CHAPTER 2

LITERATURE REVIEW
2.1 Introduction
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This chapter discusses the theory of daylight and its mpo%Cwards human

tasks such as reading and writing. Daylight theory component§tipelude a natural light

er al‘o discusses the

as WQJ. as
N
Jn ~3§13dents

source, climate condition, sun orientation and more. Thi

daylighting performance and the effect on human biolo

students' performance. Understanding the e@ daylighti
? 4

performance will lead to an understanding of?ﬂ)om ou esign,iz_ gulations,

n the aoxgrooms is also

discussed in this chapter. The literature includes euﬂ@pe of education in

Malaysia that has been selected stud&v? aﬁmplement education is
tasks

selected due to the different m\ too hlgh speC|f|c hafazan learning

task such as Arabic handw@ Th' students’ p@rmance for hafazan learning
measurement will be f%ISCUSSG gh te

Dayllght@

standards, and guidelines. The method to me the dayli

O
n sf' rs@_r; some of the natural lighting examples that

known as daylight, it is a source of light for full

speu-kequwed for human \c&mn adaptation (Rizal, et al., 2016). Daylight quantity,

u nd distribution are the key factors that influences the daylighting environment

aspace (Johnsen & Watkins, 1990; Gupta et al., 2015). Quantity and quality metrics
or daylight are important in buildings’ daylighting assessments (Janak, 1997) to

identify its' effects on human health and visual comfort (Howlett, et al., 2007). These
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factors that illuminates a space through window and openings are important in
achieving visual comfort for the occupants (Sun et al., 2017). This shows that

design is crucial for daylight quantity in a space (Husin & Harith, 2012). L@ntity

and quality can be explained as (Moeck, 1998): A

i.  Light quantity: \,

a. Horizontal and vertical illuminancepdaylight factors, average

work plane illuminance, and re electri IWergyuse
ay

N
b. Sunlight protection, solar r@ | -\i‘)
4
- NY'

Efficiency of a systeKIig, tr , Iighg&'smission as

a function of Iio& é
d. Amount of |i certaﬁa\fo?t

i.e., th ili
{pace i.e., the rear ceiling
d

or rear ne A‘S’:
N
. %minan @

ii. Lig lity: ® <$
Daylight 'tr'but'@&,-\‘ﬁniformity
SRR
%b.; ar ?aylig@are index
KNS
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C. Luminah?ratios at a visual display unit, reflected glare

mon research practices refer Daylight Factor (DF) for daylight quantity evaluation
u

netal., 2017; Liuetal., 2019), although illuminance level is also used for evaluating

daylight quantity (Hourani & Hammad, 2012). A good daylight quantity is based on
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sufficient daylight on any working plane height, while a good daylight quality is based
on the daylight uniformity ratio and glare avoidance (Wu & Ng, 2003; Ant

Meresi, 2003; 2005; Axarli & Meresi, 2008). Daylight quantity is not th@%ctor
influencing daylight quality, where incorrect light density dlstrlbutlo and low
light colour also contributes to daylight quality (Pellegrino et al., 2015 Wt al., 2019).
The above floor corridor width is another factor that influence ayllght quantity
that enters the classroom through the windows and opening Y.

daylight studies majorly focus on daylight quantity, wh ow i is\tqq#red as the

basis for evaluating daylight quality (Jovanovic et al., ). l _\C}

4 b 4§
In effort to avoid any dark areas in a day-lit cla?oo'm, W ty Rat@s a part of

the design criteria should be considered@%& al. har ﬁlnstitution of
Building Services Engineers (CIBSmrS e ill anigiformity ratio in
istributi iCc nczé}l a space, where the

@
m illumipnance to verage illuminance in the

, 2003). Previously,

evaluating the daylight factor

calculation is the ratio of the
space (Loe et al., 1999; ernar'iez etial’, 2 GQ}T he value for uniformity ratio
should be between O i/ cco R‘staeplards (Mathalamuthu et al, 2018).

ined'as tha:;&vle percentage that illuminance levels are

Daylight autonomy be

above a specifi rget ifhi sﬁacé@here it determines the length of time for a

N
person @'wfon]i ab%_}lt n o.@'num visual (without glare) and physical comfort
u

with ring artificial I|gh@§‘x;2emhart et al., 2006; Jakubiec & Reinhart, 2011).

|scomfort due to glare IS an issue that can be controlled through size and field

position of glare source such as windows. Glare Index based on these factors
Qould be lower than the recommended Limiting Glare Index value (Loe et al., 1999).
Glare Index can be explained as the value that predicts the presence of glare from
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daylight penetration into a space, where it is influenced by the size and relative position
of fenestration, orientation to the sun, sky luminance, and interior Iuminancew

Index, n.d.). (’}

Vitruvius stated that high-quality luminous ambiance satisfaction c? be achieved by
ut

y, Utilitas-

. DWt quality does not

thevsati f&ctio of social

considering the three main components of architecture; Venw@

utility, and Firmitas-durability (Cauwerts & Bodart, 2013

only focus on visual needs and comfort alone, but

interactions, performance, health, and safety matters (\eitch & Gifford, ;Caugverts
S
& Piderit, 2018). The daylight quality theory by ius that dapted is as

N N

- appearance of lighting/space
- atmospheres/ambiences

%,
DAYLIGHT
QUALITY

Sustainable Developement
Artificial lighting = compliment to daylighting

fnao™®

igure 2.1: Daylight quality design process in the sustainable development context,
adapted from Vitruvius (Cauwerts & Bodart, 2013)
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Phillips (1997) agreed that daylight is one of the important components to be considered
in the development of architecture. Even though the daylight intensity and colou

and offers a view to the outdoor environment, daylight is first and foremast ting
source (Cauwerts & Bodart, 2013). Areas that receive daylight is coﬁAﬁble to the
level of lighting measured at a particular point in a space on a flat surface illumination

level in an open area, which measures the performance of tht of the room
|ic

(Rizal, et al., 2016). This research looks into the Utilit

co,*nponent of the

of st de‘?R\d
@

| S
2.2.1 Sky Condition and Global Illuminance in sia -
4 \/‘Z‘

Malaysia's climate condition is cateds.e , Sin ‘i:)cation near

to the equator of the earth (Saw, 2007)."Mal a s be@e 1°and 7° North

iz
aysia coordin
latitude and 100° and 120° East Ioﬁ'ujjes, cons\of‘_ig e n&]jhr Malaysia and East
a% >
6

