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ABSTRACT: The evolved relationship between humans and nature calls for sustainability with a focus on daylight
because various effects of light on humans is known. The importance of education resulted in research studies
(considering visual comfort, students' perception, and daylight) and reviews about their methodology. This paper
reviews those studies (n=55) to find the challenges they address and the applicability of those methods when it comes
to architecture design as a process. The results show that the use of Post-Occupancy-Evaluation (POE) results by one's
in practice is critical. The generalizability of outcomes from different classroom studies is questionable, and the
researches done in real environments are more reliable than lab studies. The results also mentioned that the present
status of simulation software in terms of usability is a severe concern, and there are high expectations from the
complicated architecture design process. The suggestions include incorporating the software skills in the undergraduate
architecture courses. The use of user-friendly and time-efficient metric/s which aid architects in the initial design stages
and the use of a model or software which considers and relates multiple comfort indices is needed. The evaluation of
lighting regarding both the daylight and artificial light in real environments is required. Further, the approach to design
sustainable buildings must be beyond achieving targeted values, and architects must consider multiple aspects that
determine human comfort while designing structures.

KEYWORDS: Daylight, Learning environments, Simulation, Architectural design process
I. INTRODUCTION

The effects of the age-old association of humans with nature may even exist before birth [1]. Many latest survey-based
research studies have shown the positive influence of natural environments on humans [2]-[6]. However, due to
industrialization and globalization, the direct relation of humans and the natural environment have reduced. In
developed nations, people spend maximum time indoors [7] with a change in lifestyle and growing living standards. In
the twenty-first century, occupants in office environments spend considerable time indoors [8] and experience more
mental labour compared to physical work [9]. This effect is closely related to the other non-residential building
occupants as well.

In history, buildings were designed in a way to use daylight efficiently. However, the technological developments
enabled the designers to design high-rise and chasmic buildings, which depended entirely on electrical energy for
illumination and contained windowless spaces within the core of the interior [10]. On the other hand, the exterior rooms
with full height glass windows provided the view and daylight, but on the cost of thermal and visual comfort [11]. A
design concept did evolve with a focus on energy efficiency but neglected the importance of excellent daylighting
within the buildings. Lately, the depletion of natural resources and technological advancements have driven the concern
towards energy efficiency in buildings [12]. A significant part of the present electricity use comes from non-residential
buildings because of the frequent use of air conditioning systems and artificial lighting [13]. This energy consumption
in buildings depends upon the occupants' comfort criteria, building design, and maintenance [14]. In addition to this,
building energy performance is also dependent upon the behaviour of occupants [15]. The energy-saving techniques
have reduced a lot of energy consumption in buildings [16], [17]. Lighting consumes a considerable amount of
electricity compared to other functions in a building which is associated with many environmental effects, hence using
daylight in buildings as a primary light source will reduce the lighting energy demand in buildings [12], [18], [19].
Along with this, reducing the number of artificial lights reduces the cooling load generated from them, which ultimately
reduces the total artificial cooling energy requirements [10]. This reduction in the demand for artificial lighting and the
depletion of natural resources clubbed with various environmental issues created awareness about sustainability in
society.
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"One of the basic aims of sustainability is to satisfy the needs of the population without harnessing the perspectives of
future generations™ [20]. The concern about lighting, in particular, can be addressed by using daylight, which can be
incorporated into the building using Passive Solar Techniques (PST). Studies have shown that these PST's were
economical [21]-[23]. Many green building rating systems have adopted daylight design strategies [24], the critical
aspect being physical metric measurements [25] with not much importance to natural light [21]. In the present scenario,
to ensure the effectiveness of energy savings, sustainability must focus beyond the energy-centric approaches and
examine occupant comfort, satisfaction, health, and well being [26].

Building design and its characteristics are directly related to occupant comfort [27] and satisfaction [28], which impacts
their performance and productivity [29] [30]. The parameters of occupant comfort are temperature, light, sound, indoor
air quality, colour, complexity, flexibility, ownership [31], personal control [7], [32], ionization, solar gain, vibrations,
safety and security factors, economic concerns [14] and maintenance. However, the exact relationship between these
factors is complicated, inter-related [33] and requires more research [27]. At the same time, there are growing demand
for improvement in Indoor Environmental Quality (IEQ) factors [34]. IEQ is a good indicator of the performance of a
building [35] which includes indoor air quality, acoustics, thermal comfort, and lighting. Poor IEQ harms building
occupants [36]. It affects the health and well being [37], [38], performance [36], [38], satisfaction and productivity [37]
of the occupants. From all of the factor which may affect the IEQ, visual comfort [39] and lighting [25], [40] are the
essential aspects because lighting, primarily through its non-visual medium affects occupant comfort, productivity, and
health [41], [42].

Throughout history, daylight has been an integral part of the buildings. Sunlight as a resource is unlimited and freely
available, which transforms any space providing the occupants with an emotionally inspiring experience. Hence, this
ability to both illuminate an area and to make it more stimulating is one of the main reasons why architects bring
natural light into space [43]. Daylight is also a controlled architectural tool [44] that creates lighting effects within
buildings, such as focusing at a particular place, highlighting some objects while concealing others, or even totally
neglecting its presence in especial cases [11]. Further, it is also the way natural light and building form interacts to give
a pleasing experience, along with occupant comfort and energy savings [45]. Illuminating Engineering Society (IES)
defines daylighting as who “refers to the art and practice of admitting beam sunlight, diffuse skylight and reflected light
from exterior surfaces into a building to contribute to lighting requirements and energy savings through the use of
electric lighting controls” [12]. The quality of daylight in buildings can be judged by the quality of visual task
performance, occupant satisfaction, its impact on health and well-being, its relation with the perception of space, and its
ever-changing nature because of seasonal variations [26]. Daylighting is the design of buildings to use light from the
Sun, appropriately done, it supports human health while reducing energy demand [10]. The dynamic nature of daylight
is capable of creating our indoor environments with special luminous events [10], for instance, even in an air-
conditioned room, people are attracted to sunlight [32], [46]. People have also shown a significant preference for
daylight over artificial light, which improved their performance [42]. In brief, the light is essential to humans because it
affects them through the visual, psychological, biological, and physiological systems [47], [48].

Il. BACKGROUND - "CLASSROOMS, STUDENTS AND VISUAL COMFORT"

Education has always been of prime importance in human society. It exercises both the mental and physical state of a
person to provide a set of knowledge, skills, and abilities [49]. Education and employment are directly related to the
overall development of a nation. In the present scenario, due to technological advancements and lifestyle changes,
students spend maximum time within their classrooms [31], [36]. The relationship between education, employment,
and technology decides a person's value in society [50]. However, urbanization and industrialization affected the
evolution of classroom designs [51]. In the present scenario, many different activities that require specific visual
settings happens in the same classroom [52]. The activities include reading, writing, and communication [49] supported
by audio and visual tools, computers, and internet access [53]. All these regularly developing advancements have made
learning more interactive, at the same time, an additional issue for the designers [54]. There is a constant challenge of
increasing the number of students per classroom [55]. All of these factors affect classroom design. Students have also
shown a preference for personal control in the classrooms [32]. Overall classroom climate has small-to-medium
positive associations with social competence, motivation and engagement, and academic achievement [56].

