5 -1 3
12 M 4 -3 3 -2 0 14 3 -6 0
14 M 2 -2 1 -3 3 -8 -3 -6 -1
15 M -3 6 -11 2 5 -3 -14 2 -1
17 M 7 -3 2 1 -1 -3 1 2 2
19 M 4 6 -9 -5 5 -3 -4 -1 2

Analysis of Class A1 Male Grades
B Improved M Retracted Neutral
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Figure 5-11: Changes in Grades for Class Al / Male Students (Done by the
Author).
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The results of the male students in class Al are the same as
the results of class A1. Four improved and five retracted subjects

are the reported results of male students in class Al (Figure 5-11).

Table 5-4: Changes in Grades for Class A2 (Done by the Author).

School-A Class A2 Changes in Grades

2 = > ) .

5 |& |S2|S |82/2 |8 |g (828 |w

n o 20| < non| 4 = wn Oao | W o

1 F NM -5 3 -1 2 -1 3 1 -2
2 M -4 2 -1 -4 0 -1 -1 -1 1
3 F NM 2 -2 2 5 5 2 0 3
4 M 1 -1 -3 -1 5 -1 -1 -2 0
5 M NM ) 4 0 0 -4 5 9 -1
6 F 4 -9 0 ) 2 -6 1 -4 1
7 F NM -3 1 0 -1 1 1 1 2
8 M 7 -2 5 4 0 1 5 2 -3
9 M NM -5 11 ) -5 1 8 -2 2
10 M -4 2 10 9 10 -2 10 2 1
11 F NM 2 -4 0 -2 1 0 -7 0
12 M 8 3 7 0 -2 4 5 0 3
13 F NM -5 1 -2 0 4 5 -2 0
14 F -2 -4 3 0 1 1 3 3 1
15 F 5 -2 -5 1 2 -6 1 3 0
16 M -1 0 -2 -3 7 6 -2 -3 2
17 F 5 -1 2 5 5 -1 1 -6 -6
18 F 4 -9 -6 4 5 -1 0 0 0
19 F NM 1 10 0 -4 4 4 3 -8
20 M 2 4 -2 2 -5 -2 2 0 -1

Class A2, in contrast to class Al, had improved results in six
subjects (Islamic Studies (as neutral results were for NM students),
Social Studies, Literacy, Mathematics, Geography, and PE). Two
subjects had equal scores of improved with retracted: Science and
French. Arabic is the only subject that was retracted (Table 5-4 and
Figure 5-12).
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Class A2 was analyzed in detail along with class Al to show
the female and male students’ differences in progress (Tables 5-5
and 5-6, Figures 5-13 and 5-14).

Analysis of Class A2 Grades

H Improved M Retracted Neutral

Figure 5-12: Changes in Grades for Class A2 (Done by the Author).

Table 5-5: Changes in Grades for Class A2 / Female Students (Done by the
Author).

School-A Class A2 Changes in Female Grades
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1 F NM -5 3 -1 2 -1 3 1 -2
3 F NM 2 -2 2 5 5 2 0 3
6 F 4 -9 0 5 2 -6 1 -4 1
7 F NM -3 1 0 -1 1 1 1 2
11 F NM 2 -4 0 -2 1 0 -7 0
13 F NM -5 1 -2 0 4 5 -2 0
14 F -2 -4 3 0 1 1 3 3 1
15 F 5 -2 -5 1 2 -6 1 3 0
17 F 5 -1 2 5 5 -1 1 -6 -6
18 F 4 -9 -6 4 5 -1 0 0 0
19 F NM 1 10 0 -4 4 4 3 -8
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Female students in class A2 scored eight improved results
and one retracted in Arabic (Figure 5-13), which is concluded from

Table 5-5 and is better than the class A2 results.

Analysis of Class A2 Female Grades
B Improved M Retracted Neutral
10
9
8
7
6
5
4 -
3 -
2
1 -
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Figure 5-13: Changes in Grades for Class A2 / Female Students (Done by
the Author).

Male students in class A2 scored six improvements in Islam-
ic Studies, Arabic, Social Studies, Literacy, Geography, and PE.
Mathematics scored equal improved, retracted and neutral results,
while Science and French were retracted. These results are illus-
trated in Table 5-6 and Figure 5-14. Further detailed charts for
school-A are added in Appendix C.

Table 5-6: Changes in Grades for Class A2 (Male Students).

School-A Class A2 Changes in Male Grades
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2 M -4 2 -1 -4 0 -1 -1 -1 1
4 M 1 -1 -3 -1 5 -1 -1 -2 0
5 M NM 5 4 0 0 -4 5 9 -1
8 M 7 -2 5 4 0 1 5 2 -3
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School-A Class A2 Changes in Male Grades
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9 M NM -5 11 5 -5 1 8 -2 2
10 M -4 2 10 9 10 -2 10 2 1
12 M 8 3 7 0 -2 4 5 0 3
16 M -1 0 -2 -3 7 6 -2 -3 2
20 M 2 4 -2 2 -5 -2 2 0 -1
Analysis of Class A2 Male Grades
B Improved M Retracted Neutral
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Figure 5-14: Changes in Grades for Class A2 / Male Students (Done by the
Author).

In school-B the female classes B1 and B2 were involved in
the experiment while the male classes’ results were given as a plus

B3 and B4 for reference.

Class B1 improved in the results of Arabic, Social Studies,
Science, Holy Quran, Reading, Listening, and Conversation. Islam-
ic Studies was neutral in the changes. The retracted subjects were

English, Mathematics, and Activities.
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Table 5-7: Changes in Grades for Class B1 / Female (Done by the Author).

School-B Class B1 Changes in Grades
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Figure 5-15: Changes in Grades for Class B1 / Female (Done by the Au-

thor).
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Table 5-8: Changes in Grades for Class B2 / Female (Done by the Author).

School-B Class B2 Changes in Grades
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Figure 5-16: Changes in Grades for Class B2 / Female (Done by the Au-

thor).
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Class B2 had Islamic Studies, Arabic, English, Science,
Reading, Listening, and Conversation retracted. Mathematics and
Activities recorded improved results. Holy Quran had equal im-
proved with retracted results, but Social Studies had neutral results
(Table 5-8 and Figure 5-16).

Table 5-9: Changes in Grades for Class B3 — Second Semester / (Male)
Reference 1 (Done by the Author).

School-B Class B3 Changes in Grades
Second Semester (Reference 1)

2 o8l o _ |l = 3 ki < g 5
T |Eg|s |f5/5 |£ |8 |2 |>§ % |8 |28
& |28 % |38/ 0 |2 |3 |2 |28 & |3 |88
1 1 -2 1 1 -4 1 -3 3 -10 -3 5
2 1 -2 -1 -4 0 0 -10 4 3 0 7
3 -16 | -18 1 -3 -34 0 -6 -2 -6 -10 0
4 1 0 -1 -1 24 3 -4 1 0 0 0
5 -5 -12 1 -7 -31 0 -10 1 0 0 0
6 0 0 0 0 0 0 -1 -2 -8 0 2
7 18 30 1 -2 11 1 -1 9 5 -8 -3
8 -8 -15 2 -16 | -12 5 -9 0 0 2 0
9 -8 -14 -5 13 0 0 -4 -6 2 0 2
10 -1 -1 0 -1 -14 0 -7 1 0 0 0
11 0 0 0 1 -4 6 -5 0 -1 2 -5
12 0 1 1 1 -7 2 -1 4 -5 0 0
13 3 9 -1 1 6 -1 0 5 2 5 0
14 0 -1 0 12 -10 7 -4 1 -1 0 -5
15 -3 -6 -1 -8 -9 0 -10 -5 1 2 0
16 0 0 2 10 1 13 -2 3 -3 0 0
17 -4 -7 0 -9 -19 -13 -6 2 1 10 17
18 -1 -3 0 -4 -1 0 -1 1 -1 2 -5
19 25 25 -1 1 26 -2 -2 7 -5 0 0

The first reference class, B3, recorded six retracted results:
Islamic Studies, Arabic, English, Mathematics, Activities, and Read-
ing. Social Studies and Holy Quran reported improved results.
Science scored equal improved with neutral results. Listening and
Conversation had neutral changes in the results. These results are

displayed in Table 5-9 and Figure 5-17.
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Analysis of Class B3 Grades
Second Semester (Reference 1)

B Improved M Retracted Neutral
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Figure 5-17: Changes in Grades for Class B3 — Second Semester / (Male)
Reference 1 (Done by the Author).

The second reference class, B4, recorded five neutral
changes in results: Islamic Studies, Social Studies, Holy Quran, Lis-
tening and Conversation. Four retracted results were scored in
class B4 in Arabic, Mathematics, Activities, and Reading. Only two
subjects were improved: English and Science (Table 5-10 and Fig-
ure 5-18). Further detailed charts for school-B are added in Ap-
pendix D.

Table 5-10: Changes in Grades for Class B4 — Second Semester / (Male)
Reference 2 (Done by the Author).

School-B Class B4 Changes in Grades
Second Semester (Reference 2)

o % o

z o N _ 0| < 3 2 <4 £ =
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3 0 0 0 6 -2 5 0 2 0 0 0
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5 2 2 0 0 0 0 -1 0 5 5 2
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School-B Class B4 Changes in Grades

Second Semester (Reference 2)
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Figure 5-18:. Changes in Grades for Class B4 — Second Semester / (Male)

Reference 2 (Done by the Author).
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5.2.1 Analysis: Students’ Results - Time Reference

The time reference analysis depended on the sub-
jects’ results of experimental classes as per the rotation pat-
tern. Two semesters, first and second, and the experimental

lighting were alternatively placed in the classes.

In the first semester the experimental lighting was ap-
plied to classrooms Al and B2. The results of both class-
rooms were improvements in Mathematics and Activities
(PE). Additional improvements in class Al were recorded in
Islamic Studies and Literacy (Table 5-1 and Figure 5-9). On
the other hand, class B2 did not record any other improve-
ments, except in Holy Quran, where the improvement was

equal to the retraction (Table 5-8 and Figure 5-16).

lllustrated below in Table 5-11 is the analysis con-
cluded from Tables 5-1 and 5-8, along with Figures 5-9 and
5-16 to show the results of both classrooms Al and B2.

Table 5-11: Analysis - Time Reference — First Semester / Improved
() vs. Retracted (R) or Neutral (N) (Done by the author).
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In the second semester the experimental lighting was
applied to classrooms A2 and B1. Only Social Studies rec-
orded improvement in both classrooms in the second semes-
ter. All subjects in class A2 were improved apart from Ara-
bic. The results of class A2 of Science and French were im-
proved and retracted with the same percentage (Table 5-4
and Figure 5-12), while in class B1 all subjects were im-
proved except English, Mathematics and PE (Table 5-7 and
Figure 5-15).

The reference classes B3 and B4 did not record huge
improvements. Class B3 improved in three subjects (Social
Studies, Holy Quran, and Science — with equal neutral re-
sults), while English and Science were the subjects that were
improved in class B4. This shows how the experimental

classes had more improvement in the results (Table 5-12).

Table 5-12: Analysis - Time Reference — Second Semester / Im-
proved (l) vs. Retracted (R) or Neutral (N) (Done by the author).
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lllustrated in Table 5-12 is the analysis concluded
from Tables 5-4, 5-7, 5-9 and 5-10, along with Figures 5-12,
5-15, 5-17 and 5-18.

The major findings in the first semester analysis con-
cluded from Table 5-11 demonstrate that: an improvement is
not recognized in most of the subjects; Mathematics and Ac-
tivities are the improved subjects in both experimental clas-
ses; in class Al Literacy is improved along with Islamic Stud-
les, as neutral results are for Non-Muslim students; in class
B2 only Holy Quran scored improvement as much as neutral,
Social Studies in class B2 recorded neutral results; and the
rest of the subjects in both experimental classes, a total of

twelve, have retracted results.

In comparison, the major findings in the second se-
mester analysis concluded from Table 5-12 demonstrate
that: the improvement in the results is clearer than the first
semester in both classes A2 and B1; the reference classes
B3 and B4 experienced less improvement than the experi-
mental classes; Social Studies improved in both experi-
mental classes; one subject has retracted results in class A2,
Arabic, while three different subjects have retracted results in
class B1, English, Mathematics and Activities; Science and
French scored equal improved and retracted results; Islamic
Studies has equal neutral and improved results in class A2,
while it has the majority of neutral results in class B1; the rest
of the subjects, with the total of ten in both experimental
classes, A2 and B1, are improved; class B3 improved in So-
cial Studies, Holy Quran, and Science (with equal neutral re-
sults); Class B4 improved in English and Science and scored

neutral in Islamic Studies, Social Studies and Holy Quran;
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Listening and Conversation, scored neutral changes in re-
sults in both experimental classes B3 and B4; reference
class B3 recorded retracted results in Islamic Studies, Ara-
bic, English, Mathematics, Activities, and Reading; Arabic,
Mathematics, Activities and Reading had retracted scores in
class B4. Overall, the subjects that had the best results
among the four classes B1 and B2 (experimental) and B3

and B4 (reference), were Social Studies and Science.

5.2.2 Analysis: Students’ Results — School Reference

School-A had only two mixed classes for grade two
Al and A2, and both were involved in the experiment. The
experimental lighting was applied alternatively in both class-
rooms (Al: First Semester, A2: Second Semester). The re-
sults of both classrooms were improved under the experi-
mental lighting in Islamic Studies (as the N here refers to the
NM students as show in Tables 5-1 and 5-4), Literacy, Math-

ematics and PE. Arabic noticeably retracted in both classes.

Table 5-13: Analysis - School Reference / School-A / Improved (1)
vs. Retracted (R) or Neutral (N) (Done by the author).
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In class Al the four subjects (Social Studies, Science,
Geography and French) recorded retracted changes in the
students’ results. On the other hand, class A2 had further
clear documented improvements in Social Studies and Ge-
ography. Other improvements were realized, but with equal

retracted results for each of Science and French in class A2.

lllustrated in Table 5-13 is the analysis concluded
from Table 5-1 and Figure 5-9, along with Table 5-4 and Fig-
ure 5-12, to display the results of both classrooms Al and
A2.

Moving on to school-B in which four classes for grade
two were available: B1 and B2 for girls only, and B3 and B4
for boys only. Classes B1 and B2 were involved in the ex-
periment, while classes B3 and B4 were set as reference.
The experimental lighting was placed in class B1 in the se-
cond semester and in the first semester in class B2.

Under the experimental lighting, class B1 shows bet-
ter improvements than class B2. Seven subjects were im-
proved in class B1 (Arabic, Social Studies, Science, Holy
Quran, Reading, Listening, and Conversation), three retract-
ed (English, Mathematics and Activities) and one with neutral
results (Islamic Studies). Class B2 recorded three improve-
ments (Mathematics, Activities, and Holy Quran that had
equal results of retracted), seven retracted (Islamic Studies,
Arabic, English, Science, Reading, Listening, and Conversa-
tion), and one neutral (Social Studies). Holy Quran is the on-
ly subject that recorded improvement in both classes over

the same period (although the improvement in class B2 was
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equal to the retracted). English is the subject that was re-
tracted in both classes.

Table 5-14: Analysis - School Reference / School-B / Improved (1)
vs. Retracted (R) or Neutral (N) (Done by the author).