Daylight Quality, which focuses on the visual performa

Malaysia. The seasonal clim ges_in Peninsular, aysia is influenced by

east and Southwest monsoon

monsoon winds that occurs %eaj
(Nugroho, et al., 2007%% in tr} Tro c"(jf G&er and Capricorn, Malaysia is a
&

hot or warm and humi countr)‘ et al., 2005, Saw, 2007; Jamaludin, et al., 2014)

that has cIimatiw tss h te rfg?ﬁture and uniform diurnal pattern for the
¢ ? L)
whole year. c) m? (_/

X S

: ’g
The s:f ation in Iaygia is'generally in parallel with West and East, which the
el

&’

sum'K rom the East and t%*sunset is to the West. Sun-path diagram simulated in

%erent Malaysia state shows that the sun-path is generally the same for all location

QWalaysia, where the orientation is East-West with the sun approximately 25° to the

North on the summer solstice and 25° to the south on the winter solstice (Tang, 2012)
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as shown in figure 2.2. The clear sky global solar irradiance includes beam, diffuse and

reflected solar irradiance (Daut, et al., 2011). T

There are a few references that mentioned Malaysia has overcast sky cﬁm (Zain-

Ahmed, et al., 2002) and intermediate sky condition (Lim, 2014; Yeop, 2014). Malaysia
sky condition is 83 per cent intermediate with sun and cl skyr according to

International Commission on IHllumination (CIE) standard ov??ﬂky and clear sky

(CIE, 1996; Yunus, et al., 2019). .\d
@
N I 2,

Sun path
B Today
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Annual variation
[l Equinox (March and September)

Sunrise/sunset
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’

@clear sky rangian)Qx; 3.7 hours to 8.7 hours per day, with six hours of

<

Com
Msunshine received causes Malaysia to experiences high solar intensity and

Fi !:S reﬁgw'sbﬁ?;th for Malaysia (Gaisma, 2019)
- N
A

tion (Jamaludin, et al., 2014). This shows that daylighting in Malaysia is available
roughout office hours (Roy, et al., 2005), where the minimum diffuse daylight in the

space ranged between 10.00 am to 4.00 pm (Nedhal, et. al, 2016). Other researchers
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also emphasized that daylighting can be obtained from 8.00 am until 6.00 pm (Tang &

Chin, 2013). The first basic strategy to design a classroom is the orientatlon,

4

can provide sufficient indirect daylight (EFM, 2010).

Tropics climate in Malaysia shows an abundance of daylight due to%gﬁ intensity
of sun exposure, where the global illuminance in the clear sk estimated at

120,000 Ix (Roshan, 2014). The highest hourly illuminatio re |n March exceeds

80,000 Ix, where the lowest illumination recorded is in ,w'tf‘ mean, 60,000 Ix

(Zein-Ahmed, et al., 2002). The average outdoor illuminancelevel in aysia req:ntly
| y | &
recorded is 19,000 Ix (Al-Obaidi, et al., 2015). T earch refers to the w@medlate
f

sky condition for the experiments. The average
at 80,000 Ix for this study. c\/, 0\
2.2.2 Daylight Factor and Illuminghce Level \T
% Y
The original daylight na i deﬁﬁlsystems were based on the

assumption of the uni orVW and’unlt I'msie over the whole sky vault.

Photometry and theory suchas Bo,% ét)@Lambert (1760) on Sky Factor and

Daylight Factor ev I!Jped d ela@ted various calculation methods and
N

design tools ch nomogram d ctors (Darula & Kittler, 2004a). Kittler

(1967) a d propased } re plex formula for Clear sky standard, as per

ce wiI@referred to

&
&

4
requ i aylight e ert;mth?l’roplcal countries. Tregenza (1983) introduced the
t

co daylight coefﬁme\c? where the mathematical functions that relate the

%nce distribution of the sky to the illuminance at a measured point of any space.

Qmmance level for Daylight Factor can be calculated with the three sum component

measurement; llluminance = SC + ERC + IRC, where the sky component (SC) is direct
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light from a patch of sky visible at the measured point, externally reflected component
(ERC) is light reflected from an exterior surface and then reaching the measure

and internally reflected component (IRC) is light entering through the @l and

reaches the measured point after reflection from internal surfaces (Rizﬁ'&l., 2016),

as shown in figure 2.3. ?

CIE Overcast Sky
Zenith
g ) I

s

< \Y~

N c,)

\\ =
\
\\
v \\\
" \\ |7 \\(;:(\ el l'.l
i Adjacent building i EB_C _____ N sk 7}1 s E; = ‘s»l g _".‘
S \l
E=SC+ERC+IR
Figure 2.3: |IIum|nanc sa uﬂree camponents (Szokolay, 2004)

Research by Darula 004 s&ztha e general formula calculation of
absolute zenith Iu |s re||a dentl dynamlc daylight situations for all-
sky conditions I| t F ) is @ayllght calculation of the ratio between
outdoor li ev and r |g€t (e_\ﬂel which develops the DF measurement in
gU|deI| tandaf les ba‘%{' on various factors such as climate condition, sky
con nd many more. Th{formula to calculate the DF of space is DF= (Ei/Eo x

10 Accordlng to Malaysia Standard 1525:2014 (MS1525), any space requires 1 per

to 3.5 per cent of DF. However, Gene-Harn, et al. (2017) research supports an

rgument that mentioned about the inaccuracy of daylight performance measurement
based on DF.
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In recent years, the researchers have used illuminance levels as an indicator of
daylighting in a space. Luminous emittance, luminous exitance or iIIuminanc?me
total amount of luminous flux incident or emission on a surface per unit ar@e the
area is the working plane for main tasks of the space (Starling & Wood&éﬂ,%; Long,
1994). According to the photometric study, it measures the amount ofwi?ent light that
illuminates the surface, which correlate with human brightnessQ:_\e-ﬁ)n of the surface

(Ohno, 2005). Figure 2.4 shows the theory of illuminance. '

R A

TARGET AREA
“incident surface"
square meters (m?)