To evaluate the effect of classroom design on occupants, students' perception of their classroom is unavoidable.

Student's perceptions about their classroom environment include psychological, psycho-social, and physical
environment (ambient environment, spatial environment, and technology) [53]. Out of all these attributes, lighting is
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close to the pupil's learning [39] and their behaviour [57]. Good lighting in classrooms ensures student's performance,
motivation, alertness, attention [29], and concentration [58]. Artificial lighting causes visual (strain) and non-visual
(fatigue and circadian dysfunction) effects among students [59]. A classroom's overall lighting is important for ensuring
better circadian entrainment because the effect of the circadian system is more on children than on adults [60]. In this
overall lighting, daylight plays a very significant role. Classrooms devoid of daylight may upset the hormone pattern of
children, which may affect their concentration, annual body growth, and sick leave [61]. Daylight in classrooms have
shown positive effects on students' health, well-being, performance [19], [22], [59], [62], behavior, productivity [63],
and even seating preference [32], [63] of the students.

Daylight in the present scenario due to the vertical development of buildings, most of the time, especially in learning
environments, is admitted through windows. Windows have a complex effect on occupants [19]; still, people prefer
them for daylighting working environments [64]. Windows connect occupants to the ever-changing views of nature
[65]. Scenes of nature, the external world, and contact with outdoor spaces have shown positive effects [11], [55].
Outside views increase mood and productivity [10], [12], and provide information about weather, time of day, and
surrounding activities [10]. A recent study assessed the effect of a window on the emotional and thermal response on
86 participants in a lab setting. It found that having a window enhances psychological well-being by improving positive
emotion and reducing negative emotions, and providing a visual connection to the outdoors supports working-memory
and concentration that may be directly related to a worker’s productivity [66]. Hence daylight through/and windows
affect visual comfort within classrooms.

Visual comfort in classrooms is also directly related to energy consumption because of the use of artificial lights. An
insufficient quantity of daylight may increase energy consumption because of the use of artificial lights, on the other
hand, extra natural light, with unequal distribution may case glare and excessive solar gain [67]. Hence, if the fair use
of daylight reduces the need for artificial lights, it can be an essential strategy for energy efficiency in the buildings.
Further, the benefits from sunlight are hard to reproduce through artificial light, which has several adverse effects [59].
Nevertheless, imagining a workplace that relies only on natural light is not possible. Hence, daylight and its interaction
with artificial light are essential [68].

Several metrics, ways of measurements, and methods have been developed over the years to access the lighting quality
and quantity. The required amount of light ensures good quality but is not the only determinant [69]. An integrated
approach must examine the lighting quality. The latest study proposed a Lighting Quality Assessment Method (LQAM)
to assess lighting quality in educational rooms using the analytic hierarchy process using lighting criteria and sub-
criteria with related evaluation indicators. These are amount of light, glare, colour appearance, flexibility and
healthiness, which have a different impact on overall lighting quality [70]. Further, the environmental setting, type of
activities, aesthetics, various human needs (safety and security) [69], and their characteristics[71] will also decide the
appropriateness of good lighting.

The evaluation of daylit spaces needs accurate methods beyond building regulation, design techniques, which also
includes performance in terms of human comfort [43]. A subjective and objective evaluation of the thermal, acoustic,
and lighting comfort conditions in university classrooms concluded that the combination of measurements and
questionnaires provides a complete overview of classroom environmental quality [72]. Subjective measures to assess
lighting quality are general evaluations of lighting quality, questions examining discomfort glare, indoor environmental
quality scales, and affective response scales [40]. The objective measurements of the lighting quality include direct and
indirect measurements. Direct measurements are the once which use only one single metric to describe overall lighting
quality, whereas, the indirect measures use multiple metrics to describe lighting quality [73]. The most common metric
for assessing daylight exploitation are Illuminance, Uniformity ratio, and Daylight factor [11]. However, time-varying
predictions (climate-based metrics) proved to be more realistic than these metrics [43]. These include Useful Daylight
Illuminance (UDI), Daylight Autonomy(DA), Spatial Daylight Autonomy(sDA), Annual Sunlight Exposure(ASE),
Discomfort Glare Probability(DGP), and Spatial Visual Discomfort(SVD) [11]. High Dynamic Range (HDR) imaging
technology has also been proved helpful [74]. Many daylight simulation tools to analyze the daylighting performance
of a model in various environmental settings, such as Radiance, DAYSIM, Energy Plus, and Dialux [75] are useful.
These simulation tools avoid the costly and time-consuming field data collections [76].
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I1l. THE NEED FOR THE STUDY

The importance of buildings and education in human society along with the benefits of daylight calls for the
investigation of similar researches. Many kinds of research in learning environments (schools, classrooms, lecture halls,
university rooms, libraries) regarding students' comfort, preferences, indoor lighting, and visual comfort using
questionnaire forms, onsite measurements, and simulations are going on. These studies have contributed a lot towards
improving the quality of classrooms, but with their respective limitations. These limitations basically can be
categorized into two segments, first being the challenges in the methodology adopted for conducting them and second
the difficulty in the adoption of results by the professionals in practice for the overall improvement of educational
spaces. Hence, there is a need to perceive these barriers with the intent of improving the future designs of learning
environments.

IV. AIM AND METHODOLOGY

The paper addresses the classroom related researches and reviews intending to find the limitations mentioned by
various authors. The article also highlights the importance and challenges of the architecture design process addressed
by these researches.

A set of keywords (lighting, educational, daylight, classrooms, visual, comfort, satisfaction, Indoor Environmental
Quality, light in architecture) were searched based on the domain of research. The identified papers were then sorted
based on abstract and detail reading. Post detailed reading of those selected papers, certain specific terms were found
which served as a keyword to be searched. Table 1 summarizes the different combinations of the keywords. The past 11
years review papers and the past three years research papers were found. The type and number of documents referred
are shown in Table 2. The articles are classified as Classroom-Based Studies (CBS) and Non-Classroom Based
Studies(NCBS), which are further divided into Research Papers(RsP) and Review Papers(RvP) respectively, along with
the year of publication.