Analysis — School Reference / School-B
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The reference classes B3 and B4 in the same school
which are boys only, the opposite of classes B1 and B2, dis-
played a similar outcome to class B2 with more retracted and
neutral results, as opposed to class B1 which recorded more
improved results. Both reference classes shared the same
results in seven subjects (one improved, two neutral, and
four retracted). Science is the improved subject, although in
class B3 the improved results were equal to the neutral re-
sults. Listening and Conversation were the subjects that
were not scoring changes in most grades, and the retracted

subjects were Arabic, Mathematics, Activities and Reading.
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lllustrated in Table 5-14 is the analysis concluded
from Tables 5-7, 5-8, 5-9 and 5-10, along with Figures 5-15,
5-16, 5-17 and 5-18.

The major findings in school-A’s (classes Al and A2)
analysis concluded from Table 5-13 that: class A2 recorded
more improvements than class Al; four subjects are im-
proved in both classes (Islamic Studies, Literacy, Mathemat-
ics and PE); Arabic is retracted in both classes; In class Al
four subjects are retracted (Social Studies, Science, Geog-
raphy and French); and in class A2 Social Studies and Ge-
ography are improved, while Science and French are addi-

tionally improved along with equal retracted results.

The major findings in school-B’s (classes B1, B2, B3,
and B4) analysis concluded from Table 5-14 show that: class
B1 recorded more improvements than class B2; both the ex-
perimental classes B1 and B2 have improved in Holy Quran
(although improved and retracted results in class B2 are
equal) and are retracted in English; class B1 is improved in
Arabic, Social Studies, Science, Reading, Listening and
Conversation; Mathematics and Activities are retracted in
class B1, while Islamic Studies gathered neutral results;
class B2 is improved in Mathematics and Activities; the re-
tracted subjects in class B2 are (Arabic, Science, Reading,
Listening, and Conservation) the opposite of class Bl's re-
sults, along with Islamic Studies; Social Studies recorded
neutral results; reference classes do not show greater im-
provement than experimental classes; reference classes
both improved in Science (although in class B3 improved
equal neutral); class B3 is improved in Social Studies and

Holy Quran; English is improved in class B4; class B3 has
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more retracted results than class B4; Islamic Studies, Arabic,
English, Mathematics, Activities, and Reading have retracted
results in class B3; Arabic, Mathematics, Activities, and
Reading are retracted in class B4, Listening and Conversa-
tion are neutral in class B3; Islamic Studies, Social Studies,
Holy Quran, Listening and Conversation have neutral
changes in the results; and none of the subjects scored four
full improved or retracted among the four classes, although
some scored three out of four, and this will be discussed in
detail later in analysis by subject.

5.2.3 Analysis: Students’ Results — Subject Reference

In this analysis, the subjects’ results had been evalu-
ated among the four different experimental classes in both
schools A and B, with each subject scoring a final result of
improved, retracted or neutral and, in some cases, two equal

different scores.

Table 5-15 summarizes all the subjects’ results in a
more comprehensible manner for the analysis. Results of
experimental classes: class Al (Table 5-1 and Figure 5-9),
class A2 (Table 5-4 and Figure 5-12), class B1 (Table 5-7
and Figure 5-15), and class B2 (Table 5-8 and Figure 5-16).
Reference classes: class B3 (Table 5-9 and Figure 5-17),
class B4 (Table 5-10 and Figure 5-18).

Both schools had seven subjects in common (Islamic
Studies, Arabic, Social Studies, Literacy/English, Mathemat-
ics, Science, and Activities/PE). Four of these subjects
scored improved results. Mathematics and Activities/PE

scored improved results in three experimental classes and
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retracted results in one experimental class, while the two ref-
erence classes had retracted results. On the other hand, Is-
lamic Studies and Social Studies recoded two improved re-
sults in two experimental classes, one retracted and one
neutral result in the other two experimental classes. One
reference class was improved in Social Studies while the
other had neutral results, and for Islamic Studies one was re-

tracted and the other neutral.

Arabic was retracted in all the classes, experimental
and reference, except one experimental class that garnered
improved results. Science also scored retracted results, but
the reference classes had better results and improved equal
neutral. The results of Literacy/English were equally im-
proved and retracted in both experimental and reference

classes.

School-A taught two extra subjects, Geography and
French, with no reference scores to be compared, only two
experimental classes. One experimental class had improved
results while the other had retracted results for Geography.
On the other hand, French scored retracted results in one
class, and equal retracted and improved results in the other

class.

School-B had Holy Quran, Reading, Listening, and
Conversation as additional subjects. The results of these
subjects are reported for two experimental classes along with

two reference classes.
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Table 5-15: Analysis — Subject Reference / Improved (I) vs. Retract-
ed (R) or Neutral (N) (Done by the author).

Analysis — Subject Reference

vs. or
School-A School-B Total Scores = Reference
)
Subject &
AL | A2 |BL|B2| () |®|MN|E | B3| B4
i
I= 1=
Islamic Studies N R 2 1 1 | R N
N N
Arabic R R | R 1 3 0 R R R
Social Studies R | | N 2 1 1 | N
|=
Literacy/ English | R R 2 2 0 R |
R
Mathematics | R | 3 1 0 | R R
I= I=
Science R | R | 15 | 25 0 R |
R N
Activities/ PE | R | 3 1 0 | R R
|=
Geography R | 1 1 0
R
|I=
French R 05 | 15 0 R
R
|I=
Holy Quran | 15 | 05 0 | N
R
Reading | R 1 1 0 | R R R
Listening | R 1 1 0 | R N N
Conversation | R 1 1 0 R N N

Holy Quran was improved in the experimental clas-
ses, but had improved result in one reference class and neu-
tral in the other. Reading scored improved results in one ex-

perimental class and retracted in the other, while both refer-
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ence classes were retracted. Both Listening and Conversa-
tion shared the same results, the experimental classes had
one improved result and the other retracted, while reference

classes garnered neutral results.

The major findings as per analysis with subject refer-
ence concluded from Table 5-15 are: four common subjects
show improvement in results (Islamic Studies, Social Stud-
les, Mathematics, and Activities/PE), one subject (Litera-
cy/English) has equal improved with retracted results, and
two subjects (Arabic and Science) are retracted; Mathemat-
ics and Activities/PE record the most significant improvement
in the experimental classes (three out of four), while refer-
ence classes were retracted; Mathematics and Activities/PE
gained the same scores in both experimental and reference
classes; Islamic Studies has two improvements in experi-
mental classes and one retracted and one neutral in the oth-
er two experimental classes, reference classes also have
one retracted and one neutral; Social Studies also has two
improvements in the experimental classes with one neutral
and another retracted for the other two experimental classes,
while reference classes has one improved and one neutral
results; Literacy/English has two improved and two retracted
results in the experimental classes, while the reference clas-
ses have one retracted and one improved result; Science is
retracted in the experimental classes, but shows better re-
sults in reference classes: one improved and one improved
equal with neutral results; Arabic is retracted among all clas-
ses except one experimental class in which it is improved,;
extra subjects are Geography and French in school-A, the
results of two experimental classes only; Geography has one

improved result and one retracted; French is retracted in one
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class and has equal retracted with improved results in the
other; Holy Quran, Reading, Listening, and Conversation are
extra subjects in school-B, the results of two experimental
classes and two reference classes; Holy Quran is improved
in experimental classes and has one improved and one neu-
tral result in the reference classes; Reading has one im-
proved and one retracted result in the experimental classes,
while both reference classes are retracted; and Listening and
Conversation each have one improved and one retracted re-
sult in experimental classes along with neutral results in all

reference classes.

5.2.4 Analysis: Students’ Results — Gender Reference

Mixed classes Al and A2 were divided here for the
analysis as Al-F (Table 5-2 and Figure 5-10), A1-M (Table
5-3 and Figure 5-11), A2-F (Table 5-5 and Figure 5-13), and
A2-M (Table 5-6 and Figure 5-14). This information, along
with that of the female classes B1 and B2 and the reference
male classes B3 and B4 (Table 5-14), is concluded in the
Tables 5-16 and 5-17 in order to compare the female and
male results for better understanding and more detailed

analysis.

The female results were all in experimental classes.
Classes Al-F and B2-F featured the experimental lighting in
the first semester, with classes A2-F and B1-F adopting it in
the second semester, and the male results had two experi-
mental classes: A1-M with experimental lighting in the first
semester and A2-M with the in the second semester, along
with reference classes B3 and B4.
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Table 5-16: Analysis - Gender Reference / Female Results / Im-
proved (l) vs. Retracted (R) or Neutral (N) (Done by the author).

Analysis — Gender Reference / Female Results

vs. or
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In Table 5-16 no subject was found scoring full im-
provement or retraction among all four classes. The scores
were varied among the same subject and no pattern was
discerned. The basic results seen in the analysis were that
in each school one class was improved and the other was re-
tracted, as reference to the time. The classes with experi-
mental lighting in the second semester were improved in

contrast with first semester in which results were retracted.

The two experimental male classes A1-M and A2-M
reported improved results in Islamic Studies, Literacy, and
PE. Mathematics was improved in class A1-M, with equally
improved, retracted and neutral results in class A2-M. The
remaining five subjects (Arabic, Social Studies, Science, Ge-

ography, and French) in class A1-M had retracted results.
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A2-M also improved in Arabic, Social Studies, and Geogra-

phy, and retracted in Science and French (Table 5-17).

Table 5-17: Analysis - Gender Reference / Male Results / Improved
(I) vs. Retracted (R) or Neutral (N) (Done by the author).

Analysis — Gender Reference / Male Results
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The reference male classes B3-M and B4-M did not
show the same improvement as the experimental male clas-
ses A1-M and A2-M. Six subjects had retracted results in
class B3-M, four in common with class B4-M (Arabic, Math-
ematics, Activities and Reading), and the extra two were Is-

lamic Studies and English.

Class B3-M recorded two neutral results (Listening
and Conversation) and two improved results (Social Studies
and Holy Quran), while Science had equal improved and
neutral results. Class B4-M had two improvements (English

and Science) and five neutral results were scored for Islamic
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Studies, Social Studies, Holy Quran, Listening and Conver-
sation (Table 5-17).

The major findings in the female classes’ (A1-F, A2-F,
B1-F, and B2-F) analysis concluded from Table 5-16 show
that: class A2-F recorded the most improvements of the fe-
male classes followed by class B1-F; no single subject is im-
proved or retracted among all classes; no pattern was found
as the scores for the same subject differ among the three
evaluations: improved (l), retracted (R) or neutral (N); and
analysis based on gender for female classes is better under-
stood when combining the analysis based on time reference
and school at the same time. In the second semester clas-
ses with experimental lighting are improved in each school,
while classes with experimental lighting in first semester are

retracted.

The major findings in male classes (experimental
classes A1-M and A2-M, along with reference classes B3-M
and B4-M) analysis concluded from Table 5-17 demonstrate
that: the experimental male classes A1-M and A2-M show
more improvement than reference male classes B3-M and
B4-M; class A2-M had the most improvements in the male
classes followed by class Al-M; experimental classes both
improved in Islamic Studies, Literacy and PE; Mathematics is
improved in class A1-M, but in class A2-M its result is equally
improved, retracted and neutral; Arabic, Social Studies, Sci-
ence, Geography, and French results in class A1-M are re-
tracted; class A2-M is improved in Arabic, Social Studies,
and Geography while Science and French retracted; refer-

ence classes B3-M and B4-M report retracted results in Ara-
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bic, Mathematics, Activities and Reading; Islamic Studies
and English are retracted in class B3-M and Social Studies
and Holy Quran are improved, but Science has equal im-
proved and neutral results; English and Science are im-
proved in class B4-M; two neutral results in class B3-M: Lis-
tening and Conversation; and five neutral results are scored
in class B4-M for Islamic Studies, Social Studies, Holy

Quran, Listening and Conversation.

5.2.5 Summary of Number of Classes Analysis

Table 5-18 summarises all four analyses references
for a thorough reading of the results of the experiment and
enhanced discussion. Time as the first and the second se-
mester is the first analysis reference. The second analysis
reference is the school as school-A and school-B. Subject is
the third analysis reference, listing all seven common sub-
jects along with the extra two in school-A and four s in
school-B. The fourth and final analysis reference is Gender.

Table 5-18: Analysis - Summary of All Analyses References Num-
ber of Classes / Improved (I) vs. Retracted (R) or Neutral (N) (Done
by the author).

Analysis — Summary of All Analyses References Number of Classes

(Time, School, Subjects, and Gender)

VS. or
School School-A School-B
Class Al Al Al A2 A2 A2 B1 B2 B3 B4

Gender | Mix F M Mix F M F F M M

Subject

Islamic Studies I R | | | I N R R N
Arabic R R R R R I I R R R
Social Studies R R R | | I I N I N

Literacy/ English I | | | | I R R R |
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Analysis — Summary of All Analyses References Number of Classes

(Time, School, Subjects, and Gender)

Vs. or
School School-A School-B
Class Al Al Al A2 A2 A2 B1 B2 B3 B4
Gender | Mix F M Mix F M F F M M
Subject
|=
|I=
Mathematics | | | R=1] R R R
R
N
= |=
Science R R R | R R |
R N
Geography R R R | |
1=
French R R R | R
R
1=
Activities/ PE R | | R I R R
N
|=
Holy Quran N
R
Reading I R R R
Listening I R N N
Conversation I R N N
g 8
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5.3 Discussion of the Study Results

The analysis of the teachers’ questionnaires offers some in-
teresting points for discussion. Two health issues were reported:
migraines, which can be related to the lighting, which if not the ma-
jor cause certainly does exacerbate the symptoms (Bener et al,
1998); and hypothyroidism, which was not related to lighting in any
of the literature encountered thus far (Figures 5-1 and 5-2).
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Eight teachers in both schools A and B considered the mi-
graines, discomfort, and eyestrain that they suffered were caused
by the lighting and affected their performance, correlating with what
Al Sallal (2010) and Gibson et al (2013) assert in their studies. The
remaining twelve teachers did not complain of any health issues
and did not consider the lighting to have any negative impacts on

their health or performance (Figures 5-1 and 5-2).

The majority of teachers in both schools reported feeling
good and active early in the morning and at midday, while three
teachers in school-A reported feeling tired early in the morning and
three teachers in both schools felt tired at midday. At the end of the
day ten teachers reported feeling good, one active, and nine tired.
The rise in the number of tired teachers by the end of the day is ex-
pected and does not show any direct relation with lighting. Instead,
it can be related to the normal fatigue after spending the whole day
dealing with and teaching children, which is a naturally tiring duty
(Figures 5-3 and 5-4).

School-A did not report any complaints regarding ventilation
in classrooms, though one teacher declared it poor, and another
medium (Figure 5-5). Nevertheless, the health issues that were re-
ported in the classrooms reveal a problem with the ventilation, with
numerous mentions of health conditions by both teachers and stu-
dents (eye, nose and throat irritation 6/10; cough 5/10; and allergy
4/10). Other health issues scored fewer points (respiratory irritation
3/10; sensation of dry mucous membranes and skin 3/10; head-
aches 2/10; and wheezing 1/10 (Figure 5-7)). The small area which
is fully occupied in the classrooms of school-A (Figures 4-3, 4-5,
and 4-6) along with the lack of proper windows for more daylight

does affect the ventilation (Figure 4-15), although the lighting lumi-
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naries are covered (Figure 4-25) and there is glass door for daylight
(Figure 4-14). However, the daylight does not enter the classroom
in a sufficiently large quantity or the proper way for ventilation, as
shown in the sun path studies for class Al (Figure 4-12) and class
A2 (Figure 4-13). In class Al the glass door is located in the North
West (Figure 4-10), allowing less daylight to enter the class than
A2, in which the glass door is in the South East facing more day-
light (Figure 4-11) (Heschong et al, 2002; Behzadi and Fadeyi,
2012).