LIGHT SOURCE I~ ."C [ ILLUMINANCE
“luminous flux" (= == [ j “total luminous flux
lumen (Im) / A incidenton a surface"

(Im/m?2) or (lux)

»

Figure 2.4: IIIu‘rﬁch‘ etry@ photography

Previously illuminanc S desc

describes the phys o& sen's
of the illuminan !&&ofd

!
for |IIum|nancC@yl is lux (Ix or{qu'v(a'l.@nt to lumens per square meter.

bed slbm@ness where brightness usually

\m@ d per <(Yon of humans towards the intensity

e Inéﬁmional System of Units (SI) derived units

S

ayllght measuring methods for open planning spaces such as Hegbie method,
n and Spencer method (Hopkinson, et al., 1954), daylight factor of Waldram and
enestra method of Randall and Martin lack the essential variables in their method

including reflected illumination of interior materials and colours, as described by
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Biesele, et al. (1953). Biesele instead proposed a method that is sufficient enough to
identify the illumination level just by considering the average, maximum and mw
illumination level of any space such as classrooms and offices (Wu &Ng@ The
illuminance level measuring tools such as light meter or lux meter isﬁ&p identify
lux value at a working plane height for any tasks. The lux meter is equipped with silicon

light detector, amplifier circuit and display monitor. The silic Med with various
X e

coloured filters to simulate the human’s eye responses. Th ters ‘hat are going to

be used for measuring illuminance level of any spaces frequires aw against a

y of the | qie[iazi‘ngs

reference, where this procedure is to ensure the ac

y epefw or m&%ﬁring the

hmsftu (Figl@;gt al., 2012).

& >

The lux meter can be calibrated wiMmin@& C&Qﬁon tool such as
logy

Bentham’s LuxCal250, which re fo ’atian%w dp)a tute standards such as
sansta

7]
It (;rr%]j G@ (Bentham, n.d.). This
'etec -' asS.\minous intensity calibrations,

as
which reduces the uncertainties and eft the Q; meter (Sametoglu, 2008; Fiorentin

O

& Scroccaro, ZO}Q.\ ious iight dill n%ance researches commonly refers to

A
detector-base Wtio %s’ lhau%es either incandescent (standard lamp) or

LED-base ourcye r, ibration method that uses incandescent light
e R

(LightLab, n.d.). The accuracy of the lux meters

b

illuminance level for human sleep and circ

Physicalish Technische Bu

calibration method is also

sourc% to be m Iiale"compared to LED-based light source due to its
N
a

solute illuminance res onsivity (Hovila, 2005), which explained the reasons

acqK
%candescent light source being exclusively used for lux meter calibrations (Ohno,

OS). Other calibration methods commonly used in illuminance level studies are Auto

Calibration, Root-Mean Square Error (RMSE), Scatter Plots, Time Plots, Work Plane



Illuminance, Sunlight Penetration and Coordinated Graphics (Mistrick, et al., 2015). A
research that adapts detector-based calibration method uses a calibrated lux mev'a
constant illuminance level source such as incandescent lamp for true illun@level
reference, where each lux meter for calibration are tested with the se&;tudy and
analyse the range of error and accuracy (Gutierrez-Martinez, 2017). TWctor —based
calibration method by Gutierrez-Martinez analyses the absol tm of the devices,
where the illuminance level is recorded at different true lu mu ierrez-Martinez
added that medium value for absolute error is approxim 12 rw‘ere lower

| &

4 i &
M aluati@ethod for

lications in 1994. The

values indicate a more accurate illuminance level rea

International Commission on Illumination (CIWI

glare based on outdoor sports lighting QN li
measurement method requires for the%ers wi ac_h\Qnt on a horizontal
ate

illuminance grid (ground plane) t valwtegh%’r o@or, as shown in figure
%o

q
2.5. However, it is restricte rizo rids ofA‘pa”?lts below eye level and
applicable for outdoor ea?ﬁorts 'ghti 'ppl'e%i}ns (CIE112, 1994). Although
this method uses a siml:ar 'i’umi ante,gi al'tb&working plane lower than the eye

O

level, it is not sui h&this search due tpHits application for glare evaluation in the

outdoor envir M | O
&, 1)) &
Yv

O
S
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In order to measure the average iIIur@&ce evﬁ;@e, w meters are arranged
in grid for luminance spot meag@ method. qlum@e spot measurement on

the grid of the space layout is sultable jﬂ e illuminance level of the classroom

N
at the task level (Theo rsonzoog; Zomorogdian, @ 2016). The depth and width of
s
e th

the classroom influ& ri' ‘N{e\ minance spot measurement setup (Al-Sallal,

(72]

2010). Figure 2. an I fthe.@)minance measurement network grid for

S
1 (O
irregularly sh X’:\ce Lingfers & Volotinen, 2013).
=G AN

& v

) &
N
S
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Figure 2.6: llluminance measure%wetwork \UN(WmQH‘o(E%L Volotinen, 2013)

5 f S
“« Q-
The existing standardized sk enabledssi ulatiqiﬁdrograms to evaluate more

N
realistic daylight simul 'on,Qhere tur‘idityfr POB n situations and local sunshine

duration considered to det me*b\s até@.,(Darula & Kittler, 2002). Different

task areas influer@inim@nber @asuring points and the dimensions of
the iIIuminan@&ell (EN1 }l Qg-/