S.No. | KEYWORD

01 (humans) AND (nature OR natural environment)

02 (humans OR occupant) AND (buildings) - energy

03 (nature) AND (buildings) - energy

04 (indoor environmental quality) AND (buildings) - energy

05 (buildings) AND (daylight OR natural light)

06 (health) AND (daylight)

07 (health) AND (buildings)

08 (classroom design OR lecture halls OR learning environments) AND (student behaviour)

09 (windows) AND (visual comfort)

10 (measurements) AND (lighting quality) AND (visual comfort) AND (school OR classroom OR lecture halls
OR learning environments OR educational spaces)

11 architectural design

Table 1. List of Keywords Searched.
V. RESULTS

Many types of research in various classroom environments have used questionnaire surveys as an important tool. An
investigation of classrooms in Greece to find the side effects of natural light using Post Occupancy Evaluation (POE)
stated that POE studies are a useful tool to study indoor daylight conditions [77]. A study on school building design
considering environmental comfort stated that POE's should be a part of the school design process to avoid repetition of
errors [78]. Most of the POE study uses scales. A work analyzing the affective response of 918 students (from 30
different universities) to their classrooms mentioned that this approach has a limitation as the scales used in the survey
may not be interpreted by the interviewees correctly [79]. On the other hand, a recent study evaluating the accuracy of
daylight metrics in architectural studios concluded that the existing knowledge about the questionnaire and survey
process does increases the accuracy of results [80]. Similarly, the latest research on lecture halls of higher education
institutes relates survey results (n=207) to daylight simulations. One of the results of this study showed that the
architects were able to predict the daylight simulations results better than non-architects [81]. However, it would be
incorrect to expect the awareness level among participants regarding the respective surveys. The research examined the

IJIRSET © 2020 DOI:10.15680/1JIRSET.2020.0910092 10115



http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

A @Y %R
IJIRSET

| e-ISSN: 2319-8753, p-1SSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512|

|| Volume 9, Issue 10, October 2020 ||

effect of lighting conditions on 181 students from three different studies. Their concern was the studies to evaluate
lighting effect on achievement and behaviour of school students vary concerning the research design, types of lighting
systems, target groups, and outcome measures [58].

A study analyzed a total of 854 students' affective responses to their luminous environment in 29 classrooms. They
stated that conducting these type of studies in real environments is a difficult task; on the other hand, studies based in
laboratory environments generally uses easily manipulative electrical lighting [54]. A work evaluated the effects of
artificial light's colour temperature on 16 students in a controlled setting and found that relying on a single index for
evaluating lighting of classrooms in controlled lab experiments in insufficient [82]. A review of 58 field and laboratory
studies, which included a significant number of studies on educational environments. It showed that either the
disturbance caused to participants during data collection in field studies or the preconceived notions of the participants
in the lab experiments might affect the participant's perception of glare [83]. There is a concern about the poor
agreement between laboratory-derived measures and the experience of occupants in real spaces by a survey and
simulation-based study in a studio space occupied by 500 students [84].

S NUMBER OF STUDIES REFERRED
5). YEAR CBS NCBS

RsP RvP RsP RvP
01 2020 4 1 4 3
02 2019 3 NA 3 2
03 2018 4 NA NA 1
04 2017 5 1 NA 1
05 2016 3 NA 2 2
06 2015 4 NA 5 2
07 2014 2 NA 1 1
08 2013 6 1 2
09 2012 2 1 1
10 2011 4 NA 3 2
11 2010 2 NA NA 1
12 2009 1 NA NA 1
13 2008 2 NA NA
14 2007 1 NA NA
15 2005 NA NA NA
16 2004 1 NA NA 1
17 2003 NA 1 NA 1
18 2002 2 NA NA NA
19 2000 1 NA NA NA
20 1992-98 1 NA NA 1

Table 2 Types and Number of Papers Referred.

A research work evaluated the classroom's visual performance adopting a simulation-based approach in which a wide
range of combinations between viewers' points and centres of interest within a classroom restricted to evaluate only the
extreme and critical locations [85]. Most of the parameters used in lighting design consider the threshold or average
values [86]. However, a study which evaluated the luminous comfort in a drawing classroom using HDR pictures stated
that the use of average values is not the ideal way to analyze environments with specific illumination needs [13]. A
simulation-based approach to evaluate the visual comfort of 5 architecture classrooms mentions the software and
simulation process becomes time-consuming whenever we rely on accurate data [87]. A simulation-based approach
adopted to assess the daylighting performance of a classroom stated that single criteria are not sufficient to analyze a
space [88]. An evaluation of daylight in a research institute building using simulations addressed the fact that multiple

IJIRSET © 2020 DOI:10.15680/1JIRSET.2020.0910092 10116


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

-
ﬂ—\ !E%E} | e-ISSN: 2319-8753, p-1SSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512|
o
[E]E || Volume 9, Issue 10, October 2020 ||

simulation prototypes of buildings are a very labour-intensive process and provide only a few design interventions [89].
Most visual comfort research today focuses on the comfort of an individual at a single instant [84]. A holistic
measurement, simulation, and survey-based approach to evaluate visual comfort in natural lit classrooms stated that
dynamic metrics along with the upper and lower values, do not assure visual comfort and visual discomfort [90]. The
effect of the light may be the situation, task, and time-dependent [58]. It is possible to experience some instantaneous
visual discomfort and still find a space agreeable overall [84].