No complaints whatsoever were received from School-B in
terms of the ventilation as all teachers reported medium, medium+,
and excellent ventilation in the classrooms, and the health issues
reported emphasise this satisfaction (eye, nose and throat irritation
2/10; Allergy 2/10; and cough 1/10). It is notable that the windows
in school-B’s classrooms are larger than those in school-A and take
up an entire wall (Figure 4-17) in the NE (Figure 4-16), allowing
most of the daylight into the classrooms, as shown in the sun path
study (Figure 4-18). Also, the spacious classroom does help better

ventilation (Figures 4-4 and 4-7).

In terms of the students’ results, different analyses were car-
ried out with different references (time, school, subject, and gender)
for an enhanced reading and illustration of the results in order to
enrich the discussion. All the results from the various analyses
were brought together into one table (Table 5-18) and illustrated for

a thorough reading.

The general analysis showed conflicting results in each
school. In both schools, one experimental class had the majority of
retracted results and the other had the majority of improved results
(Tables 5-13 and 5-14). On the other hand, the reference classes
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in school-B, which are male classes, did not demonstrate clear im-
provements as each had only two improved subjects out of eleven
(Table 5-14). This could be related to gender base, but in class Al
male students showed added improvements in their results (Figure
5-11) than female students (Figure 5-10), while in class A2 both
males and females showed clear improvements (Figures 5-13 and
5-14). Accordingly, the reference results will be used and dis-

cussed in this study.

The analyses of results with time reference showed the im-
provement in the experimental classes in the second semester (Ta-
ble 5-12), while those in first semester, and the reference classes,
showed more retracted and neutral results (Tables 5-11 and 5-12).
This emphasises the seasonal effect and role in choosing the col-
our of artificial lighting in the interiors for its clear impact on perfor-
mance. The second semester featured more mean temperature
and wind speed and less humidity and rain than the first semester
(Appendix-B). This shows that the warm white light would work bet-
ter if the temperature were high with low to medium humidity, along
with good to high wind speed. Therefore, the use of the experi-
mental lighting (warm white) is advised in the second semester,
from March to June, rather than the first semester, from September
to January (Figueiro et al, 2002).

When the school was the reference in the conducted anal-
yses, the major finding was that neither school recorded better re-
sults than the other. In each, one experimental class was improved
and the other was retracted (Tables 5-13 and 5-14). This highlights
the impact of the lighting itself and reduces the impact of other inte-
rior elements that were completely opposite in both schools, as ex-
pected and explained when designing the experiment (Ching and
Binggeli, 2004; Jones, 2008). On the other hand, reference classes



[112]

in school-B were not improving more than the experimental classes;
they reported retracted and neutral results. Colour scheme could
be one of the reasons for this result, and Gaines and Curry (2011)
emphasise the influence of colour on schoolchildren’s mood, be-
haviour, and performance. Using colour in the classroom should be
very well studied in balance, as excessive colour schemes can be
risky and damaging to schoolchildren as well of pale colour
schemes. This knowledge should be introduced to designers,

teachers and all personnel responsible for classroom design.

Another means of conducted analysis was with subject ref-
erence (Table 5-15). Mathematics and Activities/Physical Educa-
tion were the most improved subjects. They were improved in three
of the experimental classes, and retracted in the two reference
classes, scoring the same results in all experimental and reference
classes. This relation between Mathematics and Activities/PE and
their progressive improvement under the experimental lighting is a
remarkable finding. Knight and Rizzuto (1993) encountered a simi-
lar relation as Reading and Mathematics scores increase when
Balance Skills scores increase. Although Reading in this study was
retracted in reference classes, it was improved in one experimental
class and retracted in the other. This might be considered a slight
improvement that is emphasised with the retracted results in refer-

ence classes.

Holy Quran depends mainly on reading skills, and it was im-
proved in one experimental class and improved by the same per-
centage with retracted in the other experimental class. This can al-
so be added to the improvements of reading under experimental
lighting. Caterino and Polak (1999) relate the improvement in
Physical Education with significant improvements in children’s con-

centration levels. This shows that the direct impact of the experi-
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mental lighting improved physical skills and health of the children,
along with their scores that led to the improvement in Mathematics
and Reading. Listening and Conversation were improved in one
experimental class and retracted in the other, while reference clas-
ses recorded neutral results. This could be included with the slight

improvements under the experimental lighting as well.

Literacy/English was improved in experimental classes of
school-A and one reference class only, while the other classes had
retracted results. Although Dexter (1999) discovered a poor but
positive relationship among academic skills and performance in
Mathematics and English with sport performance, this wasn’t
achieved in English in this study, as the improvement was related to
school-A and did not match the improvement in Mathematics and
Activities/PE. Islamic Studies also was improved in the experi-
mental classes in school-A, while school-B’s classes (experimental
and reference) recorded no improvement. Kennedy (2005) states
that colour inspiration in the educational environment enhances at-
tention and motor processes, leading to a positive impact on per-
formance, especially academic. Gaines and Curry’s (2011) study
was more detailed and focused on the powerful impact of colour on
schoolchildren and offer six different suggestions to be followed
when applying colour to the classroom in order to get the best of
the colour power impact on schoolchildren’s mood, behaviour, and
performance. It is clear in this study that the colour scheme in
school-A emphasised the scores in Literacy/English and Islamic
Studies more than the neutral colour scheme in school-B.

Literacy/English and Islamic Studies showed their clear im-
provement under the experimental lighting in school-A, with the col-
ourful interior and less daylight, among both female and male stu-

dents (except A1F which scored retracted results) in both semes-
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ters (Table 5-18). This discovery is recommended as a subject for
further study.

On the other hand, French and Geography are subjects ex-
clusive to school-A. French did not record any improvement under
the experimental lighting. Shephard (1997) found that when Physi-
cal Education score is increased, Languages report poor scores,
although this finding was not emphasised in other studies and re-
quires more research. Geography was improved in one class and
retracted in the other, showing no clear impact of the experimental

lighting.

Experimental lighting showed slight or no clear impact on
some subjects. Social Studies was improved in two experimental
classes, along with one reference class, showing no obvious impact
of experimental lighting. Arabic, on the other hand, was retracted in
three experimental classes as well as the reference classes. This
shows no impact of the experimental lighting, as five classes out of

six, experimental and reference, were retracted in both schools.

Science was the only subject that recorded retracted results
under experimental lighting, while the reference classes had im-
proved results. This is the only negative finding for the experi-
mental lighting with subject reference, although research showed
that Science education is facing a number of challenges, especially
in elementary schools (Ward et al, 2011) as many studies are con-
ducted continuously to improve the learning and teaching tools for
better performance (Duit and Treagust, 2003). However, this does
not seem to be the cause of the Science results in this case, as the
reference classes improved. The experimental lighting did not work
properly for Science as the existing brighter cool lighting recorded

improved results. Therefore, controlled task lighting could be an op-
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tion to be used in Science classes whenever needed, as the control
lighting does improve the performance and boosts the concentra-

tion of users (Newsham et al, 2004; Juslén and Tenner, 2007).

Gender was the final reference used for analysis. In the
mixed class Al the female students had more retracted results than
males, but in class A2 female students reported more improved re-
sults than male students. This shows no gender performances
(Tables 5-16 and 5-17). In school-B the experimental female clas-
ses also displayed the same observation, as one class had most of
the grades retracted and the other reported grades improved for

most of the subjects.

Female results in experimental classes did not have any sub-
ject with the same result. On the other hand, male students in the
two experimental classes showed improvements in Islamic Studies,
Literacy and Physical Education. Thus, the gender of students did
not demonstrate significant impact on the results under the experi-
mental lighting, although male students showed some common im-
provements. This could be due to having two classes to compare
rather than four classes, in the case of females. Even in terms of
health impacts there were only minor differences found between
females and males, showing that both were affected in a similar
way, not showing any more sensitivity for any of them more than
the other (Bener, 1994).

5.4 Analysis: Students’ Results — Students’ Num-
bers

It was realized from the analyses by the number of classes
with different references that some results needed to be more accu-
rate. For a more thorough reading of the results, the students’

numbers were taken to conclude the percentage of improved, re-
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tracted, and neutral results for each subject. Regardless of the
schools and classes, the focus at this stage is the accurate results
of the total number of students under the experimental lighting in
every single subject. In this way the results would be finalised for
the overall impact of the lighting over the students’ results. The fol-
lowing analysis was conducted using Figures 5-9, 5-10, 5-11, 5-12,
5-13, 5-14, 5-15, and 5-16:

Table 5-19: Analysis - Islamic Studies Percentage of Improved (l), Retracted
(R) and Neutral (N) Results (Done by the author).

Subject | Class | ‘ ‘

Al 7 6 7 NM
Islamic A2 8 4 8 NM
Studies B1 5 1 12

B2 0 12 8
Total Students 63 20 23 20
Percentage 1.0075200% | 32% 37% 31.752%

Table 5-20: Analysis - Arabic Percentage of Improved (l), Retracted (R) and
Neutral (N) Results (Done by the author).

Subject Class

Al 8 11 1
) A2 8 11 1
Arabic
B1 17 0 1
B2 0 17 3
Total Students 78 33 39 6
Percentage 1.003100% | 42.31% 50% 8%

Table 5-21: Analysis - Social Studies Percentage of Improved (l), Retracted
(R) and Neutral (N) Results (Done by the author).

Subject | Class | ‘ ‘
Al 6 13
. , A2 11 8
Social Studies
Bl 13 1 4
B2 3 6 11
Total Students 78 33 28 17

Percentage 100% 42% 36% 22%
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Table 5-22: Analysis - Literacy/English Percentage of Improved (l), Retract-
ed (R) and Neutral (N) Results (Done by the author).

Subject | Class

| | |
Al 12 8

0
. . A2 9 6
Literacy/English
Bl 5
B2 3 16 1
Total Students 78 28 38 12
Percentage 100% 36% 49% 15%

Table 5-23: Analysis - Mathematics Percentage of Improved (I), Retracted
(R) and Neutral (N) Results (Done by the author).

Subject Class

Al 10 9 1
. A2 10 4
Mathematics
Bl 0 14 4
B2 12 4 4
Total Students 78 32 33 13
Percentage 100% 41% 42% 17%

Table 5-24: Analysis - Science Percentage of Improved (l), Retracted (R) and
Neutral (N) Results (Done by the author).

Subject Class

Al 5 14 1
] A2 10 10 0
Science
B1 9 7 2
B2 0 19 1
Total Students 78 24 50 4
Percentage 100% 31% 64% 5%

Table 5-25: Analysis - Geography Percentage of Improved (), Retracted (R)
and Neutral (N) Results (Done by the author).

Subject | Class

| | |
Al 5 14 1

Geography A2 15 3 2
B1
B2

Total Students 40 20 17 3

Percentage 100% 50% 43% 8%
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Table 5-26: Analysis - French Percentage of Improved (1), Retracted (R) and
Neutral (N) Results (Done by the author).

Subject | Class ‘ ‘ ‘
Al 6 12 2
A2 8 8 4
French
B1
B2
Total Students 40 14 20 6
Percentage 100% 35% 50% 15%

Table 5-27: Analysis -PE/Activities Percentage of Improved (l), Retracted (R)
and Neutral (N) Results (Done by the author).

Subject Class

Al 9 8 3

o A2 5

PE/Activities

Bl 0 14 4

B2 16 0 4
Total Students 78 34 28 16
Percentage 100% 44% 36% 21%

Table 5-28: Analysis — Holy Quran Percentage of Improved (I), Retracted (R)
and Neutral (N) Results (Done by the author).

Subject Class

Al

A2
Holy Quran 51 T 1 s

B2 9 9 2
Total Students 38 21 10 7
Percentage 100% 55% 26% 18%

Table 5-29: Analysis — Reading Percentage of Improved (I), Retracted (R)
and Neutral (N) Results (Done by the author).

Subject | Class ‘ ‘ ‘

Al

_ A2

Reading

B1 15 0 3

B2 1 13 6
Total Students 38 16 13 9
Percentage 100% 42% 34% 24%
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Table 5-30: Analysis — Listening Percentage of Improved (I), Retracted (R)
and Neutral (N) Results (Done by the author).

Subject | Class ‘ ‘ ‘

Al
, , A2
Listening
Bl 18 0 0
B2 2 18 0
Total Students 38 20 18 0
Percentage 100% 53% 47% 24%

Table 5-31: Analysis — Conversation Percentage of Improved (I), Retracted
(R) and Neutral (N) Results (Done by the author).

Subject Class

Al
) A2
Conversation
B1 15 0 3
B2 2 13 5
Total Students 38 17 13 8
Percentage 100% 45% 34% 21%

Table 5-32: Analysis - Islamic Studies Female Percentage of Improved (),
Retracted (R) and Neutral (N) Results (Done by the author).

Subject Class

Islamic Al 1 3 4 NM
Studies A2 4 6 NM
Bl 5 12
Female B2 0 12 8
Total Students 47 10 17 20
Percentage 100% 21% 36% 43%

Table 5-33: Analysis - Arabic Female Percentage of Improved (I), Retracted
(R) and Neutral (N) Results (Done by the author).

Subject | Class

| | |
Al 3 4

1

Arabic AD 3 8 0

Female Bl 17 1

B2 0 17 3

Total Students 57 23 29 5
Percentage 100% 40% 51% 9%
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Table 5-34: Analysis - Social Studies Female Percentage of Improved (l),
Retracted (R) and Neutral (N) Results (Done by the author).

| |
1

Al 6 1
Social Studies AD 2
Female Bl 13 1

B2 3 6 11
Total Students 57 23 17 17
Percentage 100% 40% 30% 30%

Table 5-35: Analysis - Literacy/English Female Percentage of Improved (l),
Retracted (R) and Neutral (N) Results (Done by the author).

Subject Class

Al 5 3 0
Literacy/English AD 5 4
Female Bl 4 S

B2 3 16 1
Total Students 57 17 30 10
Percentage 100% 30% 53% 18%

Table 5-36: Analysis - Math Female Percentage of Improved (), Retracted
(R) and Neutral (N) Results (Done by the author).

Subject Class

Al 4 4 0
Maths AD 3 1
Female Bl 14 4

B2 12 4 4
Total Students 57 23 25 9
Percentage 100% 40% 44% 16%

Table 5-37: Analysis — Science Female Percentage of Improved (l), Retract-

ed (R) and Neutral (N) Results (Done by the author).

Subject | Class ‘ ‘ ‘

_ Al 2 5 1
Science A2 6 0
Female Bl 9 2

B2 0 19 1
Total Students 57 17 36 4
Percentage 100% 30% 63% 7%
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Table 5-38: Analysis - Geography Female Percentage of Improved (l), Re-
tracted (R) and Neutral (N) Results (Done by the author).