20
&
Measuri oifits aloh: er sl“s.h)f the grid are calculated similarly. The ratio of

one.si another side shoul@flose to value 1 as possible. A band of at least 0.5m
w Xm the walls must not be included in the illuminance grids unless the visual task
ired is not at lower distance or height (Esse-ci, 2019) as shown in figure 2.7.

imilarly, it is not necessary to position the equipment 2 meters near the windows due
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to its excessive amount of daylight (Mathalamuthu & Ibrahim, 2014). This might due

to the angle of the daylight entering the space from the windows. Yv
D
- >
A i 0,5m Layout of grid
1 P1/2 points to measure
. . . n . . illuminance
MEASUREMENT / CALCULATION
CORE AREA (calculation
- - - .= ° pa— and check) when
,P_w. ' ja]jm: Pw/2 the entire area
u u g o | [ [
0,5m i ! Ejm corresponds to
""""" ' the task area.
¥ ] ] ] ] | ]

oor (Esse-ci, 2019).
&

Illuminance level measurement in a 3ft X m) or@ x Imilluminance

~—*

grid points at 2.5 feet (750mm) In plan a)g ssroom that identifies

the uniformity of the daylig ibution™is_a s tabl& hod for intermediate sky

conditions in Malaysia Sub?ﬂlam 013 hala@‘uu & Ibrahim, 2014) as shown
in figure 2.8.
\& o

(a)
&
‘é\ N

N
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Workplane Grid Points
(3'x3' Spacing)

Figure 2.8: Grid for measurin plane ill qna{nc c@Ubramaniam, 2013)
mulations usi - bl sy light
Simulations using a scaled mo ill Ilabk ylighting results due to the
characteristics of the% distritItion o r@ries, even as compared to a
mulation

L g

. d .
computer-generated i Tm\ 4),%e another study shows a consistent

result between Mter- simLu%ﬁon and conventional design wisdom
!
(Reinhart, 2@ reSearc séd éinstudents' preference shows that physical

modelli@rep a :b anébl\mulation was more flexible (Wu, et al., 2000).

Due to ‘the flexibility use of siQEt.ion software, this research focuses on the use of

N
c Nr-generated simulation. One of the simulation software that evaluates
=

hting is DAY SIM, which includes parameter such as climate, daylight factor,

Qﬁ/light autonomy and daylight illuminance (Jovanovi¢, et al., 2014b; Mistrick, et al.,

2015). An interview with Ove Haldin by Karppi (2013) shows that lighting design
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calculations can be evaluated using DIALX, free software for daylighting, with
MagiCAD for composing the lighting design. The software provides a report cow
of a short introduction of the luminaires used, values of illuminances on e@}l and

the portions of direct and indirect illuminances, and also produces ray- rendered

images, of the simulated lighting (Karppi, 2013). ?

A digital lux meter is commonly used to measure the surface

value) in space as a reference for the computer-generat

Integrated Environment Solution - Virtual Environment (I

identify the illuminance level based on windo d openings, Where %’fi& of the
nce tk@ﬂuminance

" 2 » A daylighting

study by Abdelhakeem, et al. (2015) and hala%th l. &(@ uses both IESVE

simulation and field measurement&or |IDmina|é;STh VE illuminance level

7}
results based on different siz\ ind%} wir@o-ﬂoor ratio (WFR) and
illuminance grid can be, as Wtely #mul : (%\za, et al., 2018), as shown in
> ’

figure 2.9.

independent variables is the dimension of the WW

level received in a room (Mirrahimi, et al’, T A a’al,
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WEFR PNP-001 PNP-019

20%

Ave. lux : 573.5 lux Ave. lux : 584 lux
Min. lux : 129 lux Min. lux: 132 lux
Max. lux : 1413 lux Max. lux : 1246 lux

Figure 2.9: IES iIIuminN‘e\b/el simulatio resu@aheeza, etal., 2018)
N
IES lighting analysis inq;ded with R arllc@y-tracing software to estimate

daylight accurately (Mirr. i, e.{ Zf@aral, et al., 2015), similarly with

DIALX. The Ra@s i;@d to \@ate the daylighting results through the
N
analysis of rr@ data tak rfllﬂ ﬂ%}ﬂding under any identified sky condition,

such as t ical 's‘k in Malaysi ousavi, 2017). A study using IES Radiance
b 4

shows‘tha daylight factor s'mYIéted in the software is between 0 per cent to not

ity and validity for daylight analysis using IES software (Nikpour, et al., 2013a).

C.)
:wan 10 per cent differe}ce with experimental measurement. This shows the

Qmparison studies show that IES is among the most less reliable, less accurate and

more uncertain in evaluating the energy consumption of buildings (Hopfe et al., 2007,

38



Reeves, et al., 2012). However, this research only looks at the daylight evaluation
function of the software. Other researcher sets the floor reflection at 0.2 (20%

reflection at 0.5 (50%) and ceiling reflection at 0.8 (80%). The transmittan(e%\t 0.7
(70%), similarly with the default settings in IESVE 2019 (Naeem & Wi 007). The
model for the simulation is on a dark ground without any contextuaIWctions. The
suitable room surface reflectance and light transmittance valﬁ\i*ue simulation in

this study referred at (Altan, et al., 2015):

i Floor; 0.3 (30%) ‘\d' \Y'

ii.  Walls; 0.5 (50%) b \/‘Z'

hRNIRS
iii.  Ceiling: 0.7 (70%) 3, 3 é\
iv.  Light transmittance;t%}? \g_\é
‘% n>v "}&

2.3  Daylight Effects
X i

Daylight studies related to w’.s\ iJ ng organism, in general, are known

as photobiology.@st H'a@eﬁec@light on a living organism such as a
human is tow@ fulcti(ﬁ/f*t e. Light provides the required intensity of

illumina &?for ‘gn tas?t e ormed efficiently such as reading and writing.
Dayli Zagnfluences um';n %Yﬁing patterns and schedules due to its effect on the
h:mcircadian rhythm and}ological clock. This are also no exceptions to the

ts' biological conditions. Various studies have been done that shows efficient

O/Iight in a classroom can affect the student's health and performance (Edwards &

Torcellini, 2002; Heshong, et al., 2002; Zomorodian, et al, 2016).