The challenges regarding visual comfort in classrooms are not limited just to the technical aspects. A review that
discusses previous researches on how to bridge architecture with other domains to address daylighting design stated
that the ever-changing nature of sunlight forces architects to rely on intuition and experience to evaluate this dynamic
nature of sunlight [26]. A research study suggested a daylighting design method by combining a passive approach and
advanced software to design external shading devices for daylighting in a classroom. It mentioned that the amount of
time that the simulation software consumes to evaluate and analyze the design, the expert knowledge which they
require, the large amount of data input, and the difficulty to apply them on the initial design stage hinder their use by
the architects [21]. Architects are using digital tools during the design process. These tools target a range of set values.
However, due to the wide range of parameters that contribute to the good daylighting design [26], the targeted values
may not reflect the actual scenario. The engineering-oriented attitude furthers the distance between engineers and
designers without coming to a common conclusion [21]. The architects face these highly variable multiple aspects
which conflict but need to be brought together for the final satisfying solution [26]. For example, consideration of
thermal and daylight analysis in the initial design stages could be helpful to provide indoor comfort along with
achieving energy efficiency buildings. Still, high thermal mass does provide thermal comfort but on the cost of
reduction of daylight within the interiors [91]. A simulation-based method study to access daylighting in a housing
prototype mentioned that the architects' affection for natural light lies in the fact that it can transform a space [43].
Architects understand the benefits of natural light in terms of enhancing visual interest, providing emotional and
experiential delight to the observers [26]. A POE based study of the visual environment in a laboratory building told
that Architects should wisely incorporate daylight into buildings to ensure the right amount, intensity, distribution, and
penetration at the same time avoiding glare [18]. A review study focusing on the effects of indoor lighting on students'
performance concluded that lighting quality must consider the combination of daylight and artificial light [29]. A
review evaluating the design and implementation of various daylighting systems mentioned that solutions to lighting
design are no longer universally versatile [12]. The individual diversity of comfort preferences contributes to the
uniqueness of the design [26]. However, the aim of a design process is not to come up with an optimal solution instead
to produce a range of satisfactory ones with different priorities and compromises [92]. Even when one comes up with
an optimal solution, there are no criteria that can test a given solution nor a process in which such criteria could be
applied [26]. A school building design based study considering environmental comfort stated that the design of a
building is a complex process that involves professionals and technicians from various fields [78]. A daylighting
impact analysis on the performance of students in school mentioned that the engineers, educational theorists, and
construction economists did not come on the common ground regarding classroom design [19]. However, a study done
on various design processes involved in the design of passive Danish homes concluded that there is a need of all the
professionals involved in the building design to work together from the very beginning of the design process [93]. In
general, the architects' role concerning the expectations is forever evolving [94]. The research outlining the results of
14 case studies where architects and their clients used few techniques to evaluate their buildings or design process at
any stage in the life cycle of a project mentions interesting fact. It stated that the designers in practice rather than
analyzing the behavior of the completed building and subsequently using the outcomes, jump to another project which
may lead to the repetition of errors [95]. The financial affordability of the POE studies along with the lack of interest
among architects is also an issue [96]. The "grass root globalization" which may be adopted by acting locally (by
incorporating traditional architecture) and globally (using technical advancements) is the need of the hour but an
another additional challenge to the architects in the modern world [97].

VI. DISCUSSION

The findings from the classroom studies and architectural design process focus on five different concerns. First is the
POE studies and surveys. POE studies are useful for documenting occupant's well-being and responses to indoor
environmental factors [25]; they aid in building design, efficiency, management, and use of the building [9]. Still, the
analysis from the POEs and their availability for the one's in practice is a question [31]. The second concern is about
the generalizability of results from various researches done in different learning environments and different climatic
zones. Thirdly the difference in real classroom studies and the controlled lab experiments. The controlled experiments
in lab settings create a gap between research and practice [25]. Fourth being the use of metrics and simulations because
they are time-consuming, require a high amount of expertise, and aim at target values. In addition to this, a significant
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number of simulation tools are difficult to learn [75], and the available metrics are difficult to calculate during the
design stage [98]. The fifth is the forever evolving architectural design process itself which is a very complicated task
involving case-specific highly variable multiple aspects; to meet at one final solution.

The latest developments in the metrics and simulation software for predicting daylight and the overall lighting within
any learning environment stresses on its use at the early design stages. Nevertheless, the question is of the knowledge
and expertise the present architects have about them. This concern highlights the suggestion of incorporating the
software and skills in the undergraduate architecture courses. There is a need for user-friendly and time-efficient
metric/s which aid architects in the initial design stages. The use of a model or software which considers and relates
multiple comfort indices, especially thermal and visual comfort, at the same time is essential. Further, the evaluation of
energy-efficient interior lighting must consider both daylight and artificial light in real environments. The architects'
approach to design sustainable buildings must be beyond the aim of achieving minimum average targeted values. The
architects, along with other professionals involved in building design, must come to a conclusion that must consider the
present environmental scenario but not on the cost of multiple aspects that determine human comfort.

The limitation of the research is that it covers only the learning environments; on the other side, similar results are
incomplete unless tested on other buildings (especially office) types as well.

VII. CONCLUSION

The affected relationship between humans and the natural environments throughout history calls for sustainability.
Many green building rating systems have come up with the design strategies, but mostly focusing on the physical
metric measurements. The limitation here is that even when light affects humans through the visual, psychological,
biological, and physiological system is known, these green building rating systems have not considered natural light of
much importance. Building design and its characteristics are directly related to occupant comfort. Various studies have
been done, which highlights the importance of natural light and windows in learning environments. However, this
importance is worth only when daylight interacts with artificial light. Interior lighting quality out of all the IEQ factors
is significant. Nevertheless, students' perception of their classroom and the physical attributes which can affect their
productivity is a long list. The ways to access lighting quality include POEs and direct and indirect measurements
based on static and dynamic metrics. All these methods and metrics come with limitations. The limitations will become
more challenging if architects find it difficult to use these metrics on the initial design stages.

The findings from the study state that

e the use of POE results by the one in practice is critical,
the generalizability of results from different classroom studies is questionable,
the researches done in real environments are more reliable than the lab's experiments,
the present status of simulation software in terms of usability is a serious concern, and
there are high expectations from the complicated architecture design process.

Suggestions include

incorporating the software and skills regarding DPM's in the undergraduate architecture courses,
use of user-friendly and time-efficient metric/s which aid architects in the initial design stages,

the use of a model or software which considers and relates multiple comfort indices,

the evaluation of lighting regarding both the daylight and artificial light,

researches in real environments,

the approach to design sustainable buildings must be beyond achieving targeted values, and
architects must consider multiple aspects that determine human comfort while designing structures.

The research analyzes various classroom related studies only, which is a limitation because the similar results are
incomplete unless evaluated on other buildings (which consider daylight within interiors) as well.

ABBREVIATIONS

(PST), Passive Solar Techniques; (IEQ), Indoor Environmental Quality; (IES), llluminating Engineering Society;
(LQAM), Lighting Quality Assessment Method; (UDI), Useful Daylight llluminance; (DA), Daylight Autonomy;
(sDA), Spatial Daylight Autonomy; (ASE), Annual Sunlight Exposure; (DGP), Discomfort Glare Probability; (SVD),

IJIRSET © 2020 DOI:10.15680/1JIRSET.2020.0910092 10118


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

-
ﬂ—\ !E%E} | e-ISSN: 2319-8753, p-1SSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512|
o
[E]E || Volume 9, Issue 10, October 2020 ||

Spatial Visual Discomfort; (HDR), High Dynamic Range; (POE), Post Occupancy Evaluation; (DPM), Daylight
Prediction Methods; (CBS), Classroom Based Studies; (NCBS), Non-Classroom Based Studies; (RsP), Research
Papers; (RvP), Review Papers.

[1]
(2]

(3]

[4]

[5]

[6]

[7]

8]
[9]

[10]
[11]
[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

REFERENCES

A. Mantler and A. C. Logan, “Natural environments and mental health,” Advances in Integrative Medicine, vol.
2, no. 1, pp. 5-12, Apr. 2015, doi: 10.1016/j.aimed.2015.03.002.