Subject | Class

| | |
Al 1 7 0

Geography A2 9 0 >
Female Bl
B2
Total Students 19 10 7 2
Percentage 100% 53% 37% 11%

Table 5-39: Analysis - French Female Percentage of Improved (I), Retracted
(R) and Neutral (N) Results (Done by the author).

Subject | Class

| | |
Al 3 5 0

French AD 5 4 5
Female Bl
B2
Total Students 19 8 9 2
Percentage 100% 42% 47% 11%

Table 5-40: Analysis -PE/Activities Female Percentage of Improved (I), Re-
tracted (R) and Neutral (N) Results (Done by the author).

Subject | Class

| | |
Al 1 6

1
PE/Activities AD 4
Female Bl 0 14 4
B2 16 0 4
Total Students 57 21 23 13
Percentage 100% 37% 40% 23%

Table 5-41: Analysis - Islamic Studies Male Percentage of Improved (l), Re-
tracted (R) and Neutral (N) Results (Done by the author).

Subject | Class

| | |
Islamic Al 6 3 3 NM

Studies A2 4 3 2NM
B1
Male B2
Total Students 16 10 6
Percentage 1.0100% 63% 38%
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Table 5-42: Analysis - Arabic Male Percentage of Improved (l), Retracted (R)
and Neutral (N) Results (Done by the author).

Subject Class

Al 5 7 0
Arabic AD 5 3 1
Male B1

B2
Total Students 21 10 10 1
Percentage 1.0100% 48% 48% 5%

Table 5-43: Analysis - Social Studies Male Percentage of Improved (I), Re-
tracted (R) and Neutral (N) Results (Done by the author).

Subject | Class | ‘ ‘
Al 5 7 0
Social Studies AD 5 4 0
Male B1
B2
Total Students 21 10 11 0
Percentage 100% 48% 52% 30%

Table 5-44: Analysis - Literacy/English Male Percentage of Improved (I), Re-
tracted (R) and Neutral (N) Results (Done by the author).

Subject | Class ‘ ‘ ‘
Al 7 5 0
Literacy/English AD 2 3 >
Male Bl
B2
Total Students 21 11 8 2
Percentage 100% 52% 38% 10%

Table 5-45: Analysis - Math Male Percentage of Improved (I), Retracted (R)
and Neutral (N) Results (Done by the author).

Subject | Class ‘ ‘ ‘
Al 6 5 1
Maths AD 3 3 3
Male Bl
B2
Total Students 21 9 8 4
Percentage 100% 43% 38% 19%
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Table 5-46: Analysis — Science Male Percentage of Improved (I), Retracted
(R) and Neutral (N) Results (Done by the author).

Subject | Class

| | |
Al 3 9 0

Science A2 4 5 0
Male Bl
B2
Total Students 21 7 14 0
Percentage 100% 33% 67% %

Table 5-47: Analysis - Geography Male Percentage of Improved (l), Retract-
ed (R) and Neutral (N) Results (Done by the author).

Subject Class

Al 4 7 1
Geography AD 6 3 0
Male Bl

B2
Total Students 21 10 10 1
Percentage 100% 48% 48% 5%

Table 5-48: Analysis - French Male Percentage of Improved (I), Retracted (R)
and Neutral (N) results (Done by the author).

Subject | Class ‘ ‘ ‘
Al 3 7 2
French AD 3 2 >
Male Bl
B2
Total Students 21 6 11 4
Percentage 100% 29% 52% 19%

Table 5-49: Analysis -PE/Activities Male Percentage of Improved (I), Re-
tracted (R) and Neutral (N) Results (Done by the author).

Subject | Class

| | |
Al 8 2 2

PE/Activities AD 5 3 1
Male Bl
B2
Total Students 21 13 5 3
Percentage 100% 62% 24% 14%
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The number of students in the different experimental classes
varied, and this should be taken into consideration as it might show
different results for the subjects. In Table 5-50 the results of both
analyses were illustrated for comparison in order to explore the dif-

ferences between the two analyses conducted for this experiment.

Table 5-50 was conducted from Table 5-15, along with Ta-
bles 5-19 to 5-49. Brief discussion would explain the major differ-

ences between both analyses in Table 5-50.

In the second analysis seven subjects were improved (Social
Studies, Geography, Activities/PE, Holy Quran, Reading, Listening
and Conversation), compared in the first analysis in which five sub-
jects were improved (Islamic Studies, Social Studies, Mathematics,
Activities/PE, and Holy Quran). Three subjects were improved in

both analyses (Social Studies, Activities/PE, and Holy Quran).

Five subjects were retracted in the second analysis (Islamic
Studies, Arabic, Literacy/English, Science, and French). Three of
them (Arabic, Science, and French) were in common with the first

analysis.

Six subjects had the same results in both analyses (Social
Studies, Activities/PE, Holy Quran, Arabic, Science, and French),
while Mathematics was improved in the first analysis and scored
almost equal improved and retracted results (41%:42%) in the se-
cond.
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Table 5-50: Analysis — Percentage of Students’ vs. Number of Classes Re-
sults in Experimental Classes (Done by the author).

Analysis — Percentage of Students’ vs. Number of Classes Results in Experimental Clas-

ses

Analysis Percentage Scores No. of Classes
Gender
Subject All F M All F M
'SS:S;T(LCS 36% 43% 62% 214 214 212
. 48% =
0, 0, =
Arabic 50% 51% 48% 3/4 3/4 1=1
Social Studies 42% 40% 52% 214 214 1=1
'é'rt]zrl?s?/ 49% 53% 52% 2=2 2=2 212
. 42%
Mathematics 41% 44% 43% 3/4 2.5/4 1.3/2
0
Science 64% 63% 67% 2.5/4 2=2 212
48% =
0, 0, = = =

Geography 50% 53% 48% 1=1 1=1 1=1
French 50% 47% 52% 1.5/2 1=1 212
Activities/ PE 44% 40% 62% 3/4 2/4 2/2
Holy Quran 56% 56% - 1.5/2 1.5/2
Reading 42% 42% 1=1 1=1
Listening 53% 53% --- 1=1 1=1
Conversation 45% 45% --- 1=1 1=1

The second analysis emphasised the results of the previous
seven subjects that were reported from the first analysis. On the
other hand, it made the results of the other six subjects clearer.
Literacy/English reported equal improved and retracted results in
the first analysis, while 49% of the students had retracted results.

Four subjects had equal improved and retracted results in the first
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analysis, but were improved in the second analysis (Geography
50%, Reading 42%, Listening 53%, and Conversation 45%). Islam-
ic Studies was improved in two classes out of four in the first analy-

sis, while it scored retracted results of 36% in the second.

This analysis produced more accurate results and showed
more improvements at the same time. The percentages can be
read more comprehensively and give the overall image of the per-
formance of the students under the experimental lighting in this

study.
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CONCLUSION AND RECOMMENDATIONS

6.1 Findings of the Study

Health issues related to lighting pollution and ventilation in
the classrooms were common in teachers and students in experi-
mental schools. Headache, wheezing irritation of eyes, nose, and
throat, cough, allergy, respiratory irritation and sensation of dry mu-
cous membranes and skin were reported and related to lighting and
poor ventilation. Seasonal effects show a clear impact of the exper-
imental lighting on the students’ performance. Results in the first
semester were retracted and improved in the second semester un-
der experimental lighting. Schools with contrasting interiors did not
have a huge impact on results under the experimental lighting. In
each school one class was improved and the other retracted. Indi-
vidual subjects varied in their effect during the first analysis — num-
ber of classes with different reference analyses — with significant
improvements scored under the experimental lighting. Four com-
mon subjects showed improvements in the results, one subject had
equal improved with retracted results, and two subjects retracted.
Similarly, individual subjects also varied in their effect under the se-
cond analysis — percentage of students’ results — with the experi-
mental lighting. Two common subjects showed improvement, four
subjects retracted, and one subject had almost equal improved and
retracted results. Overall, there was no great gender distinction
under the experimental lighting during the first analysis, as males
and females were both similar in their performance. However, dur-
ing the second analysis females garnered fewer improved and

more retracted results than males.
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Some general extra findings were stumbled upon through
the experiment. Firstly, classroom design should be spacious and
not crowded, for better performance. Secondly, a balanced colour
scheme is advised in elementary classrooms, neither too neutral
nor too colorful. Thirdly, for better daylight access it is advisable to
allocate decent-sized windows with open/close controls on the east,
not west, side of classrooms and buildings. Finally, Physical Edu-
cation proved to be one of the important subjects with the capacity
to affect performance in other subjects, especially Mathematics,
Reading and Literacy, which improve when PE itself is improved.

6.2 Conclusion

The experiment was conducted to investigate whether warm
white light (experimental light) will have a positive impact in elemen-
tary school classrooms in the United Arab Emirates on students’
performance over the existing light (cool white). The experimental
warm white light had predominantly positive impacts on student per-

formance, though some negative impacts were also encountered.

No harmful effects were reported regarding the experimental
light, and less maintenance was reported and required than the ex-
isting lighting; no economic issues were raised from either school;
significant improvements in student performance were recorded in
the second semester; it worked effectively with colourful and neutral
interiors, achieving improvements in both; it enhanced the grades of
Physical Education and Mathematics; Islamic Studies, Social Stud-
ies, and Literacy/English improved in two out of four experimental
classes (first analysis); both males and females improved under the
experimental lighting (first analysis); seven subjects were improved
as per the second analysis: Social Studies 42%, Geography 50%,
Activities/PE 44%, Holy Quran 56%, Reading 42%, Listening 53%,
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and Conversation 45%; Mathematics improved with 41% and re-
tracted with 42% of the total number of students (second analysis);
Female students improved in Social Studies 40% (common subject
in both schools); female students recorded improvements in Geog-
raphy 53% (school-A), and Holy Quran 56%, Reading 42%, Listen-
ing 53%, and Conversation 45% (school-B); Neutral results were
reported in 43% of female students’ results; and male students
were improved in Islamic Studies 62%, Literacy/English 52%,
Mathematics 43%, and Activities/PE 62%.

One the other hand, some disadvantages attributable to the
experimental lighting were established: clear retracted results in the
first semester; French and Science recorded retracted results; three
common subjects between both schools recorded equal scores be-
tween retracted and improved (first analysis); students in both
schools had retracted scores in Islamic Studies 36%, Arabic 50%,
and Literacy/English 49%; female students reported retracted re-
sults with 51% in Arabic, and 53% in Literacy/English; 52% of the
male students were retracted in Social Studies; and 48% of male

students were improved, and 48% retracted in Arabic and Geogra-

phy.

The experiment, in conclusion, did demonstrate advantages
in the experimental lighting, but also encountered a number of dis-
advantages. The results and findings encourage the use of the
suggested light, warm white, in elementary schools in the United
Arab Emirates, taking into consideration the time and the allocation
of the accessed daylight. As the existing light did show positive im-
pacts in one subject, the requirement for task lighting for better per-

formance should be taken into consideration.
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6.3 Recommendations

While designing the experiment, some ideas and concepts
were intended to be applied but could not be, due to various limita-
tions (such as ethical, time, financial, and lack of expertise). It is
recommended to commission similar studies focusing on these fac-
tors for better analysis and a more thorough reading of the results.
These factors are:

- Health records of teachers and students
- Attendance with sick leave

- Behavioral reports

- Teachers’ comments on students’ mood
- Psychological performance

- Cognitive psychological analysis.

By the end of the experiment, and after the analysis and dis-
cussion, the benefits of the warm white experimental lighting on the
students’ performance were observed, though some areas showed
disadvantages at the same time. Second semester had the re-
markable improvements under the warm white lighting as well as
Social Studies, Geography, Activities/PE, Holy Quran, Reading, Lis-
tening and Conversation. On the other hand, first semester along
with Islamic Studies, Literacy/English, Science, and French showed
retracted results under the experimental lighting. Suggested topics
for further research and studies include:

- Enhanced illumination in the first semester (could utilise
warm white with task lighting, or a different colour of artificial
light)

- Factors for retracted results in Islamic Studies, Litera-
cy/English, Science, and French (to explore if it would en-
hance under different lighting color)

- Health issues under the warm white light
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Applying warm white in different grades and compare the re-
sults

Applying warm white in different interiors (commercial and
residential)

Better ventilation in classrooms
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l.  Appendix A: Questionnaire

Questionnaire:
Name: Years of experience in this classroom (----) Specialization:
Do you have any health issue/s? Yes No

If yes, what and since when:

Do you think the lighting is affecting you negatively? Yes No
If yes, explain:

How do you describe your overall behavior:
Early in the morning:
Mid of the day:
End of the day:

How do you evaluate the ventilation in your classroom? (1 poor — 5 excellent)
1 2 3 4 5

How do you evaluate the impact of lighting on you and your performance? (1 poor —5
excellent)
1 2 3 4 5

How do you evaluate the impact of lighting on the students and their performance? (1
poor — 5 excellent)
1 2 3 4 5

Major general issues you have in your classroom (things you wish to change in-order to
improve performance):

1)

2)

3)

What is the major health issue you and the students are suffering from mainly:
Respiratory irritation
Allergy
Eye, nose and throat irritation
Sensation of dry mucous membranes and skin  ---
Headaches
Wheezing
Cough

Teacher Comments:
1)
2)
3)
4)
5)
6)
7)
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II. Appendix B: Climate Study in Sharjah

http://www.tutiempo.net/en/Climate/Sharjah_International_Airport

Table llI-1; : Interpretation / Key of Weather Tables
(http:/iwww.tutiempo.net/en/Climate/Sharjah_International_Airport)

Interpretation

T Mean temperature (°C)

TM Maximum temperature (#C)

Tm  Minimum temperature (#C)

SLP Mean sea level pressure (hPa)

H Mean humidity (%)

PP Precipitation amount (mm)

VY | Mean visibility (Km)

W Mean wind speed (Km/h])

WM Maximum sustained wind spead (Km/h)
WG | Maximum wind gust (Km/h)

RA Indicator for occurrence of: Rain or Drizzle
SN Indicator for occurrence of: Snow or Ice Pellets
T8 Indicator for occurrence of: Thunder

FG Indicator for occurrence of: Fog


http://www.tutiempo.net/en/Climate/Sharjah_International_Airport

[145]

Table lI-2; Sharjah Weather Table - September 2009
(http://mww.tutiempo.net/en/Climate/Sharjah_International_Airport)

Weather Sharjah International Airport

Main | Year 2000 climate = | September 2000 -

Climatic mean values

Day
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Table II-3: Sharjah Weather Table - October 2009

(http://mww.tutiempo.net/en/Climate/Sharjah_International_Airport)

Vieather harjah lnternational Alrport

Main | Year 2000 cimate~ | October 2000

Climatic mean values
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Table ll-4; Sharjah Weather Table - November 2009
(http://mww.tutiempo.net/en/Climate/Sharjah_International_Airport)