39



2.3.1 Daylight Affects the Human Conditions

Islam, Judaism, and Christianity as major monotheistic religions describe NY:m
important element (Antonakaki, 2007; Gilavand, et al., 2016), wherein mt whole
chapter of surah An-Nur is dedicated to light. Verse 35 of the sura 's guidance
is seen as a light in a lamp during a dark night (Antonakaki, 20 The importance of
daylight to the living organism such as human are studied i aWﬁc field known as
photobiology. This shows that there is a common ackn ement @f lightimportance
in both the science and religious field. ’ \Y'
P
Ibn Al-Haytm was the earliest Islamic scholar?{.; udi% t of.light on the
human eye. Ibn Al-Haytm has contradicted, th thea?/ 0 xtra-l@?‘g\ by Plato,
y

Aristotle, and Euclid. This contradictiMaJnded b
sensation felt by human eyes that @jposed \n‘e gJ(\I' his causes the eye's
N

structure to change and cause%disconmfort. he siq was on the relationship

he@bbserves the pain

—+

between human eye anato

ysirl y with Ii@ory (Gorini, 2003).
'S
C—) \"bj" &
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Rods and Cones

L/

Figure 2.10: Human Visual Path hami faib?(lZ) \/‘

?
The human eye functions normally when t‘ENght. he o&‘ﬁé\nerves system,

the retinal image is changed into visu tion @ transmitted. The

\ K'Y
images transmitted depend on the of | [\ (.’)@ocornea. The limitation
@
of the eye to receive and acce& tain ameunt o iéht\i\n@ﬁsity influences the human

circadian system and rhyth ce, f003 ere @two light exposure effects in
{
human circadian such %e su [
e circé&ﬁn system of a human body requires a

circadian phase (Bluméngt al., 201
N
reset period WE Me 2 -h9u gto té_gynchronized with external environmental
C

HQ' isler, 2009). The s;@;hronization shows that time cue in the human
circadiﬁWm is rfoj id'nue@ by light (Skene, et al., 1999).

>
N

ppressio n-nal/e%nin and its ability to shift to the

time (Du
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“* Metabolism
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task performance

*“* Expression of genes

Figure 2.11: Human Circadian Sy@hikari,ZO LN
’ X
W he cireadian rhythm,

nes, Qﬁ‘; metabolism.

certaintype of patient for

@ often sleep during the

he
vin tention iency, poor performance,

The brightness of the light received by the huma
which influences the sleep-wake cyclc,\Mio
Exposure of bright light sometimes is%vely used

treatment (Wever, 1989). Student :af sbepﬂl
ha

evening, which causes slee

emotionally upsets and xpw mo% injurie v@n the classroom (Giannotti, et
|g;t s’u ifi

{
al., 2002). Natural dayl rce and’ ial' lighting have three same effects known

N O

as ‘Triple Effect’ vhichéare visual ction@ating biological effects and emotional

perceptions. T, chts re exp 'r?d a@@w (Zumtobel, 2018):
%? &
% isuah-f Ms
Y-v

KNS S
\ a. IIIumlnai%h of task area in conformity with relevant standards

.

0& b. Glare-free and convenient

ii.  Creating biological effects
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a. Supporting people’s circadian rhythm

b. Stimulating or relaxing \2
iii.  Emotional perception A :

a. Lighting enhancing architecture

b. Creating scenes and effects .i '

Referring to the 'Triple Effect’ above, this research studi e first e Whi%hQare
N
visual functions. Veitch & Newsham (1998) descri ighting quali ths_ii'é’space

with appropriate environment luminous requifv:r the\;é ing Yﬁie‘};pace for

tifiea@ix groups:

specific task or activity. The lighting qualtwreme
visual performance, \

&, ] N
ii.  post-visual per suaw as &ting<§e?ading, walking and all

activities, Y' A
1i communlcati’wan sCiakd lﬁcﬂ,gp,

Iv. é&tes pme&J rformance,
N S
2 .9
v4£ ) aesthetic judgme san@)
S i 3
i. ¥ safety and healtr}_}‘}.
NS B
%’s research also adapts the first two lighting quality requirements above, which are

sual performance and post-visual performance for students. Occupant's satisfaction to

S
&,

perform a specific task is highly influenced by the indoor lighting in general (Husini,
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2016). Jago & Tanner (1999) described that the visual environment such as daylight

9

intensity affects the students’ perceived visual stimuli, which affects the st
mental attitude and performance (Samani & Samani, 2012; Higgins, e(ﬁ}()%).
Students at adolescent age that have poor sleep quality due to their ian rhythm
being disrupted recorded low grades and association with depression (Short, et al.,
2013). Eye strain experienced by occupants can be reduced bf;ﬁing an efficient

light spectrum through proper design and integration

light in the space

(Heerwagen et al., 1998).