Q. Huang, M. Yang, H. Jane, S. Li, and N. Bauer, “Trees, grass, or concrete? The effects of different types of
environments on stress reduction,” Landscape and Urban Planning, vol. 193, p. 103654, Jan. 2020, doi:
10.1016/j.landurbplan.2019.103654.

L. Martin, M. P. White, A. Hunt, M. Richardson, S. Pahl, and J. Burt, “Nature contact, nature connectedness and
associations with health, wellbeing and pro-environmental behaviours,” Journal of Environmental Psychology,
vol. 68, p. 101389, Apr. 2020, doi: 10.1016/j.jenvp.2020.101389.

E. Y. Choe, A. Jorgensen, and D. Sheffield, “Does a natural environment enhance the effectiveness of
Mindfulness-Based Stress Reduction (MBSR)? Examining the mental health and wellbeing, and nature
connectedness benefits,” Landscape and Urban Planning, vol. 202, p. 103886, Oct. 2020, doi:
10.1016/j.landurbplan.2020.103886.

G. Kim and P. A. Miller, “The impact of green infrastructure on human health and well-being: The example of
the Huckleberry Trail and the Heritage Community Park and Natural Area in Blacksburg, Virginia,” Sustainable
Cities and Society, vol. 48, p. 101562, Jul. 2019, doi: 10.1016/j.5¢s.2019.101562.

S. Mavoa, M. Lucassen, S. Denny, J. Utter, T. Clark, and M. Smith, ‘“Natural neighbourhood environments and
the emotional health of urban New Zealand adolescents,” Landscape and Urban Planning, vol. 191, p. 103638,
Nov. 2019, doi: 10.1016/j.landurbplan.2019.103638.

M. Frontczak and P. Wargocki, “Literature survey on how different factors influence human comfort in indoor
environments,” Building and Environment, vol. 46, no. 4, pp. 922-937, Apr. 2011, doi:
10.1016/j.buildenv.2010.10.021.

P. Pathak, A. Dongre, and J. Shiwalkar, “Lighting design as a function of user comfort and performance in Indian
work spaces,” Journal of architectural and planning research, vol. 32, pp. 168-180, 2015.

T. Hwang and Jeong Tai Kim, “Effects of Indoor Lighting on Occupants’ Visual Comfort and Eye Health in a
Green Building,” Indoor and Built Environment, vol. 20, no. 1, pp. 7590, Feb. 2011, doi:
10.1177/1420326X10392017.

R. P. Leslie, “Capturing the daylight dividend in buildings: why and how?,” Building and Environment, p. 5,
2003.

V. Costanzo, G. Evola, and L. Marletta, “A Review of Daylighting Strategies in Schools: State of the Art and
Expected Future Trends,” Buildings, vol. 7, no. 4, p. 41, May 2017, doi: 10.3390/buildings7020041.

F. Sharp, D. Lindsey, J. Dols, and J. Coker, “The use and environmental impact of daylighting,” Journal of
Cleaner Production, vol. 85, pp. 462-471, Dec. 2014, doi: 10.1016/j.jclepro.2014.03.092.

C. A. Ibafiez, J. C. G. Zafra, and H. M. Sacht, “Natural and Artificial Lighting Analysis in a Classroom of
Technical Drawing: Measurements and HDR Images Use,” Procedia Engineering, vol. 196, pp. 964-971, 2017,
doi: 10.1016/j.proeng.2017.08.037.

I. Sarbu and C. Sebarchievici, “Aspects of indoor environmental quality assessment in buildings,” Energy and
Buildings, vol. 60, pp. 410-419, May 2013, doi: 10.1016/j.enbuild.2013.02.005.

Y. Laaroussi, M. Bahrar, M. ElI Mankibi, A. Draoui, and A. Si-Larbi, “Occupant presence and behavior: A major
issue for building energy performance simulation and assessment,” Sustainable Cities and Society, vol. 63, p.
102420, Dec. 2020, doi: 10.1016/j.5cs.2020.102420.

A. J. Marszal et al., “Zero Energy Building — A review of definitions and calculation methodologies,” Energy
and Buildings, vol. 43, no. 4, pp. 971-979, Apr. 2011, doi: 10.1016/j.enbuild.2010.12.022.

T. Verma and B. Valdaris, “Evaluating the Daylighting Performance of Lecture Halls: A Simulation-Based
Approach,” in 53rd International Conference of the Architectural Science Association, Roorkee, 2019, p. 10.

Y. Hua, A. Oswald, and X. Yang, “Effectiveness of daylighting design and occupant visual satisfaction in a
LEED Gold laboratory building,” Building and Environment, vol. 46, no. 1, pp. 54-64, Jan. 2011, doi:
10.1016/j.buildenv.2010.06.016.

L. Heschong, R. L. Wright, and S. Okura, “Daylighting Impacts on Human Performance in School,” Journal of
the Illuminating Engineering Society, wvol. 31, no. 2, pp. 101-114, Jul. 2002, doi:
10.1080/00994480.2002.10748396.

E. L. Kriiger and P. H. T. Zannin, “Acoustic, thermal and luminous comfort in classrooms,” Building and
Environment, vol. 39, no. 9, pp. 1055-1063, Sep. 2004, doi: 10.1016/j.buildenv.2004.01.030.

IJIRSET © 2020 DOI:10.15680/1JIRSET.2020.0910092 10119


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

[21]
[22]

[23]

[24]

[25]
[26]

[27]

[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

-
ﬂ—\ !E%E} | e-ISSN: 2319-8753, p-1SSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512|
o
[E]E || Volume 9, Issue 10, October 2020 ||

C. Kwon and K. Lee, “Integrated Daylighting Design by Combining Passive Method with DaySim in a
Classroom,” Energies, vol. 11, no. 11, p. 3168, Nov. 2018, doi: 10.3390/en11113168.

P. Plympton, S. Conway, and K. Epstein, “Daylighting in Schools: Improving Student Performance and Health
at a Price Schools Can Afford,” p. 10.

A. A. Y. Freewan and J. A. Al Dalala, “Assessment of daylight performance of Advanced Daylighting Strategies
in Large University Classrooms; Case Study Classrooms at JUST,” Alexandria Engineering Journal, vol. 59, no.
2, pp. 791-802, Apr. 2020, doi: 10.1016/j.aej.2019.12.049.

C. Giarma, K. Tsikaloudaki, and D. Aravantinos, “Daylighting and Visual Comfort in Buildings’ Environmental
Performance Assessment Tools: A Critical Review,” Procedia Environmental Sciences, vol. 38, pp. 522-529,
2017, doi: 10.1016/j.proenv.2017.03.116.

A. O. Asojo, S. Bae, and C. S. Martin, “Post-occupancy Evaluation Study of the Impact of Daylighting and
Electric Lighting in the Workplace,” LEUKOS, pp. 1-12, Jun. 2019, doi: 10.1080/15502724.2019.1602778.