Weather Sharjah International Airport

Main | Year 2009 climate - | November 2009 -

Climatic mean values

Day T ™ Tm SLP H PP WV v VM VG RA SN TS FG
1 26 33.9 | 18.4  1014.1 51 0| 9.3 | 10.2 | 22.2 | -
2 | 26,9 35.8 | 18.8 1014 44 ] 9 5.7 | 14.8 -
3 26.9 | 36.7  18.5 | 1014.6 44 o 5.2 5.9 iz -
4 27.1 36.4  18.7 1015.8 50 o 5.7 6.7 | 20,6 -
3 26.8 | 35.9 | 159.7 | 1015.4 55 0 B.4 6.5 | 18.3 | -
6 | 26.3 33.2 | 21.8 1014.1 77 o 5.8 7.6  14.8 -
7 25 24.7 15 1012.7 7z ] = 6.5 | 18.5 | -
8 25.1 324.1  18.8 1012.8 561 o 7.2 7.2 | 18.3 -
L) 26.2 1= is.7  101iz2.8 40 ] i0 8.5 | 18.5 | -
i0 | 24,6 32.9 | 17.8 10059.6 53 0o 5.8 7.6  14.8 -
i1 | 24.2 | 32.8 | 14.5 | 1005.2 42 o 9.7  10.6  20.68 -
12 | 22,8 Z1.6 | 14.1  1011.3 50 ] 10 8.3  14.8 -
iz | 232.2 | 21.1 | 15.7 | 1013.8 &0 o 5.7 8.3 | 18.5 | -
14 | 22.8 32 15.6  1014.8 s7 0| 9.2 8.3 | 18.3 | -
i5 | 23.2 | 21.5 | 15.4 | 1014.6 54 0| 5.2 = i4.8 | -
16 25 31 18 1013.4 72 0 5.5 8.5 | 16.5 | -
i7 25 32.2 20 1012.8 74 o 7.2 5.2 1.3 -
i8 | 24.7 | 33.5 | 18.7 | 1014.5 (=1 o 7.7 8.1 | 14.8 -
19 | 24.9 | 33.2 | 18.2 | 101&.1 47 ) 10 10.4 | 18.3 | -
20 | 24.8 321.1 | 18.6  1018B.5 63 0| 10.5 | 9.4 | 22.2 | -
21 24 28.6 | 18.5 | 1017.5 o9 0| 10.6 | 11.9 | 22.2 | -
22 | 24.3 | 29.2 | 15.4 | 1016.7 63 o 1i0.e  10.4  18.3 -
23 | 24.5 28 20.3 | 1017.3 52 0 10.6 16.3  25.9 -
24 | 23.8 | 2B.2 19 1017.4 55 0| 10.5 | 16.2 | 25.9 | -
25 | 21.9 28 15 1018.1 50 o 1i0.6 7.6 | 14.8 -
26 | 21.2 | 25.9 14 1016.5 63 ] i0 5.1 i3 -
27y | 22.3 | 25.3 14 1015.6 58 o 9.3 5.5 13 -
28 | 24.6 | 33.5 | 16.1 | 1015.2 58 0 5.5 9.8  18.5 -
29 | 24.5 30 15 1016.4 51 0 10.3  11.2  20.6 -
30 | 23.5 | 27.3 20 i0is 63 0| i0.8 | 11.7 | 22.2 | -

Monthly means and totals:

24.5 | 32.1  1i7.B | 1014.8 | 58.9 0 5.2 9 17.9 oo o 3
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Table lI-5; Sharjah Weather Table - December 2009
(http://mww.tutiempo.net/en/Climate/Sharjah_International_Airport)

e i ——— e ——

Weather Sharjah International Airport

Main | Year 2009 climate = | December 20090 -

Climatic mean values
Day T ™ Tm sSLP H PP WV WV VM VG RA SN TS FG

1 |22.4 26.6|18.6 1015.1 &0 o] 11.23 | 10,7 | 22.2 | -

2 | 22,3 26.9 | 16.8 1018.3 a7 0 10.5 | 10.2 | 20.6 | -

32 [21.1| 26 17 i018.1 &0 o] i2.1 | 11.5 | 25.9 | -

4 |20.1 27.2|12.4 | 1018.8 54 0 10 S.6 | 11.1 | -

5 |20.1 27.5 i3 i017.2 58 o] i0 6.5 | 16.5 | -

6 [21.2| 28 |12.7 | 1015.5 50 0 10 7.2 | 16.5 | -

7 [23.1) 29.6 | 15.5 | 1014.1 a7 o] 10 | 10.2 | 20.6 | -

3 [27.3) 31 | 22.5| 1010.2 | 46 0 6.6 |21.3| 37 |50

9 |[22.8 26.1 17 i013.5 54 2.03 [ 10.6|17.8 31.3| - o
10 | 19.9  25.7 15 1018 a2 0 10.5 | &.7 | 14.8 | -

11 | 18.5 24.4 14.7  1016.4 78 o] i0 7 i8.3 -

12 | 20,1 24 15 1016.3 =1 8.1 8.2 3.7 7.6 | -

iz 18 | 21.2 15 i016.3 93 18.03 | 6.4 6.1 | 20.6| - | © a)
14 | 19.1 24 | 14.5  1017.3 81 12.95 | 9.8 &.7 | 11.1 | -

is | 20.4| 25 | 16.2 | 1018.8 68 0.25 | 10.5 | 7.8 | 20.6 | -

16  19.6 25 14.5 1015.8 a4 0 10.6 4.4 3.4 | -

i¥ | 18.9 25.4 13.8 1018.4 70 o] 9.2 S.2 | 11.1 | -

18 | 21.2| 25 | 13.8 | 1016.7 a4 0 9.3 |10.2 20,6 | - | ©
19 | 21.6 | 26.5 15 i0i8 76 0.76 | 10.8 | 7.6 | 20.6 | -

20 | 21 | 25.6 17 1020.2 78 0 2.7 3.3 13 -

21 | 20.23 | 25.5 | 16.4 | 1020.6 70 o] 8.7 3.6 i3 -

22 | 20.6 | 26.3 15 1013.7 73 0 2.5 7.6 13 -

23 | 21.8 | 29.3 17 1015.4 63 o] i0 8.9 | 14.8 | -

24 | 21.2 | 28.2 | 15.5 | 1018.4 =1 0 9.8 8.1 | 14.8 -

25 | 21.2 | 25.4 | 15.7 | 1018.1 74 o] i0.1 | 9.8 20.6 | - | o© a)
26 | 21.6 | 24.7 | 17.7 | 1015.2 a7 0.51 | 10.3 | 13.5 | 29.4 | -

27 | 21.6| 25.1 17 i013.5 &0 .51 | 10.8 | 15.5 | 27.8 | -

28 | 20.4 24.3 16.9  1014.5 =1 0 10.6  12.6  24.1 | -

29  19.4 25.6 14.6  1015.5 71 o] 8.4 5.7 | 14.8 | -

30 | 19.3 25.7 14.4  1016.4 73 0 5.4 S« 13 -

21 | 15.7 | 27.2 14 1015.4 58 o] 9.2 i  18.2 -

Monthly means and totals:

20.8 | 26.2 | 15.8 1017 66.4  41.14 5.8 8.8 18.5 8|02 0
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Table lI-6: Sharjah Weather Table - January 2010
(http://mww.tutiempo.net/en/Climate/Sharjah_International_Airport)

e i ——— e ——

Weather Sharjah International Airport

Main | Year 2010 climate - | January 2010 -

Climatic mean values

Day T ™ Tm SLP H PP L' W VM WGz RASNTS FG
i  18.1 | 25.9 12 1014.3 &8 3.05 9.8 11.1 25.9 - o o
2 i9  22.8 135 i01i7.6 &7 i2.45 10.5 13.7 25.9 - o
3 17.7 | 24.1 13.6 1021.2 74 0 5.8 5.1 13 -

4 17.8 23.6 13 i0z21.1 735 (u] 8.0 8.9  14.8 -

5 18.9| 23.3 13.8 1018.4 74 0 10 7.4 | 14.8 -

6 19.8 24.3 16 1015.7 &9 0 9.3  11.2 20.6 -

7 19.3 26.5 14 1017 T4 0 7.4 T.4  14.8 -

a 19 28 11.7 1018.9 &2 0 5.8 K 16.5 -

9 18.8 26.2 | 11.2 1018.9 &3 (u] i0.1 6.1  16.5 -

i | 19.1 26.2 12 1018.2 &0 0 10.5 9.4  22.2 - o
11 18.5 24 12.9 1019.9 | 355 1.02  10.2 7.4 16.3 44.2

12 18 | 24.7  10.9 1022.2 &3 0 10 Fj 20.6 -

13 18 | 25.3  11.7 1022.5 &8 0 9.5 3.7 13 -

14 18.2 | 25.4 12.5 1023.2 &7 0 8 =] i3 -

13 17.3 24 11.7 1023.4 &8 0 7.6 5.7 13 -

16 i7 247 10,7 1024.1 70 (u] g 3.4 iz -

1F 16.8 23.8 11 1024.3 | 75 0 7.2 5.6 13 -

18 17.6 24.7 9.9 1022 I7 0 .9 3.4 13 -

19 18.1 26.1 12 i01i9.7 81 0 5.8 6.3  16.5 -

20 19 | 28.4 11.3 1018.5 59 0 g 3.9 5.4 -

21 20.4 | 20.6 12.8 101B8.2 &3 (u] 8.2 8.7  18.2 -

22| 20  27.2 12.8 | 1018.3 T2 0 7.1 5.9 | 18.3 -

23 1%9.6 253.2 14 1018.5 7B 0 8.2  10.7 1B.2 - o
24 | 18.8 26.6 12.6 | 1017.2 80 0 6.3 6.7 | 16.5 -

23 20.4 320 10.6 1016.2 &35 0 7.9 Fj 11.1 - o
26 22.2 25 i5.9 10i1e.6 357 0 5.8 9.6  18.2 -

2F 19.9 23.4 17 1017.9 &3 0 10.6 18  25.4 -

28 18.% 22.4 1z i01% ol (u] i0.8 15.9 24.1 - o

29 | 17.1  23.9 10.8 | 1019.7 &8 0 10.1 | 7.4 18.32 -

20 18.4 25 10 1020.6 &7 0 9.7 8.1 13 -

31 | 15.4 26 13 i0is.1 73

s}

9.2 8.1 | 14.8 -
Monthly means and totals:

i8.7  25.5 | 12.5| 10194 | §8.2 | 16.52 | 8.8 | B.2 i7 S (0 2 4
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Table II-7: Sharjah Weather Table - February 2010
(http://mww.tutiempo.net/en/Climate/Sharjah_International_Airport)

LELILUUS,: £efecleld | LOFNIQILLUS . Flfa 8 | FULILLLE oFl

Weather Sharjah International Airport

Main | Year 2010 climate - | February 2010 -

Climatic mean values

Day T ™ Tm SLP H PP L W WM Vo RASNTS FG
i z20.2 27.8 13.9 1016.7 T2 0 7.9 8.3  14.8 - o
2 21.8 | 28.9 15.5 1014.6 46 0 10 8.5 | 18.3 -

3 23 | 31.9 14.2 1013.1 353 0 10.3 8.5  14.8 -
4 25.2 21.2 19.8 i011 58 (u] i0 i5.2 22.2 -
3 | 22.2| 25.7 | 18 1013 =12 - 8.7 | 15.6 | 29.4 - u’ o
6 15.2| 22.5 18 1013.5 78 3.05 10.8 5.6 | 16.5 -
7 20,1 24.4 i6.8 1015.7 358 (u] i0.5 18.7 323.5 40.7
38 17.8|23.6 11 1018.1 47 0 10.1 1 9.2  14.8 -
9 15.8| 23.4 7.8 1018.4 54 0 5.2 5.7 | 14.8 -
i0 1is.2 | 22.2 9.6 1017.5 58 (u] 2.9 8.9  18.5 -
11 | 17.4 25.8 10.6| 1019.1 57 0 10 7.2 | 14.8 -
1z | 18.1 27.2 8.9 | 1020.2 &8 0 8.5 3.7 | 20.6 -
1z 15.1 ) 27.4 12.1 1015.4 &8 (u] 8.0 7 22.2 -
14 159.9 25 iz2.3 i018 a8 0 7.9 7 i56.5 -
15  20.2 2B.7 13.2 1017 71 0 8.7 5 16.5 -
i6 21.2 | 20.9 12.8 101B.B 58 0 9.5 3.7 18.5 -
17 20.9 25.8B 13.5 i0z0 70 0 8.4 T.4 o 222 -
183  20.1 29.4 13 1018.2 &7 0 8.2 8.1 | 20.6 -
19 21.8 25.8 13 1015.2 48 0 9.5 8.2  168.5 -
20 22,7 322.2 13 i0i3.1 435 (u] i0 8.9 20.6 -
21 | 22.3 | 26.8| 18 1013.1 55 0 9.5 | 19.8 | 35.2 -
22 20.3 26 15.8 1014.9 &6 0 10.3  10.4 18.32 -
23 Z21.6 259.2 14.86 1013.4 45 (u] 5.2 7 iz -
24 | 24,2 | 32.5| 14 1009.9 25 0 10 10.2 | 22,2 -
23  26.3 36 17.9 1008.4 31 0 9.2 15.6 25.4 -
26 2B.2 | 25.0 20.2 1008.9 45 (u] 5.2 204 21.2 44.2
27 | 25.9 | 34 19.8 1010.2 &35 - 8.4 | 16.5 | 35.2 - u’ o
28 23.1 28 17 1012.8 | 71 | 36.32 9.3 = 16.5 -

Monthly means and totals:

21.2 | 28.6| 14.4 | 1015.1 | 57.8 | 35.27 | 9.3 i0 | 20.8 3|0 2 3
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Table 1I-8: Sharjah Weather Table - March 2010
(http://mww.tutiempo.net/en/Climate/Sharjah_International_Airport)

Weather Sharjah International Airport

Main | Year 2010 climate~ | March 2010 -

Climatic mean values

Day T ™ Tm SLP H PP vV v VM VG RA SN TS FG
1 |22.5)258.3 15 1014 el 1) 8.2 F) 15 - | o o
2 | 19.7 24  16.4 1014.1 85 11.18 8.5 9.3 20 - | o a)
2 [21.3| 25 |17.7 | 1013.5 68 i0.8 16.3 27 - | o
4 | 20.3 24.6 16 1014.1 =1 10.5 13 | 20 -

3 |20.7 | 24.9 | 14.9 | 1014.7 &0 7.1  18.9 3232 -
6  20.4 24.7 17 1016.7 68 4.7 9.4 20 -
7 | 20.7  26.B | 15.4 | 1018.3 74 5.9 7.2 |18 -
8 |[21.3 | 25.9 | 15.3 | 1018.6 7B = 4.4 20 -
9 | 22.8 30 1.4 1018.6 75 3 4.6 14 -
10 | 23.2 | 33.2  17.9  1018.7 74 4.8 g 18 -
11 | 23.1 32.6 16.7  1018.3 &0 = a 18 -
12 | 22.1 | 22 | 12.9 | 1018.2 83 &8.8 6.2 | 16 -
13 | 22.3 | 31.2 | 13.5 | 1016.8 36 a8 6.9 | 16 -
14 | 23 | 32.4  14.8 1014.9 49 g.4 9.3 |22 -
15 23.8 323 15 1014.2 359 9.5 8.1 16 -

16  23.6 3Z.4 15 101z a7
17  23.4 35.1 14.5 1013.9 45
18 26.8 3% 14.9 1014.5 34

i0 8.2 18
9.2 7.2 20
8.2 i0 | 18

00 0000000000000 0o0D0o000o0000o0D
oM U W LD o L0 ORI W LM LD R WM WM W ;oW W U
1