2.3.2 Daylighting and Student’s Performance

Efficient daylight provided in the classro

due to its energy-saving outcome, b 0 ahances t

beneficial to the students both in )—ﬁusand IeaN&tc m{s\Sojoudi, 2014). The
‘2 Iy N
studies on efficient iIIuminanc%\hrouah da ightirl%ﬁnolearning spaces show a

significant effect towards t ts’ Ie ormance @haviour (Samani & Samani,

2012; Mirrahimi, et al! - Yacan,

’

&
2018). The effect i es im@s in trguddents' behaviour, and increasing test

iltisti@j\‘ﬁnalysis (Heschong, et al., 2002). The

score results sw rou
¢ Cv)
evaluation vigual disc rl’ ir(Jearning spaces requires lighting aspects
igns'such

N
as r‘;efficiﬁgy for the task performance, shadows, uniformity

T
distri n of light, veiling r@ons, artificial lighting flicker, and glare (Boyce, et
‘@). High intensity of the uncontrolled light source and bright coloured surfaces
G es direct glare, whereas high light reflectiveness of walls, ceilings and floors

urface causes reflected glare (Zumtobel, 2018). Reflected glare caused by the intensity

014; }Le\b' al., 2016; Al-Ashwal & Hassan,

considerat

of the interior finishes colours influences the visual comfort based on the task provided
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(EFM, 2010). Insufficient lighting negatively influences human physiology, students'
learning capabilities and abilities (Edwards & Torcellini, 2002). A study showsw
per cent of existing classrooms evaluated received illuminance level fhi than
recommended by guidelines and standards. Another 84 per cent oFNIassroom
evaluated exceeded the illuminance level recommended that causes mual comfort

decrease (Winterbottom & Wilkins, 2009). \,
The students’ subjective moods, attention span, cognit@\m@?er‘mess n
classroom increases with adequate natural light ( egar & Baubekgi 16)\which

Shigheg
also can be improved by implementing strategi at optimi
' 4

quality while maintaining adaptive circadian bOWk ( M\ I, zo@The visual

environment quality of a classroom can b@?ﬁed i lare #:mple daylight
source supported by high-quality artifm ti

t al.,"2015). Other studies

r@?
also show that optimum daylight, in ,asar%p ova$he students’ eyesight,
S

(7}
ste d less dﬁe%aecay or cavities (Nicklas

—t

stu’dt?ﬁ;? sleep
Y-

increased growth, improved i

<

: Ny
nt inGreases ﬂ@health of the students that there

|9

,WhiChs (ié fewer days absent per year (Olson

i

12N

were 1/3 fewer absences dueto illne

& Bailey, 1997). The heflthWonm

& Kellum, 2003). A research si’owst t stud eel sleepier and unable to concentrate

A
in classroom ee\Nna quate u’nlin level, where the students understand that
mproyes theirjacademic performance (Samani & Samani, 2012).

adequate I@g
‘y R
Sustainable design elements aa_’q)\,strategies in green schools need to include in the

d Nng considerations (Vi Le, et al., 2016). Green schools that implements and
0

tes the sustainable strategies such as efficient daylighting improves the student’s

Qformance (Nicklas & Bailey, 1996; Issa, et al., 2011; Sanoff & Walden, 2012;

Ibrahim & Ahmad, 2013) as well as the students’ health (Demir & Konan, 2013), where
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the teachers also experienced the same benefits (Radwan & Issa, 2017). However, high
intensity of daylight reduces the students’ performance due to glare that redu

students’ eye acuity (Plympton, et al., 2000; EFM, 2010; Arabi, et al., 201®ram
(1913) mentioned in his paper that glare and eyesore are visual disc that can

distract the student's attention in class that can affect the stud ’s health and

”‘l

performance. Quoting Figuero and Rea (2010), reported that eye fatigue ness caused by
visual discomfort is one of the reasons for the loss of conce mb him & Ahmad,
2013). Inappropriate visual comfort for the required lear task c‘hsegﬁreductlon
of students’ performance (Gilavand, et al., 2016). Th re, adequa ajh@ould

be provided in a classroom that requires these urcesh fic Iejﬁng tasks

_ . o
such as reading and writing. \, é\

Daylighting design of a building can impr prod%' sp&@mal etal., 2016).

The students can read 26 per cengsteain a b%vy |gh[,g}allty than students in a

6
lower quality of daylight in th oms chang MAﬁQﬂe Group, 1999). Similarly,

research by Hathaway, taIW) shc#/vs th t e stu@nts learned faster and achieved
higher test scores. The students’ vj eﬁ‘@‘mance also decreases when the
illuminance level xlassn‘oms e too @ (Syaheeza, et al., 2019). A study on
Optimum Tas P mamce, Zo gﬁ Pégahd Non-Optimum Task Performance Zone
(NOTPZ) att stu nts p r&ffn better-writing tasks at a lower illuminance
level Iassroom Ar{bl Q‘al 2018). Due to its importance to students’
pe Ae, daylighting desigﬁcv:u?trategies should be prioritized in the classroom design
%e & Heschong, 2002). All of this research shows a strong relationship between

0. students' learning performance with the daylighting quality in the learning space.
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Bulow-Hibe's (1995) questionnaire that consists of components such as light level,
coloration, distribution, directivity, glare, and contrast was adapted in the w
questionnaire. The questionnaire adopted was a 6-scale descriptive scale \&msts

of perception on the brightness of the room and the amount of glare pr from the

E’

window (Cauwerts, 2013). In one of the previous researcher's que onnaire, a few

,q

references to the occupants are direct responses based on the sua |ronment of the

classroom such as (Hirning, et al., 2016) and as per stated IIo mgs:

i.  Details on location, time and referenc!of the'questionnaire a$e§ ),

ii.  Questions on general lighting, \/‘Z*
s
iii.  Indication of the Iocatlon o bmg%} distractin t source (glare
indication diagram), O
A
&
iv.  Types of glare identi y atc up ts, Q(?

v.  Basic questi emagraphicand t erformance and
(o N

vi. Comments dISC re‘.‘q
N

Variables succmé conditio kﬁhl ectlon and location of the participant are

recorded asse ors) ééﬁflon of participants recorded reduces the
w

dlscrein fdata co ect : \h/ e the location can be next to a wall, in mid-plan or

de Ian Hirning, et al., 201(%0\ survey on visual comfort consisting of 40 examinees

0‘@73) where there are 55 per cent male respondents and 45 per cent female

pondents to reduce the discrepancy of data collected between both gender

(Jovanovi¢, et al., 2014). In general, the selected students' age should be 11 years old or
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older to overcome the limitations of student's reading skills (Vi Le, et al., 2016).
Sleepiness Scale (KSS), Office Lighting Survey (OLS) and Short-form 36 Iterwﬁ-
36) are the three validated questionnaires used in research to evaluate the @Dself-

reported sleepiness, measure occupant's light perception and measn!e;w-reported

general health respectively (Duijnhoven, et al., 2016). ?