M. Andersen, “Unweaving the human response in daylighting design,” Building and Environment, vol. 91, pp.
101-117, Sep. 2015, doi: 10.1016/j.buildenv.2015.03.014.

M. S. Andargie, M. Touchie, and W. O’Brien, “A review of factors affecting occupant comfort in multi-unit
residential  buildings,” Building and Environment, vol. 160, p. 106182, Aug. 2019, doi:
10.1016/j.buildenv.2019.106182.

M. C. Hill and K. K. Epps, “The Impact of Physical Classroom Environment on Student Satisfaction and Student
Evaluation of Teaching in the University Environment,” vol. 14, no. 4, p. 16, 2010.

S. A. Samani and S. A. Samani, “The Impact of Indoor Lighting on Students’ Learning Performance in Learning
Environments: A knowledge internalization perspective,” vol. 3, no. 24, p. 10.

A. Shafaghat, A. Keyvanfar, M. S. Ferwati, and T. Alizadeh, “Enhancing staff’s satisfaction with comfort toward
productivity by sustainable Open Plan Office Design,” Sustainable Cities and Society, vol. 19, pp. 151-164, Dec.
2015, doi: 10.1016/j.5¢s.2015.08.001.

P. Barrett, F. Davies, Y. Zhang, and L. Barrett, “The impact of classroom design on pupils’ learning: Final results
of a holistic, multi-level analysis,” Building and Environment, vol. 89, pp. 118-133, Jul. 2015, doi:
10.1016/j.buildenv.2015.02.013.

A. R. Othman and M. A. M. Mazli, “Influences of Daylighting towards Readers’ Satisfaction at Raja Tun Uda
Public Library, Shah Alam,” Procedia - Social and Behavioral Sciences, vol. 68, pp. 244-257, Dec. 2012, doi:
10.1016/j.sbspro.2012.12.224.

P. Barrett, Y. Zhang, J. Moffat, and K. Kobbacy, “A holistic, multi-level analysis identifying the impact of
classroom design on pupils’ learning,” Building and Environment, vol. 59, pp. 678-689, Jan. 2013, doi:
10.1016/j.buildenv.2012.09.016.

J.-H. Choi, V. Lofiness, and A. Aziz, “Post-occupancy evaluation of 20 office buildings as basis for future IEQ
standards and guidelines,” Energy and Buildings, vol. 46, pp. 167-175 Mar. 2012, doi:
10.1016/j.enbuild.2011.08.009.

T. Mihai and V. Iordache, “Determining the Indoor Environment Quality for an Educational Building,” Energy
Procedia, vol. 85, pp. 566-574, Jan. 2016, doi: 10.1016/j.egypro.2015.12.246.

S. Vilcekova, L. Meciarova, E. K. Burdova, J. Katunska, D. Kosicanova, and S. Doroudiani, “Indoor
environmental quality of classrooms and occupants’ comfort in a special education school in Slovak Republic,”
Building and Environment, vol. 120, pp. 2940, Aug. 2017, doi: 10.1016/j.buildenv.2017.05.001.

P. R. Boyce, “Review: The Impact of Light in Buildings on Human Health,” Indoor and Built Environment, vol.
19, no. 1, pp. 8-20, Feb. 2010, doi: 10.1177/1420326X09358028.

U. Haverinen-Shaughnessy, R. J. Shaughnessy, E. C. Cole, O. Tayinbo, and D. J. Moschandreas, “An assessment
of indoor environmental quality in schools and its association with health and performance,” Building and
Environment, vol. 93, pp. 35-40, Nov. 2015, doi: 10.1016/j.buildenv.2015.03.006.

M. Winterbottom and A. Wilkins, “Lighting and discomfort in the classroom,” Journal of Environmental
Psychology, vol. 29, no. 1, pp. 63-75, Mar. 2009, doi: 10.1016/j.jenvp.2008.11.007.

A. C. Allan, V. Garcia-Hansen, G. Isoardi, and S. S. Smith, “Subjective Assessments of Lighting Quality: A
Measurement  Review,” LEUKOS, wvol. 15, no. 2-3, pp. 115-126, Jul. 2019, doi:
10.1080/15502724.2018.1531017.

A. Kuijsters, J. Redi, B. de Ruyter, and I. Heynderickx, “Lighting to Make You Feel Better: Improving the Mood
of Elderly People with Affective Ambiences,” PLOS ONE, vol. 10, no. 7, pp. 1-22, 2015, doi:
10.1371/journal.pone.0132732.

A. Heydarian, E. Pantazis, J. P. Carneiro, D. Gerber, and B. Becerik-Gerber, “Lights, building, action: Impact of
default lighting settings on occupant behaviour,” Journal of Environmental Psychology, vol. 48, pp. 212-223,
20186, doi: https://doi.org/10.1016/j.jenvp.2016.11.001.

IJIRSET © 2020 DOI:10.15680/1JIRSET.2020.0910092 10120


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

[43]

[44]

[45]

[46]

[47]
[48]

[49]

[50]
[51]
[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]
[60]
[61]

[62]

[63]
[64]
[65]
[66]

[67]

-
ﬂ—\ !E%E} | e-ISSN: 2319-8753, p-1SSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512|
o
[E]E || Volume 9, Issue 10, October 2020 ||

L. Brotas and G. M. Pajares, “Improving daylighting in architecture The SunBloc prototype,” in PLEA 2013,
Munich, Germany, Sep. 2013, p. 6.

D. K. Kilic and D. Hasirci, “Daylighting Concepts for University Libraries and Their Influences on Users’
Satisfaction,” The Journal of Academic Librarianship, vol. 37, no. 6, pp. 471-479, Dec. 2011, doi:
10.1016/j.acalib.2011.07.003.

A. D. Galasiu and C. F. Reinhart, “Current daylighting design practice: a survey,” Building Research &
Information, vol. 36, no. 2, pp. 159-174, Mar. 2008, doi: 10.1080/09613210701549748.

N. Wang and M. Boubekri, “Design recommendations based on cognitive, mood and preference assessments in a
sunlit workspace,” Lighting Research & Technology, vol. 43, no. 1, pp. 55-72, Mar. 2011, doi:
10.1177/1477153510370807.

A. Wilkins, “A physiological basis for visual discomfort: Application in lighting design,” Lighting Research &
Technology, vol. 48, no. 1, pp. 44-54, Feb. 2016, doi: 10.1177/1477153515612526.

W. van Bommel and G. van den Beld, “Lighting for work: a review of visual and biological effects,” Lighting
Research & Technology, vol. 36, no. 4, pp. 255-266, Dec. 2004, doi: 10.1191/1365782804li1220a.