19  25.8 36.8 18.7  1015.3 30 10 12 | 25 -
20 | 25.3 | 37 | 16.2 | 1014.7 | 41 i0 9.8 | 22 -
21 25.2 3E.1 16 1014.7 31 a8 9.6 18 -
22 | 24,3 30.2 15%.6 1011.5 71 7.1 | 15.6 | 27 - o
23 | 24.2 | 30.1 15 1005.4 =1 10.1 13 | 20 -
24  23.9 30.6 18.5 1010.3 75 9.2 8.7 | 18 -
25 | 25.23 | 35.2 18 1010 83 7.2  10.6 1B - o
26 | 27 | 35.7 19 1009 36 9.7 7.4 | 16 -
27 | 21.4 41.4  18.7 | 1007.5 21 11.6 11.1 20 -
28 | 28.9 | 37.1| 22 i010.2 @ 40 10 7.4 | 16 -
29 | 27.1 | 34.2 is8 i0iz.1 39 9.5  10.9 24 -
30 25.1 32.1 17.8 10132 32 i0 | 11.9 20. -
31 | 27.6 | 35.2 | 21 i011.9 45 1) i0 12 | 24, -

Monthly means and totals:

24 | 21.9 16.%| 1014.1  55.7 11.18 B.5 9.7 | 20.4 3|02 5
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Table II-9: Sharjah Weather Table - April 2010
(http://mww.tutiempo.net/en/Climate/Sharjah_International_Airport)

Weather 5harjai1 International .Airﬁurt

Main | Year 2010 climate~ | April 2010 -

Climatic mean values

Day T ™ Tm SLP H PP WVV v VM VG RASNTS FG
i  27.4 324.6 21.4 1011.8 44 o 9.8 18,9 | 37 -
2 | 2459 30 |19.8 1011.7 a7 ] i0 15.2 | 21.3 -
3 | 25.2 320.118.3 1012.1 36 ] 10 i7.2 27.8 -
4 | 24.4 | 31.2 | 17.7 | 1012.9 a2 0 9.8 10 16.5 -
3 | 25.23 | 34.2 | 16.7 1012 67 o 8.7 8.7 | 18.3 -
6 | 25.1 36.1 19 1011.4 33 o 8.7 10 24.1 -
7 | 27.4 | 36.2 | 18.2 | 1012.4 41 o 5.8 7.6 | 14.8 -
8 | 28.1 38.6 18 1013.3 36 0o 5.8 6.1  16.5 -
9 | 20.2 41.6 | 21.3 1010.9 29 0| 9.8 | 11.1| 22.2 -
ie | 25.7 | 37.6 | 23 1009 39 0| 10.3 | 10.4 | 22.2 -
i1 | 2¥.1 35.2 | 21 1009.3 45 o 9.2 132.3 | 27.8 -
iz | 28.6  34.7 | 18.7  1010.2 56 0| 5.8 | 11.2 | 25.4 -
12 | 28.7  34.6 | 18.3 1010.5 44 - | %7 | 12.6 | 25.9 -
14 28 | 34.7 | 22 1010.4 435 0 5.5  10.6 | 44.3 -
15 | 28.8 | 35 | 20.5 i0iz 41 ] i0 i0.6 24.1 -
i6  28.9 37 | 21.9 1012.4 45 o 5.5 14.4 44.3 58.3
i¥ | 25.1 | 35.9 | 23 i011.5 47 ] i0 12.6 | 27.8 -
i8 | 30.2 | 37 |19.5 1010.2 38 0o 5.8 12 | 48.2 | 559.4 | o
19  28.9 =5 23 1008.5 30 o 9.8 15.9| 25.9 - a)
20 | 26,59 | 32.2 | 22 1007.5 &1 o 5.7 | 16.9| 25.9 44.3
21 Ze.4  34.5 19 1007.2 61 o 9.7  12.4 | 25.9 -
22 | 27.2 | 38.2 | 17.7 | 1007.8 59 ) g 8.2 | 20.5 -
23 | 30.2  40.9 | 20.7 1009 38 0| 5.2 9.1 | 20.6 - 0
24 31.2 40.4 23 1009.3 359 o 9.7 15.2 | 25.4 -
25 | 28.5 | 32 23 1009.8 52 ] i0 16.1 | 21.3 - o
26 | 27.2 | 33.2 | 21.2 | 1011.9 53 0| 9.8 | 13.5 | 24.1 -
2F | 27.7 | 34.6 13 1013.2 45 ) 10 11.3 | 22.2 -
28 | 25.59 | 36.8 | 20 i011.1 36 0| 5.8 | 14.23 | 27.8 -
29 31.2 38.2 22 1007.9 31 o 9.7 10,2 18.3 -
20 | 32.2 | 41 | 23.5 | 1007.2 27 o 5.8 8.1 | 27.8 -

Monthly means and totals:

28.1  35.7  20.4 1010.5 45.8 0 9.7 12.3 | 26.7 35 0 11
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Table II-10: Sharjah Weather Table - May 2010
(http://mww.tutiempo.net/en/Climate/Sharjah_International_Airport)

Weather Sharjah Inte

rnational Airport

Main | Year 2010 climate~ | May 2010

Climatic mean values

Day

=

[F= T << IS I = T ¥, I "R T I 8

T
2.4
32.
31.
20
28
25
27
28
29.
28
20.6
32.3
21.1
32.4
34
33
21
29
31
32
32
32
23
32
33,
32.
21.
31.9
23.5
24
33.7

Wl RO M = R M

BRI 0O S DLW 000D

[na}

21.6

™
29.7
42.4
35.7
35
32
33.8
33.5
35.5
37.2
28
41
42
41.5
41.9
40.5
25.5
27.8
28.1
43
44.3
41.56
39.5
42.7
41.8
40.2
40.4
42.2
40.5
43
44.5
41.5

35.7

T
22.7
24
25.2
27
23
20.6
18.9
15.4
19
12
17.7
23
21.4
20.6
28
27.5
24
21
2Z2.4
2Z2.8
2z
23.3
27
2z
23.7
27
23.5
24.3
25
25.4
23.8

23.1

SLP
1008,
1007.
1007.
1007
1006.
1006,
1006
1007
1006.
1006,
1006
1006
1006.
1004,
1003
1003.
10035,
1006.
1006,
1005.4
1004.5
1003.7
1003.4
1002.8
1002,
1002,
1002.
10023,
1004.7
1004.4
1003.3

MW M M L R =W m o b w B e m

[T o | N s

Monthly means and totals:

1005.3

H PP VvV

24
35
41
45
52
40
46
29
20
2z
23
19
25
25
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20
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Table lI-11: Sharjah Weather Table - June 2010
(http://mww.tutiempo.net/en/Climate/Sharjah_International_Airport)

Weather 5harjai1 International .Airplrurt

Main | Year 2010 climate~ | June 2010 -

Climatic mean values
Day T ™ Tm SLP H

g

v VM VG RASNTS FG

1 | 33.7 43.7 | 24.5 1001.7 456 o] 8.4| 8.3 | 24.1 -
2 |35.1 41.8| 26 1002.5 | 44 0 8.5 | 19.8 | 25.4 -
3 | 35.2 40.9 30.5 1004.5 46 o] 9.3 | 24.6 | 31.3 | 42.4
4 | 24.7 40.3| 20 1004.7 | 44 o) 9.2 | 18.2  25.4 -
5 | 3229 38.7 | 27 1002.3 32 ] 9.8 9.8 18.3 -
il a3 40 | 25.6 | 9595.3 a2 o] 9.5 9.6  18.3 -
7 [32.8 40 |24.2 | 995.3 48 0 8.2 | 7.8  14.8 -
8 |32.9 359.B|25.1  1001.5 85 o] 6.4 | 7.2 | 18.3 -
9 |32.5 | 40.7| 25 1002 a4 o) 4 8.1  1s8.3 -
i | 332.6 41.2 26.8 1001.9 46 ] & | 10.2 22.2 -
11 | 35.5 44.9 26.7  1001.7 38 o] 7.5 7.2 | 18.3 -
12 | 24.7  44.2 | 26.8  1001.6 41 0 7.7 | 8.5 | 20.6 -
iz 34.5 45.1 25.5 1000.8 42 | 0.51 7.1 10.2 22.2 -
14 | 24.9 45.1 | 25.4 955.4 47 o) 7.4 | 10.2 | 24.1 -
15  326.9 45.1  253.9 958.7 22 ] a8 10 | 20.6 -
16 36.9 46.4 26 9595.1 21 o] 7.5 | 5.1 | 18.3 -
i¥ | 37.6 | 45.1 | 27.9 | 995.3 22 0 F.1|15.7 | 33.5 -
18 35.9 46 29.5 1001 19 ] 9.2 13.1 25.4 -
19  35.9 44.9 28.1  1001.9 20 o] 8.5 | 14.1 | 27.8 -
20 | 36.2 444 28 1001.4 24 0 3.2 5.6 | 24.1 -
21 | 36.23  43.5  27.6  1000.2 25 o] 8.2| 9.6 | 22.2 -
22 | 36.3 46,1 | 27.8 99B.6 29 0 8.7 13.1 | 20.6 -
23 34.6 41.2 25 998.6 44 ] 9.2 18.1 27.8 -
24 | 33.8 41.1| 25 S957.32 47 o] 6.3 | 18.5 | 27.8 -
25  33.9 40,9 29 335.8 49 0 4.8 | 18.9 25.9 -
26 | 33.7 | 42.1 | 28 997 .4 a2 o] 6.8 | 12.6 | 20.6 -
27 | 24.7 | 42.2 | 28.7 | 9595.5 a1 o) = 8.7 | 24.1 -
28  34.3 35.9 28.5 1000.1 32 ] 6.8 9.3  20.6 -
29 | 35.1  42.9 | 27.8 | 955.4 46 o] 7.1|10.9 | 24.1 -
30 | 34.3 43.3 | 27.2 | 938.6 a3 0 7.2 | 13.3 | 22.2 -

Monthly means and totals:

24.8 | 42.7 | 27 1000.3 | 41.7 | 0.51 7.6 12.2 | 23.2 oo o 0
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Table II-12: Sharjah Weather Table - July 2010
(http://mww.tutiempo.net/en/Climate/Sharjah_International_Airport)

Weather 5harjai1 International .Airﬁurt

Main | Year 2010 climate~ | July 2010

Climatic mean values

2
u::mumul.nwmug

W R R R OR R R ORI R OR KRR R R R R
S S M st W LRSS L R RS

T
4.4
24.6
35.1
39.4
24.9
35.7
28.4
37.4
37 .4
35.7
36.7
27.8
39
41
28.7
a7.1
26.4
38.3
26
26
37.
36,
27.
27.
29.4
35.2
36.1
28.4
37.7
27.5
28.8

P W M W e

6.9

™
41.3
42.3
43.6
43.7
41 .4
42
435
43.7
42
42.1
43.4
44,5
45.6
47
45,
45.
45,
46,
44,
42,
45.3
43.4
43.6
45.2
41.5
39
41.1
44,9
45
43.5
47.5

L T I S I v R

44

Tm
28.6
28.6

28
20
29
27.5
Z2.6
32
33.1
bl
31
z0.9
31.4
34.1
z3
27
23.1
21
31
z0.8
31.9
31
31
33
=1
30
31.7
32.6
31
z0.4
28

20.8

SLP
956.9
958.7
958.2
358.4
958.2
957.1
957.8
1000.5
1001.1
i001.2
1001.6
9559.5
9596.9
958.1
9559.5
598
996.2
9596.5
954.56
952.9
994.2
3594.6

S535
955,
954,
9595,
5954,
9535,
956.
997.
958,

b B It R R v R N R Y R

Monthly means and totals:
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H
56
53
1=
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PP VV
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Wl M 00~ 00 00 00 00 0o
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44.2 0 B.1
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i2.6
9.6
20.4
15.6
14.
ii
13
i4
14
17
i4.
10.

g
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5.8
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10.7
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15.7
13.3
5.8
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Table 1I-13: Sharjah Average Weather Table in First and Second Semester - Aca-

demic Year 2009-2010 (Done by the Author)

Concluded from tables (II-2) to (lI-12)

Average

T

™

Tm SLP | H PP WV v VM
First 251 | 3222 |1884 |1013.7 | 6052 | 11.532 | 9.2 892 | 18.66
Semester
second | 4159 | 388 [236 | 10055 |4548 | 2338 |8.6 11.72 | 23.78
Semester
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lll. Appendix C: The Results (Raw Data)

1.1 Teachers’ Questionnaires

Table Ill-1: Answers for Question 1 (Done by the Author).

Do you have any health issue/s?

School-A School-B
No No

No No

Yes (Migraine) No

No No

No No

No No

No No

No Yes (Hypothyroidism)
No No

No No

Table IlI-2: Answers for Question 2 (Done by the Author).

Do you think lighting is affecting you negatively?

School-A School-B
No No
No No

Yes (Too low)

Yes(Eyestrain and discomfort)

No

Yes

Yes (Migraine)

Yes (Discomfort — Annoying)

No No

Yes Yes

No Yes(Eyestrain and discomfort)
No No

No

No
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Table 1lI-3: Answers for Question 3 (Done by the Author).

How do you describe your overall behavior:

School-A School-B
Early in . Early in .
the Mid of End of the Mid of End of
. the day the day ) the day the day
morning morning
Tired Tired Good Active Active Tired
Tired Good Tired Active Active Tired
Tired Active Tired Good Good Good
Good Good Tired Good Good Good
Good Good Tired Good Good Good
Active Tired Tired Good Good Good
Good Good Tired Good Good Good
Good Good Good Active Tired Active
Good Good Good Good Good Good
Good Good Good Active Active Tired
Table lll-4: Answers for Question 4 (Done by the Author).

How do you evaluate the ventilation in your classroom?
(1poor — 5excellent)

School-A

School-B

W| Wl W W Wl N P W D>

w| g O w| g O] Wl w| b b
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Table IlI-5: Answers for Question 5 (Done by the Author).

How do you evaluate the impact of lighting on you and your perfor-

mance? (1poor — 5excellent)
School-A School-B

w| N gl A w| w| w N w] s~
gl o N & g w| & g R| R

Table IlI-6: Answers for Question 6 (Done by the Author).

How do you evaluate the impact of lighting on the students and their

performance? (1lpoor — 5excellent)
School-A School-B

Wl N O B B W W N Wb
O N W A W W WA D
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Table llI-7: Answers for Question 7 (Done by the Author).

Major general issues you have in your classroom (things you wish to

change in-order to improve performance):

School-A School-B
None None
None None
None None

AC noise and smell
Circulation of air None

Small, cramped space

AC that can be controlled None

Wash sinks in the classroom
Bigger space None

Advanced audio-visual aids

Larger classrooms

Centers for different activities None

Storage more child friendly Cooling system (too hot or too
Areas to store artwork cold) never balanced

None None

None Ventilation

Table 111-8: Answers for Question 8 (Done by the Author).

What is the major health issue you and your students are suffering

from mainly:
Health Issue: School-A School-B
Respiratory irritation 111
Allergy 1111 11
Eye, nose and throat irritation 111111 11
Sensation of dry mucous membranes 111
and skin
Headaches 11
Wheezing 1

Cough 11111 1
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Table 11I-9: Answers for Question 9 (Done by the Author).