Another variable indicated in a questionnaire of research e es the occupants'

OQ?L, 2007).
aluates-the
N

participants' brightness perception in real-world tions and /controlled c%mditions

a que@ﬁnaire that
& ug

, 2017), where

perceptions of the importance and size of the office

Descriptive rating scales have been developed and

(Cauwerts & Bodart, 2013). A study in an ofmil i

evaluates the daylight environment of th(wg ing

—

another research included the demograp andth\e

rooms and quality of the visual ;wrameﬂm%yq

spaces (Erell, et al., 2014). \ “ A&
volll IFIRS
2.3.3 Handwriting P@ e bjl 0.
4 2
NQalile

Handwriti %d h sl been ssoci@with the assessment of performance,
where the tirri%&en finish y}iti @k of a specific text or the amount of text
produced \@a Iimitys rtﬁ'(Ferrier, et al., 2013). A method conducted on
stude % ‘IG equ‘rres\t/YETn to perform five tasks, which are copying with
'bw fast' instructions, abhabet writing, 10 min free writing and non-language

ask that involves drawing specific instruction (Barnett, et al., 2009). Designing

id and reliable methods to assess a complex multifactorial skill such as writing speed

is challenged with ethical, practical and scientifically implications. The assessment is
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regularly carried out in secondary schools, high schools, colleges, and universities to

identify literacy skills. Three principle methods are (Ferrier, et al., 2013): Y"

i.  Copying !: ,
ii.  writing to dictation T

iii.  expository or narrative writing or ‘free writing ’Yv

Wallen, et al. (1997) Handwriting Speed Test (HST) andypZiviani ins (1984)

AN
Handwriting Performance Test (HPT) both req@ students rlte.{?ertain
. : P g A ,.z'
sentences and word within a short time ranged T\o 3'minu |V|aVz~ Watson-

Will, 2010; Ferrier, et al., 2013). A group@vts ag
argumentative or free writing tasks wit minute ti imit @nish each writing

task consisting of 600 to 800 . The s Wi r@ask performance was
o e,
ent

evaluated with an analytical aS\ protacol ( S‘me«%’ al., 2014). Test of Legible

K\

Handwriting (TOLH) intro y Lisen ammil(1989) records the time speed
for the writing task to r@:j holistic | i}iﬂ@ students' handwriting at age 7 to
18 years old. The Nr mirpte ) Wa;ést/orded and evaluated for the students'
writing perfo@ ge‘rs a'se-a)(lﬁhg,, 2002). Measurement of Handwriting

consist of@v sureg, s ({/IKQ\_/yeII,et al., 2009):
40 "uj: >

: I. %" Handwriting (SA ‘Thandwriting style and neatness are assessed as part

17 yeats old wrote two

;\ of the national test.
0 ii.  Handwriting speed - copying test that evaluates the students’

handwriting speed, scores in letters per minute (LPM)
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iii.  Alphabet task - measured using a form of the alphabet writing task

involving writing as many letters in lower-case as much possiblwme

minute, scores in alphabet letters per minute (ALPM). q

Another reliable method to evaluate students' handwriting per nce is the

Handwriting Proficiency Screening Questionnaire (HSPQ), which comsists of a 10-item

questionnaire that identifies respondents' handwritinwc (Roseblum, et al.,

2003). Children’s Questionnaire for Handwriting Pro cy (

developed to evaluate children’s’ handwriting pr@, with Simila itfmxﬁge;red

from HSPQ (Engel-Yeger, et al., 2009). Theitems*or both .HSRQ a d"CHaP are

pe fo@l-sqee domains
(Roseblum & Livneh-Zirinski, 2008; I@ger, et &

9):O
i.  legibility C‘) o \Y §

“ &
ii. performance tirk\ Aj \A%
L =

iii.  physica otiona‘b

ellbei
=

i‘ing @\ H) is another method that evaluates the

handwriting deficiencies indicators basedagon ert

Detailed Asses%cw eed‘ 4
handwritingsproducts and speed ptﬁg}mance to complete various writing tasks
introdu& Unit'eolj(jJ om§\he only standardized speed test. The test includes
tas luate the best copy@ fast copy, alphabet writing and freewriting (Prunty,
et 13; Webb, n.d.). Barnett et al., (2011) and Prunty et al. (2016a) also adapt

H to evaluate the handwriting performance of people with Development

oordination Disorder (DCD), which evaluates the respondents’ Copy Best, Copy Fast,
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Alphabet Writing, Free Writing, and Graphic Speed. The explanation for each

evaluation are as shown below (Barnett, et al., 2011; Prunty, et al., 2016b): T

I.  Copy Best — number of words written based on provided sentences is

recorded and divided by two for ‘word per minute’ score.

ii.  Copy Fast — similarly with above, but the studentwquired to write
the sentences as fast as possible. s z '

iii.  Alphabet Writing — students are required to Write eMbanbers

J N
based on memories as repetitive a ible for 1 mi i Ie&(ze? case.
? 4
; \/‘T

Correctly sequenced lower case w!are r’ea{d X

iv.  Free Writing — Student@ﬁed t ite on a topic for 10 minutes.
i

The total number of

legible or%Ts gﬁdgd and divided by ten
for 'word per minute e. @ "}

“ &
&
;;fé

‘) by. rez @rush (1999) is a standardized

Hebrew Handwriting alugon (HH
ritla

Hebrew alphabet had%' ( ose@ , et‘;@ooa Preminger, et al., 2004), along
with DASH are N the lost preh e handwriting evaluation reviewed in

O

this research.@ﬂ gh,/'sofme }h'e o@l-@r handwriting evaluation only focuses on
? @

English &I‘éw?l abgt, instead.of Arabic Alphabet as required for this research.