A. Michael and C. Heracleous, “Assessment of natural lighting performance and visual comfort of educational
architecture in Southern Europe: The case of typical educational school premises in Cyprus,” Energy and
Buildings, vol. 140, pp. 443-457, Apr. 2017, doi: 10.1016/j.enbuild.2016.12.087.

E. L. Kriiger and A. L. Dorigo, “Daylighting analysis in a public school in Curitiba, Brazil,” Renewable Energy,
vol. 33, no. 7, pp. 1695-1702, Jul. 2008, doi: 10.1016/j.renene.2007.09.002.

W. Wu and E. Ng, “A review of the development of daylighting in schools,” light res technol, vol. 35, no. 2, pp.
111-125, Jun. 2003, doi: 10.1191/14771535031i0720a.

F. Nocera, A. Lo Faro, V. Costanzo, and C. Raciti, “Daylight Performance of Classrooms in a Mediterranean
School Heritage Building,” Sustainability, vol. 10, no. 10, p. 3705, Oct. 2018, doi: 10.3390/su10103705.

Z. Yang, B. Becerik-Gerber, and L. Mino, “A study on student perceptions of higher education classrooms:
Impact of classroom attributes on student satisfaction and performance,” Building and Environment, vol. 70, pp.
171-188, Dec. 2013, doi: 10.1016/j.buildenv.2013.08.030.

N. Castilla, C. Llinares, F. Bisegna, and V. Blanca-Giménez, “Affective evaluation of the luminous environment
in university classrooms,” Journal of Environmental Psychology, vol. 58, pp. 52-62, Aug. 2018, doi:
10.1016/j.jenvp.2018.07.010.

N. H. Ramli, S. Ahmad, and M. H. Masri, “Improving the Classroom Physical Environment: Classroom Users’
Perception,” Procedia - Social and Behavioral Sciences, vol. 101, pp. 221-229, Nov. 2013, doi:
10.1016/j.sbspro.2013.07.195.

M.-T. Wang, J. L. Degol, J. Amemiya, A. Parr, and J. Guo, “Classroom climate and children’s academic and
psychological wellbeing: A systematic review and meta-analysis,” Developmental Review, vol. 57, p. 100912,
Sep. 2020, doi: 10.1016/j.dr.2020.100912.

K. Gaines, Z. Curry, J. Shroyer, C. Amor, and R. Lock, “The perceived effects of visual design and features on
students with autism spectrum disorder,” Journal of architectural and planning research, vol. 31, pp. 282-298,
2014.

P. Sleegers, N. Moolenaar, M. Galetzka, A. Pruyn, B. Sarroukh, and B. van der Zande, “Lighting affects
students’ concentration positively: Findings from three Dutch studies,” Lighting Research & Technology, vol. 45,
no. 2, pp. 159-175, Apr. 2013, doi: 10.1177/1477153512446099.

S. Mirrahimi, N. L. N. Ibrahim, and M. Surat, “Effect of daylighting on student health and performance,” p. 6.

I. Acosta, M. A. Campano, R. Leslie, and L. Radetsky, “Daylighting design for healthy environments: Analysis
of educational spaces for optimal circadian stimulus,” Solar Energy, vol. 193, pp. 584-596, Nov. 2019, doi:
10.1016/j.solener.2019.10.004.

R. Kiiller and C. Lindsten, “Health and behavior of children in classrooms with and without windows,” Journal
of Environmental Psychology, vol. 12, no. 4, pp. 305-317, Dec. 1992, doi: 10.1016/S0272-4944(05)80079-9.

A. Pellegrino, S. Cammarano, and V. Savio, “Daylighting for Green Schools: A Resource for Indoor Quality and
Energy Efficiency in Educational Environments,” Energy Procedia, vol. 78, pp. 3162-3167, Nov. 2015, doi:
10.1016/j.egypro.2015.11.774.

R. Aram and H. Z. Alibaba, “Investigation of the effects of daylight in a university library,” Journal of
Architectural and Planning Research, p. 15, 2018.

P. Boyce, C. Hunter, and O. Howlett, “The Benefits of Daylight through Windows,” p. 88.

L. Heschong, “Daylighting and Human Performance,” ASHRAE Journal, p. 3, 2002.

W. H. Ko et al., “The impact of a view from a window on thermal comfort, emotion, and cognitive
performance,” Building and Environment, vol. 175, p. 106779, May 2020, doi: 10.1016/j.buildenv.2020.106779.

I. Ghonimi, “Assessing Daylight Performance of Single vs. Double Skin Fagade in Educational Buildings: A
Comparative Analysis of Two Case Studies,” JSD, vol. 10, no. 3, p. 133, May 2017, doi: 10.5539/jsd.v10n3p133.

IJIRSET © 2020 DOI:10.15680/1JIRSET.2020.0910092 10121


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

[68]

[69]

[70]

[71]
[72]

[73]
[74]
[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]
[87]
[88]
[89]

[90]

-
ﬂ—\ !E%E} | e-ISSN: 2319-8753, p-1SSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512|
o
[E]E || Volume 9, Issue 10, October 2020 ||

L. Bellia, A. Pedace, and G. Barbato, “Lighting in educational environments: An example of a complete analysis
of the effects of daylight and electric light on occupants,” Building and Environment, vol. 68, pp. 50-65, Oct.
2013, doi: 10.1016/j.buildenv.2013.04.005.

J. A. Veitch and G. R. Newsham, “Determinants of Lighting Quality I: State of the Science,” Journal of the
Illuminating Engineering Society, vol. 27, no. 1, pp. 92-106, Jan. 1998, doi: 10.1080/00994480.1998.10748215.
F. Leccese, G. Salvadori, M. Rocca, C. Buratti, and E. Belloni, “A method to assess lighting quality in
educational rooms using analytic hierarchy process,” Building and Environment, vol. 168, p. 106501, Jan. 2020,
doi: 10.1016/j.buildenv.2019.106501.

P. R. Boyce, “Human Factors in Lighting,” p. 690.

P. Ricciardi and C. Buratti, “Environmental quality of university classrooms: Subjective and objective evaluation
of the thermal, acoustic, and lighting comfort conditions,” Building and Environment, vol. 127, pp. 23-36, Jan.
2018, doi: 10.1016/j.buildenv.2017.10.030.

T. Kruisselbrink, R. Dangol, and A. Rosemann, “Photometric measurements of lighting quality: An overview,”
Building and Environment, vol. 138, pp. 42-52, Jun. 2018, doi: 10.1016/j.buildenv.2018.04.028.

L. Bellia, G. Spada, A. Pedace, and F. Fragliasso, “Methods to Evaluate Lighting Quality in Educational
Environments,” Energy Procedia, vol. 78, pp. 3138-3143, Nov. 2015, doi: 10.1016/j.egypro.2015.11.770.