Teachers’ Comments:

School-A

School-B

None

None

Need better ventilation as cold

The color of light wasn’t changed

are common in my class
None None
None None
None None
None None
The experimental lighting isn’t
None
suitable in my opinion
Storage for artwork None
None None
None None
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1.2 Students’ Grades

Results of school-A
Class Al

Table 1lI-10: Class Al Grade Report - First Semester

School-A Class A1 First Semester

o

pd o o0 7 P @ ® -

s 2 |ES|8 |85 S |2 |5 |g3.|¢

318 |25z |86 |2 |§ |65k |¢&

1 NM 82 89 93 99 95 90 71 82
2 72 70 73 64 61 68 72 69 67
3 93 98 89 95 94 82 87 81 71
4 89 99 89 91 98 91 91 85 82
5 92 91 87 92 97 92 85 81 89
6 NM 83 88 99 95 95 89 86 80
7 NM 95 93 92 90 85 91 81 94
8 80 73 82 77 72 69 80 82 70
9 NM 70 78 70 73 72 76 74 75

87 89 89 83 91 91 81 82
90 91 83 96 95 87 85 88 85
89 83 93 71 79 94 91 71 71
NM 64 63 72 76 83 65 72 72
93 90 91 93 93 85 89 81 90
80 76 76 78 76 78 75 72 81
NM 70 78 87 90 80 79 81 89
87 72 88 76 94 85 90 73 96
72 70 68 74 72 72 65 75 60
89 88 82 82 85 83 84 81 92
93 83 84 79 70 80 80 82 71

=Y
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=
w
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N

=
(6}

=
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Table IlI-11: Class Al Grade Report - Second Semester

School-A Class A1 Second Semester

o

pd = oW 0 2 Q é -

s |2 |Es|8§ |Es|E |2 |5 |B.|¢%

3 6 |25 | < & |5 S 3 65 | & o
1 F | NM | 8 | 94 | 97 | 9 | 95 | 92 | 72 | 83
2 M | 70 | 76 | 70 | 60 | 60 | 73 | 72 | 67 | 65
3 M 98 96 93 91 93 94 91 81 71
4 F | 8 | 96 | 90 | 93 | 94 | 96 | 92 | 87 | 82
5 M | 90 | 96 | 84 | 95 | 99 | 89 | 82 | 89 | 87
6 F | NM | 8 | 93 | 96 | 92 | 91 | 95 | 83 | 83
7 M NM 93 94 90 98 93 96 84 93
8 F 82 77 80 74 75 70 78 85 72
9 M | NM | 75 | 81 | 75 | 74 | 80 | 83 | 75 | 70
10 M | NM | 83 | 91 | 82 | 81 | 85 | 89 | 81 | 80
11 M 93 94 88 94 99 92 90 89 82
12 M 85 86 90 73 79 80 88 77 71
13 F NM 63 73 70 72 76 71 77 76
14 M | 91 | 92 | 90 | 96 | 90 | 93 | 92 | 87 | o1
15 M 83 70 87 76 71 81 89 70 82
16 F NM 69 85 89 91 81 84 79 93
17 M 80 75 86 75 95 88 89 71 94
18 F | 75 | 78 | 68 | 73 | 75 | 74 | 70 | 73 | 63
19 M | 85 | 82 | 91 | 87 | 80 | 86 | 88 | 82 | 90
20 F 98 83 85 77 72 85 83 88 70
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Results of school-A
Class A2

Table llI-12: Class A2 Grade Report - First Semester

School-A Class A2 First Semester

o

z o o0 0 | D @ © -

g |2 |E5 |8 |Es|E |£ |5 |B.|¢

3 6 |25 | < & |5 S 3 65 | & o
1 F | NM | 8 | 94 | 97 | 95 | 99 | 96 | 98 | 87
2 M | 93 | 8 | 85 | 70 | 81 | 80 | 83 | 82 | 79
3 F | NM | 97 | 94 | 95 | 87 | 88 | 92 | 93 | 77
4 M | 90 | 90 | 83 | 82 | 77 | 92 | 80 | 92 | 90
5 M NM 50 63 73 70 72 60 63 80
6 F 95 94 92 88 90 98 90 99 88
7 F | NM | 92 | 95 | 98 | 100 | 98 | 97 | 96 | 89
8 M | 86 | 8 | 77 | 78 | 84 | 94 | 75 | 92 | 98
9 M | NM | 89 | 64 | 66 | 70 | 69 | 66 | 83 | o1
10 M 84 76 63 65 63 74 61 80 93
11 F NM 77 99 99 100 98 97 92 92
12 M | 75 | 66 | 64 | 69 | 83 | 78 | 64 | 80 | 90
13 F | NM | 73 | 8 | 93 | 92 | 90 | 86 | 94 | 90
14 F 82 70 75 81 82 83 77 90 93
15 F 77 80 80 78 75 82 78 75 98
16 M 100 87 94 94 87 89 92 99 97
17 F | 80 | 90 | 92 | 77 | 75 | 93 | 90 | 93 | 92
18 F | 66 | 8 | 88 | 79 | 77 | 82 | 80 | 89 | 80
19 F NM 66 84 92 93 89 88 87 82
20 M 96 95 99 97 100 99 97 93 98
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Table 1lI-13: Class A2 Grade Report - Second Semester

School-A Class A2 Second Semester

o

pd = oW 0 2 Q é -

g |2 |E5 |8 |Zs|E |£ |5 |B.|¢

3 6 |25 | < & |5 S 3 65 | & o
1 F | NM | 8 | 97 | 96 | 97 | 98 | 99 | 99 | 85
2 M | 89 | 8 | 84 | 66 | 81 | 79 | 82 | 81 | 80
3 F | NM | 99 | 92 | 97 | 92 | 93 | 94 | 93 | 80
4 M | 91 | 89 | 80 | 81 | 82 | 91 | 79 | 90 | 90
5 M | NM | 55 | 67 | 73 | 70 | 68 | 65 | 72 | 79
6 F | 99 | 8 | 92 | 93 | 92 | 92 | 91 | 95 | 89
7 F NM 89 96 98 99 99 98 97 91
8 M | 93 | 86 | 82 | 82 | 84 | 95 | 80 | 94 | 95
9 M | NM | 84 | 75 | 71 | 65 | 70 | 74 | 81 | 93
10 M 80 78 73 74 73 72 71 82 94
11 F NM 79 95 99 98 99 97 85 92
12 M 83 69 71 69 81 82 69 80 93
13 F | NM | 68 | 89 | 91 | 92 | 94 | 91 | 92 | 90
14 F | 80 | 66 | 78 | 81 | 83 | 84 | 80 | 93 | 94
15 F 82 78 75 79 77 76 79 78 98
16 M 99 87 92 91 94 95 90 96 99
17 F 85 89 94 82 80 92 91 87 86
18 F | 70 | 75 | 82 | 83 | 82 | 81 | 80 | 89 | 80
19 F | NM | 67 | 94 | 92 | 89 | 93 | 92 | 90 | 74
20 M 98 99 97 99 95 97 99 93 97
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Results of school-B

Class B1

Table lll-14: Class B1 Grade Report - First Semester

School-B Class B1 First Semester

o ) o
z o _un| < o Q 2 £ =
S |26 % |86 40 |2 |8 |2 |26l |3 |SE
1 100 100 99 97 100 98 100 98 100 98 100
2 100 99 93 74 100 82 100 99 100 98 100
3 98 84 100 67 92 81 100 94 83 83 85
4 97 84 94 96 100 99 99 91 82 83 83
5 100 95 95 84 94 90 100 95 95 95 95
6 100 97 98 95 100 94 100 95 95 95 95
7 99 95 94 94 100 91 99 96 95 93 93
8 100 99 99 98 100 100 100 99 100 98 98
9 100 93 98 79 94 88 100 97 93 95 93
10 99 92 100 87 99 93 100 95 90 85 88
11 100 98 99 86 96 90 100 98 97 98 98
12 100 99 97 96 100 95 100 99 98 98 98
13 100 96 99 84 100 92 100 95 93 93 95
14 97 90 95 78 100 80 100 94 88 85 88
15 98 91 93 85 94 91 100 90 92 88 90
16 98 89 100 74 96 92 100 98 85 85 85
17 98 91 100 77 93 93 100 95 90 85 85
18 100 94 98 93 99 95 99 97 93 93 88
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Table lllI-15: Class B1 Grade Report - Second Semester

School-B Class B1 Second Semester

<) 0 o
Z n 0| < Q () 2 £ =

s |EL£|2 |=S|Z2 |2 |5 |5 | =88 |5 |25
5] S| © o 2 5] o 5] S5| @ k7 =
() Lun | < nou| w = () < IQ0| x | Own
1 100 100 100 99 99 99 100 99 100 100 100
2 100 100 96 77 100 84 96 99 100 100 100
3 98 87 100 67 86 82 94 96 90 90 90

4 96 87 96 96 99 98 99 92 87 85 88

5 100 98 98 81 89 91 97 96 100 100 100
6 100 99 99 93 96 94 98 96 98 100 100
7 100 97 97 93 99 92 94 97 97 100 100
8 100 100 100 98 99 98 99 99 100 100 100
9 100 96 99 87 94 91 97 98 98 98 100
10 99 95 100 84 94 93 98 96 97 98 95

©
~
(e}
(o]

11 100 | 99 99 81 94 88 100 | 100 | 100
12 100 | 100 |99 96 100 | 96 100 | 99 100 | 100 | 100
13 100 | 97 100 | 83 96 89 97 98 97 95 95
14 99 91 97 76 96 86 95 96 90 90 90
15 99 93 97 87 94 92 97 96 95 93 93
16 99 91 99 72 88 88 95 94 90 90 90
17 99 92 100 | 73 88 87 94 98 93 90 90
18 100 | 97 99 93 98 94 99 97 100 | 100 | 100
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Results of school-B

Class B2

Table IlI-16: Class B2 Grade Report - First Semester

School-B Class B2 First Semester

o ) o
z o 0| < o K 2 £ =
s |E5|8 |%s|g |£ |s |z |z8|F |8 |iB
S |26 % |8&|40 |2 |8 |2 |26 |3 |SE
1 96 96 100 78 93 87 99 99 97 95 93
2 100 99 97 75 90 84 99 100 98 98 100
3 95 94 100 60 90 66 99 96 95 90 90
4 94 94 98 54 71 53 99 99 97 93 93
5 96 97 100 94 100 95 99 100 98 95 98
6 95 93 93 86 97 91 99 98 93 93 93
7 94 9 92 70 92 73 99 98 93 93 93
8 94 89 99 59 74 61 99 99 88 90 88
9 97 98 100 79 90 85 99 98 98 98 95
10 96 95 100 93 93 97 99 99 95 90 95
11 96 99 100 86 96 94 99 97 98 98 98
12 94 88 97 82 99 80 99 98 83 85 88
13 100 100 100 100 100 99 99 100 100 98 100
14 95 95 100 63 92 75 99 96 93 90 95
15 100 99 100 92 91 95 99 100 98 100 95
16 98 95 98 69 84 66 99 97 93 93 93
17 95 88 100 73 76 82 99 97 90 85 85
18 98 95 100 91 100 93 99 97 95 93 93
19 100 99 100 93 99 96 99 99 98 98 98
20 100 94 100 94 92 95 99 100 95 95 93




[169]

Table IlI-17: Class B2 Grade Report - Second Semester

School-B Class B2 Second Semester

(@] %) (@]

Z o9 _ 9| <c 3 o 2 £ =

s |Es|3 [S5|S |2 |5 |2 | 28| |8 |28
-—_ = — el © ‘© © I 1% T

S |26 =% |8&|40 |= |8 |2 |2 |3 |SE
97 |97 |100 |84 |9 |90 |97 |100 |95 |100 |9

100 | 100 |99 80 89 89 97 99 100 | 100 | 100
95 95 98 58 85 71 95 97 95 95 93
96 97 99 62 75 64 94 97 98 100 | 100
96 98 97 98 100 | 98
96 95 97 89 92 93 97 100 | 97 98 100
95 96 96 75 89 78 98 96 97 95 95
95 90 99 65 69 68 90 100 | 90 93 90
97 99 100 | 86 89 90 96 98 98 100 | 98
98 96 100 | 95 95 98 99 97 100 | 93 93
100 | 90 96 95 99 99 100 | 100 | 100
94 91 98 87 99 88 98 98 93 95 90
100 | 100 | 100 |99 100 | 99 99 99 100 | 100 | 100

o|o|N|o|gldw|N|k
©
\l
©
oo
H
o
o
©
=
©
©

PRk

w(N|R|O
©
\l
[N
o
o

14 96 97 99 71 93 79 98 98 100 | 95 95
15 100 | 99 100 | 93 86 96 98 98 98 98 98
16 99 96 99 70 72 72 94 100 | 95 95 93
17 96 89 100 | 74 73 85 95 99 93 90 88
18 99 95 100 | 92 96 95 98 96 95 90 90
19 100 | 100 |100 |97 98 98 99 100 | 100 | 100 | 100

100 | 97 99 93 92 96 98 99 100 | 98 100

N
o
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Results of school-B

Class B3 (Reference 1)

Table IlI-18: Class B3 Grade Report - First Semester (Reference 1)

School-B Class B3 First Semester (Reference 1)

o %) o)

p o 0 ol < o o 2 £ =

g |E5|3 |85/% |£ |8 |z |=8|% |& |:&

$ |es|lx |a&|lad |= |8 |& ||l |3 |SE
96 94 98 82 95 94 99 91 80 78 78
92 80 100 69 76 86 99 70 a0 90 88
95 92 98 63 98 75 99 90 93 90 95

100 | 100 | 100
100 | 100 | 100

©
(o¢]
©
w

79 73 86
100 | 100 | 95 69 99

o)
l_\
©
©
©
~

O INOA|BRWIN|F
©
a1
©
=
©
oo

100 | 100 | 100 | 97 99 99 99 98 58 70 73

82 70 98 97 89 97 99 90 78 88 83

92 84 97 75 70 79 99 75 97 98 95
9 100 | 97 100 | 58 84 82 99 98 98 100 | 98
10 100 | 99 100 | 77 95 88 99 97 100 | 100 | 100
11 100 | 99 100 | 79 94 80 99 98 98 98 100
12 100 | 99 98 85 92 89 99 94 88 90 88
13 96 88 100 | 84 81 95 99 90 83 85 90
14 95 89 100 | 50 91 74 99 92 88 88 93
15 97 92 100 | 64 89 75 99 95 97 98 95
16 100 | 100 | 98 65 83 73 99 95 100 | 100 | 100
17 99 95 99 74 97 86 99 95 62 78 63
18 100 | 99 100 | 98 98 97 99 95 98 98 100
19 75 72 100 | 83 69 92 99 88 88 90 88
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Table IlI-19: Class B3 Grade Report - Second Semester (Reference 1)

School-B Class B3 Second Semester (Reference 1)

o » o

z oW _ 0| < a 2 2 £ =

s |Es|5 [S5|S |2 |5 |2 | 28| |8 |28
8 I 3 < S = 5 =

s |2eh|l=z |83|d |= |& |€ |2&|e |3 |SE
97 |92 |99 |83 |91 |95 |9 |94 |70 |75 |83
93 |78 |99 |65 |76 |86 |89 |74 |93 |90 |95
79 |74 |99 |60 |64 |75 |93 |88 |87 |80 |95