M. Ayoub, “100 Years of daylighting: A chronological review of daylight prediction and calculation methods,”
Solar Energy, vol. 194, pp. 360-390, Dec. 2019, doi: 10.1016/j.solener.2019.10.072.

Z. S. Zomorodian and M. Tahsildoost, “Assessing the effectiveness of dynamic metrics in predicting daylight
availability and visual comfort in classrooms,” Renewable Energy, vol. 134, pp. 669-680, Apr. 2019, doi:
10.1016/j.renene.2018.11.072.

K. Axarli and A. Meresi, “211: Objective and Subjective Criteria Regarding the Effect of Sunlight and Daylight
in Classrooms,” p. 6, 2008.

V. A. C. da Graga, D. C. C. K. Kowaltowski, and J. R. D. Petreche, “An evaluation method for school building
design at the preliminary phase with optimisation of aspects of environmental comfort for the school system of
the State Sdo Paulo in Brazil,” Building and Environment, vol. 42, no. 2, pp. 984-999, Feb. 2007, doi:
10.1016/j.buildenv.2005.10.020.

N. Castilla, C. Llinares, J. M. Bravo, and V. Blanca, “Subjective assessment of university classroom
environment,” Building and Environment, vol. 122, pp. 72-81, Sep. 2017, doi: 10.1016/j.buildenv.2017.06.004.
N. S. Shafavi, M. Tahsildoost, and Z. S. Zomorodian, “Investigation of illuminance-based metrics in predicting
occupants’ visual comfort (case study: Architecture design studios),” Solar Energy, vol. 197, pp. 111-125, Feb.
2020, doi: 10.1016/j.solener.2019.12.051.

T. Verma and P. Gopalakrishnan, “Occupants’ Perception versus Daylighting Simulations’: A filed study on
lecture halls to correlate the occupant’s subjective responses and climate-based daylight metrics,” in 35th Plea
Conference Sustainale Architecture and Urban Design, A Coruna, Spain, 2020, p. 6.

Y. H. Yan, T. G. Lee, Y. Guan, and X. D. Liu, “Evaluation Index Study of Students’ Physiological Rhythm
Effects under Fluorescent Lamp and LED,” AMR, vol. 433-440, pp. 4757-4764, Jan. 2012, doi:
10.4028/www.scientific.net/ AMR.433-440.4757.

N. S. Shafavi, Z. S. Zomorodian, M. Tahsildoost, and M. Javadi, “Occupants visual comfort assessments: A
review of field studies and lab experiments,” Solar Energy, vol. 208, pp. 249-274, Sep. 2020, doi:
10.1016/j.solener.2020.07.058.

C. F. Reinhart, “A Concept for Predicting Occupants’ Long-Term Visual Comfort within Daylit Spaces,”
LEUKOS, vol. 12, no. 4, pp. 185-202, Oct. 2016, doi: 10.1080/15502724.2015.1090880.

K. A. Al-Sallal, “Daylighting and visual performance: evaluation of classroom design issues in the UAE,”
International Journal of Low-Carbon Technologies, vol. 5 no. 4, pp. 201-209, Dec. 2010, doi:
10.1093/ijlct/ctq025.

A. Galatioto and M. Beccali, “Aspects and issues of daylighting assessment: A review study,” Renewable and
Sustainable Energy Reviews, vol. 66, pp. 852-860, Dec. 2016, doi: 10.1016/j.rser.2016.08.018.

B. Piderit, M. Bodart, and T. Norambuena, “A Method for integrating visual comfort criteria in daylighting
design of school,” p. 6, 2011.

A. Pedrini, “Analysis of daylight performance in classrooms in humid and hot climate,” p. 10, 2014.

A. Ahmed, M. Otreba, N. E. Korres, H. Elhadi, and K. Menzel, “Assessing the performance of naturally day-lit
buildings using data mining,” Advanced Engineering Informatics, vol. 25, no. 2, pp. 364-379, Apr. 2011, doi:
10.1016/j.a€i.2010.09.002.

S. S. Korsavi, Z. S. Zomorodian, and M. Tahsildoost, “Visual comfort assessment of daylit and sunlit areas: A
longitudinal field survey in classrooms in Kashan, Iran,” Energy and Buildings, vol. 128, pp. 305-318, Sep.
2016, doi: 10.1016/j.enbuild.2016.06.091.

IJIRSET © 2020 DOI:10.15680/1JIRSET.2020.0910092 10122


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

[91]
[92]
[93]
[94]

[95]

[96]
[97]

[98]

-
ﬂ—‘ !E’:‘Ej | e-ISSN: 2319-8753, p-1SSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512|
Sy
[E]E || Volume 9, Issue 10, October 2020 ||

H. Altan, J. Mohelnikova, and P. Hofman, “Thermal and Daylight Evaluation of Building Zones,” Energy
Procedia, vol. 78, pp. 2784-2789, Nov. 2015, doi: 10.1016/j.egypro.2015.11.626.

W. Zeiler, P. Savanovic, and E. Quanjel, “Design decision support for the conceptual phase of the design
process,” p. 15.

C. Brunsgaard, M.-A. Knudstrup, and P. Heiselberg, “The critical design process: Experiences from some of the
first passive houses in Denmark,” Journal of architectural and planning research, vol. 31, pp. 163-180, 2014.

A. D. Seidel, J. Kim, and I. B. R. Tanaka, “Architects, urban design, health, and the built environment,” Journal
of Architectural and Planning Research, vol. 29, pp. 241-268, 2012.

B. Bordass and A. Leaman, “Making feedback and post-occupancy evaluation routine 3: Case studies of the use
of techniques in the feedback portfolio,” Building Research & Information, vol. 33, no. 4, pp. 361-375, Jul.
2005, doi: 10.1080/09613210500162032.

G. Cranz, “How post-occupancy evaluation research affected design and policy at the San Francisco Public
Library,” Journal of Architectural and Planning Research, vol. 30, pp. 77-90, 2013.

I. M. Eldemery, “Globalization challenges in architecture,” Journal of Architectural and Planning Research, p.
12, 2009.

K. Van Den Wymelenberg and M. Inanici, “Evaluating a New Suite of Luminance-Based Design Metrics for
Predicting Human Visual Comfort in Offices with Daylight,” LEUKOS, vol. 12, no. 3, pp. 113-138, Jul. 2016,
doi: 10.1080/15502724.2015.1062392.

IJIRSET © 2020 DOI:10.15680/1JIRSET.2020.0910092 10123


http://www.ijirset.com/

INTERNATIONAL

: STANDARD
v (@) srace B
SJIF Scientific Journal lmpact Factor ' \ NUMBER

INDMA

Impact Factor:
1.512

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

[) 9940 572 462 [@ 6381907 438 (3 ijirset@qmail.com i

www.ijirset.com



	Page 1