96 91 97 78 97 89 94 94 100 | 100 | 100
88 96 62 68 81 89 95 100 | 100 | 100
100 | 100 |100 |97 99 99 98 96 50 70 75
100 | 100 |99 95 100 | 98 98 99 83 80 80
84 69 99 59 58 84 90 75 97 100 | 95
92 83 95 71 84 82 95 92 100 | 100 | 100

OR[N0 [WIN|F
©
a1

10 99 98 100 | 76 81 88 92 98 100 | 100 | 100
11 100 | 99 100 | 80 90 86 94 98 97 100 | 95
12 100 | 100 |99 86 85 91 98 98 83 90 88
13 99 97 99 85 87 94 99 95 85 90 90
14 95 88 100 | 62 81 81 95 93 87 88 88
15 94 86 99 56 80 75 89 90 98 100 | 95
16 100 | 100 | 100 | 75 84 86 97 98 97 100 | 100
17 95 88 99 65 78 73 93 97 63 88 80
18 99 96 100 | 94 97 97 98 96 97 100 | 95

100 | 97 99 84 95 90 97 95 83 90 88

=
©
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Results of school-B

Class B4 (Reference 2)

Table 11I-20: Class B4 Grade Report - First Semester (Reference 2)

School-B Class B4 First Semester (Reference 2)

o ) o
z o 0| < o K 2 £ =
S |26 x |86 40 |2 |8 |2 |26l |3 | ST
1 100 100 100 95 100 94 96 100 100 100 100
2 96 93 97 94 95 97 94 99 92 90 90
3 100 100 100 87 96 84 98 97 100 100 100
4 100 100 100 97 96 98 97 100 100 100 100
5 96 92 100 97 95 98 99 100 93 95 93
6 100 98 100 78 94 81 95 100 82 100 95
7 94 85 94 62 73 71 80 100 85 85 78
8 97 93 99 61 86 76 90 99 97 90 90
9 95 82 99 51 76 66 96 98 90 88 80
10 100 100 100 99 100 100 99 100 100 100 100
11 99 97 100 79 96 88 99 99 95 98 98
12 98 94 100 84 96 95 99 97 97 95 93
13 94 85 98 41 72 60 97 92 88 83 83
14 78 76 100 53 92 58 98 96 67 75 63
15 95 100 95 85 93 95 98 98 100 100 100
16 100 94 100 80 95 80 99 99 93 93 93
17 63 65 94 27 45 43 97 90 60 65 65
18 70 96 100 74 99 86 99 98 93 93 88
19 91 94 99 82 79 94 99 99 100 100 98
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Table IlI-21: Class B4 Grade Report - Second Semester (Reference 2)

School-B Class B4 Second Semester (Reference 2)

o ) o

z o 0 0| < Q Q 2 £ =
S |28 |8&|8 |2 |& |2 |28|& |8 |8¢§
1 100 [ 100 [1200 |95 |99 [94 |99 [100 |[100 |100 | 100
2 9% |95 |98 |94 |95 [96 [98 [100 [97 |95 |93
3 100 [ 100 [1200 [93 |94 |89 |98 |99 100 | 100 | 100
4 100 [ 100 [100 [98 |98 [99 [99 [100 |[100 |100 | 100
5 98 |94 [100 [97 |95 |98 |98 [100 |98 |100 |95
6 99 |96 100 [82 |96 [86 |97 [100 |93 [100 |95
7 94 |84 |95 |65 |70 |74 |88 [100 |90 |85 |75
8 97 [93 |99 [69 [8 |79 |95 [100 [92 |93 |90
9 92 [80 |97 [52 |65 |74 |90 |99 |78 |78 |85
10 | 100 [100 | 100 |99 100 | 100 [100 [ 100 [100 | 100 | 100
11 |99 |97 100 [83 |93 [90 |98 [100 |80 |98 |90
12 |98 |95 100 [88 |93 [96 |98 |98 |78 |98 |95
13 |94 |83 |99 |54 |68 |71 |91 |94 [78 |80 |85
14 |83 |71 |99 |58 |92 |61 |96 |97 |67 |50 |70
15 [96 |92 [98 |84 [83 |97 [98 |98 [100 |[100 | 100
16 100 [100 |99 [85 |96 [88 [96 |99 |95 |90 |90
17 |67 |64 |96 [31 |50 |50 [90 |90 [67 [50 |65
18 |98 |94 [100 [72 |79 |85 |97 |98 [83 [90 |90
19 100 [ 100 [100 [84 [99 [94 [99 |98 |93 |95 |98
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V. Appendix D: Detailed Charts for School-A

Islamic Studies - Al

100

o5 //\ &/
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s ~\‘,/5 \__ A //

80 S~
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70 ’

1 2 3 4 5 6 7 8 9 10 11 12 13

- First Semester - Experimental Lighting Second Semester - Existing Lighting

Figure IV-1: Class Al Islamic Studies Results Comparison Chart (Done by the au-
thor).

Arabic - Al
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70
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= First Semester - Experimental Lighting Second Semester - Existing Lighting

Figure IV-2: Class Al Arabic Results Comparison Chart (Done by the author).
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Social Studies - A1

100

90 - V= A N N
N N — ‘>
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
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Figure IV-3: Class Al Social Studies Results Comparison Chart (Done by the au-
thor).

Literacy - Al
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Figure IV-4: Class Al Literacy Results Comparison Chart (Done by the author).

Math - A1
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Figure IV-5: Class Al Math Results Comparison Chart (Done by the author).
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Science - Al
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Figure IV-6: Class Al Science Results Comparison Chart (Done by the author).

Geography - Al

100
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Figure IV-7: Class Al Geography Results Comparison Chart (Done by the author).

French - Al
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Figure IV-8: Class Al French Results Comparison Chart (Done by the author).
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PE- Al
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Figure IV-9: Class Al PE Results Comparison Chart (Done by the author)

Islamic Studies / Gender - Al
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Figure IV-10: Class Al Islamic Studies / Gender Results Comparison Chart (Done
by the author).

Arabic / Gender - A1
100
90 - " A ]
N = Experimental Male
80 - N = Experimental Female
‘ 71
= Existing Male
70 / g
= Existing Female
60 ; ;
1 2 3 4 5 6 7 8 9 10 11 12

Figure IV-11: Class Al Arabic / Gender Results Comparison Chart (Done by the
author).
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Social Studies / Gender - Al

100
95
90 N ~ /S 2

- / \ /r ?\ d = Experimental Male
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Figure IV-12: Class Al Social Studies / Gender Results Comparison Chart (Done
by the author).

Literacy / Gender - Al

100
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80 \ \EJ'/L = Experimental Female
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Figure IV-13: Class Al Literacy / Gender Results Comparison Chart (Done by the

author).

Math / Gender - Al
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Figure IV-14: Class Al Math / Gender Results Comparison Chart (Done by the au-
thor).
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Science / Gender - Al
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Figure IV-15: Class Al Science / Gender Results Comparison Chart (Done by the
author).

Geography / Gender - Al
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Figure IV-16: Class Al Geography / Gender Results Comparison Chart (Done by
the author).
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French / Gender - Al
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Figure IV-17: Class Al French / Gender Results Comparison Chart (Done by the
author).
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Figure IV-18: Class Al PE/ Gender Results Comparison Chart (Done by the au-
thor).
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Figure IV-19: Class A2 Islamic Studies Results Comparison Chart (Done by the
author).

Arabic - A2
100
AN = AN
70 \\ :// “&'
60
50

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

\V

= First Semester - Existing Lighting Second Semester - Experimental Lighting

Figure IV-20: Class A2 Arabic Results Comparison Chart (Done by the author).
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Figure IV-21: Class A2 Social Studies Results Comparison Chart (Done by the au-
thor).
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Literacy - A2
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Figure IV-22: Class A2 Literacy Results Comparison Chart (Done by the author).
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Figure IV-23: Class A2 Math Results Comparison Chart (Done by the author).
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Figure IV-24: Class A2 Science Results Comparison Chart (Done by the author).
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Geography - A2
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Figure IV-25: Class A2 Geography Results Comparison Chart (Done by the author).
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Figure IV-26: Class A2 French Results Comparison Chart (Done by the author).
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Figure IV-27: Class A2 PE Results Comparison Chart (Done by the author).
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Islamic Studies / Gender - A2

100 *
90 T ,

N / = EXisting Male
80 / Existing Female
\ == Experimental Male
70 \\
= Experimental Female
60

Figure 1V-28: Class A2 Islamic Studies / Gender Results Comparison Chart (Done
by the author).
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Figure IV-29: Class A2 Arabic / Gender Results Comparison Chart (Done by the
author).
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Social Studies / Gender - A2
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Figure IV-30: Class A2 Social Studies / Gender Results Comparison Chart (Done
by the author).
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Figure IV-31: Class A2 Literacy / Gender Results Comparison Chart (Done by the
author).
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Figure IV-32: Class A2 Math / Gender Results Comparison Chart (Done by the au-

thor).
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Figure IV-33: Class A2 Science / Gender Results Comparison Chart (Done by the

author).
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Figure IV-34: Class A2 Geography / Gender Results Comparison Chart (Done by

the author).
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French / Gender - A2
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Figure IV-35: Class A2 French / Gender Results Comparison Chart (Done by the
author).
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Figure IV-36: Class A2 PE / Gender Results Comparison Chart (Done by the au-
thor).
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V. Appendix E: Detailed Charts for School-B
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Figure V-1: Class B1 Islamic Studies Results Comparison Chart (Done by the au-
thor).
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Figure V-2: Class B1 Arabic Results Comparison Chart (Done by the author).
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Figure V-3: Class B1 Social Studies Results Comparison Chart (Done by the au-
thor).



[189]

English - B1
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Figure V-4: Class B1 English Results Comparison Chart (Done by the author).
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Figure V-5: Class B1 Math Results Comparison Chart (Done by the author).
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Figure V-6: Class B1 Science Results Comparison Chart (Done by the author).
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Activities - B1
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Figure V-7: Class B1 Activities Results Comparison Chart (Done by the author).
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Figure V-8: Class B1 Holy Quran Results Comparison Chart (Done by the author).
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Figure V-9: Class B1 Reading Results Comparison Chart (Done by the author).
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Listening - B1
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Figure V-10: Class B1 Listening Results Comparison Chart (Done by the author).

Conversation - B1
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Figure V-11: Class B1 Conversation Results Comparison Chart (Done by the au-
thor).
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Figure V-12: Class B2 Islamic Studies Results Comparison Chart (Done by the
author).
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Figure V-13: Class B2 Arabic Results Comparison Chart (Done by the author).
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Figure V-14: Class B2 Social Studies Results Comparison Chart (Done by the au-

thor).
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English - B2
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Figure V-15: Class B2 English Results Comparison Chart (Done by the author).
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Figure V-16: Class B2 Math Results Comparison Chart (Done by the author).
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Figure V-17: Class B2 Science Results Comparison Chart (Done by the author).
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Activities - B2
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Figure V-18: Class B2 Activities Results Comparison Chart (Done by the author).
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Figure V-19: Class B2 Holy Quran Results Comparison Chart (Done by the author).
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Figure V-20: Class B2 Reading Results Comparison Chart (Done by the author).
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Listening - B2
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Figure V-21: Class B2 Listening Results Comparison Chart (Done by the author).
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Figure V-22: Class B2 Conversation Results Comparison Chart (Done by the au-
thor).
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Figure V-23: Classes B1 and B2 Islamic Studies Results Comparison Chart (Done
by the author).
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Figure V-24: Classes B1 and B2 Arabic Results Comparison Chart (Done by the
author).
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Social Studies - B1 and B2
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Figure V-25: Classes B1 and B2 Social Studies Results Comparison Chart (Done
by the author).
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Figure V-26: Classes B1 and B2 English Results Comparison Chart (Done by the
author).
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Math - B1 and B2
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Figure V-27: Classes B1 and B2 Math Results Comparison Chart (Done by the au-
thor).
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Figure V-28: Classes B1 and B2 Science Results Comparison Chart (Done by the
author).
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Activities - B1 and B2
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Figure V-29: Classes B1 and B2 Activities Results Comparison Chart (Done by the
author).

Holy Quran - B1 and B2
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Figure V-30: Classes B1 and B2 Holy Quran Results Comparison Chart (Done by
the author).
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Reading - B1 and B2
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Figure V-31: Classes B1 and B2 Reading Results Comparison Chart (Done by the
author).
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Figure V-32: Classes B1 and B2 Listening Results Comparison Chart (Done by the
author).
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Conversation - B1 and B2
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Figure V-33: Classes B1 and B2 Conversation Results Comparison Chart (Done by
the author).
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Figure V-34: Class B3 Islamic Studies Results Comparison Chart (Done by the au-
thor).
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Arabic - B3 (Reference)
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Figure V-35: Class B3 Arabic Results Comparison Chart (Done by the author).

Social Studies - B3 (Reference)
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Figure V-36: Class B3 Social Studies Results Comparison Chart (Done by the au-
thor).

English - B3 (Reference)
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Figure V-37: Class B3 English Results Comparison Chart (Done by the author).



[203]

95
85
75
65
55

Math - B3 (Reference)

TN

e

N 2

P

_ \V

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

e First Semester

Second Semester

Figure V-38: Class B3 English Results Comparison Chart (Done by the author).
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Figure V-39: Class B3 Science Results Comparison Chart (Done by the author).
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Figure V-40: Class B3 Activities Results Comparison Chart (Done by the author).
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Holy Quran - B3 (Reference)
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Figure V-41: Class B3 Holy Quran Results Comparison Chart (Done by the author).

Reading - B3 (Reference)
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Figure V-42: Class B3 Reading Results Comparison Chart (Done by the author).

Listening - B3 (Reference)

NERVARDZERANEVALY N
80 —/ 7/ he v

e First Semester Second Semester

70

1 2 3 4 5 7 8 9 10 11 12 13 14 15 16 17 18 19

Figure V-43: Class B3 Listening Results Comparison Chart (Done by the author).
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Conversation - B3 (Reference)
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Figure V-44: Class B3 Conversation Results Comparison Chart (Done by the au-
thor).
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Figure V-45: Class B4 Islamic Studies Results Comparison Chart (Done by the au-
thor).
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Figure V-46: Class B4 Arabic Results Comparison Chart (Done by the author).

Social Studies - B4 (Reference)
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Figure V-47: Class B4 Social Studies Results Comparison Chart (Done by the au-
thor).

English - B4 (Reference)
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Figure V-48: Class B4 English Results Comparison Chart (Done by the author).
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Math - B4 (Reference)
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Figure V-49: Class B4 Math Results Comparison Chart (Done by the author).

Science - B4 (Reference)
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Figure V-50: Class B4 Science Results Comparison Chart (Done by the author).
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Figure V-51: Class B4 Activities Results Comparison Chart (Done by the author).



[208]

Holy Quran - B4 (Reference)
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Figure V-52: Class B4 Holy Quran Results Comparison Chart (Done by the author).

Reading - B4 (Reference)

122 XA \\\I | Ié\\//_ \1\,,\ \'\ //
. SZAVENENNEAY

\V/HRY
70 V

60

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

e First Semester Second Semester

Figure V-53: Class B4 Reading Results Comparison Chart (Done by the author).

Listening - B4 (Reference)
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Figure V-54: Class B4 Listening Results Comparison Chart (Done by the author).
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Conversation - B4 (Reference)
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Figure V-55: Class B4 Conversation Results Comparison Chart (Done by the au-
thor).