Handﬁ%

erformance for Ac')b and Hebrew alphabets are much lower compared
'wglish or Latin alphabe?(Ziviani & Watson-Will, 2010). However, one of the

evaluation, which is Copy Best, can be adapted for the research to identify the
N

dents' handwriting performance.
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Most of the evaluation for handwriting performance uses word per minute (wpm) as
measuring the performance. Although this research refers to wpm, the speed p?m
performance are divided with different average letter per word such as @nd 5
based on the respondents' background and demography (MacArthur &'%m, 1987;
Vacc, 1987; Graham, et al., 1998; Connelly, et al., 2005). The chnmon wpm
calculation used is dividing the written letters by the minutes t kethish the writing
task and divide by average letter per word of five, the re xt e average word

per minute rate for the respondent as shown below (ZMNviani & ‘a\sqldill, 2010).

@

re of the e aﬁo&(—kg;rthi

m){ ts a@' 13 to 14

iviani &d‘Vat -Will,é)ig. These are
the reference that will be used for thisw:;a é

Incorrect words or letters do not penalize or deduct th
& DeCoste, 2005). The average words per mi

years old is between 14.3 wpm to 15.6 wp

There is a various method of surement ifferen {?pects of visual acuity
(7}
throughout the history such aﬁ n, Gréen’s artgfnk(;olt C, ETDRS Chart and

many more (Colenbran er,w DutIh op h' Ir@ist Herman Snellen introduced
me i

the Snellen eye chart to ity h{,’l862, where there should be good

natural light on }Q&t (SL]e, 2007). S eye and Early Treatment Diabetic
Retinopathy }NET RS) C r} hreg%e‘d to measure respondents' visual acuity

C
through th d procedu al in, et al., 2007; 2008). Respondents' function
' 4
w rgefy ca

of refrsr ror after ﬁgbe determined using Snellen acuity results (Tucker
V

&% n, 1975). AIthou@Ic;)the Snellen eye chart has poor reliability and

%Jcibility, itis still universally accepted as a tool to test visual acuity. Pelli-Robson

Oer chart is one of the means that functions as a measuring tool for eye acuity test for

patients or respondents (Williamson, et al., 1992).



The available Logarithm of the Minimum Angle of Resolution (logMAR) eye charts
that negates the disadvantages of the Snellen eye chart has not yet been universal?!ud
during that time (Hussain, et al., 2006). LogMAR eye chart also known as i\!ovey
and EDTRS. LogMAR chart used by Anter (2013) with visually simil s such as
D, C, and O or R and K in ten lines of random letters with the e numbers of

spacing for each letter was adapted (Husini, et al., 201 in figure 2.12.

characters, where the font size ranges from 4 to 36 point, CaIiQri boldfont with double
owr]
However, these eye charts that measures the reading tas acui e:?qudmilar with
@

required sentences such as “the quick brown fox ju ver the la d(k” @16 to

measure writing task performance and wpm (P’W al. { .\/V("

a = QY.

KRNZSDNSOS<

EKUOZSDRN

VHRDPORKU

DVNZRHNFD

FUPVEPERZ
ZRVNDFVPZ

SDNOKRZVH

UFDSNOKRE

NERDOSZVP

Fi&@jlzroaif' %gl&/ﬂ%ye Chart (Husini, et al., 2017)
Rosenb% rd, ajla dh ?card@we form of a mobile eye chart is widely used to
Y‘

meamear visual acuity (H@))'ton & Jones, 1997). Minnesota Near Reading Test
\

( D) acuity charts in the Greek language (MNREAD-GR) were established

b on the extensive and comprehensive sentences or paragraphs structuring, experts'

Qaluation and testing results, validation for repeatability and linear mixed-model

53



analysis (Mataftsi, et al., 2013). MNREAD chart is a continuous-text reading-acuity

chart that measures (Mansfield, et al., 1994): T

I.  Reading acuity — smallest print that can be read without y:'3|a|ficant

Yv

ii.  Critical print size — smallest print that can be read w aximum speed.

iii.  Maximum reading speed — reading s@ readlng tasks is not
limited by the print size. ‘\d

X
LS

Jaeger chart is a card that printed paragraphs of text, Which the texts font sizy-'rncreases
NV

errors.

in a range of 0.37mm to 2.5mm that tests near vision acut lesi, e Y,'2011). The

original Jaeger chart was in 1867, 5 ye%%he Sne
of seven scaled size paragraphs (Krtana, 0 ‘Fbe\?.lit jsdneasured based on the
smallest paragraphs that can be rea 1le holding the card-at'a comfortable distance

7]

chartntroduced, consist

(Pal, et al., 2006). Even thouN par r sen&%es of the Jaeger chart are

N
similar to the required e mezuring itingytask @mance and wpm, the alphabets

used are English, in&ado rril i r mredr @me research.

S

.

A Q |
Colenbrander M t |s‘a s ed Cg;)'neasure the eye acuity performance of
respondentsyghase nth/ speci tar@roup (Colenbrander, 2009; Buari, et al., 2013;
2015; F\% 017)." nd ’\:%art is a logarithmically scaled chart that has the
SneAtion. The chart consi&?{)f sentences with 44 characters that built up 9 to 11
wo\‘ he reading parameters in a standardized logarithmic reading chart identifies the
U al performance of a patient through reading acuity, the reading acuity score,

maximum and mean reading speed, and many more (Radner, 2016). Similarly, a

standardized and validated Arabic eye chart has been established by Alabdulkader &
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Leat (2017) through extensive progress research based on MNREAD, Jaeger and

Colenbrander chart. Y-

Through validated sentences of the Arabic paragraphs, reading acuity (R g'nd ,eading
speed in standard-length words per minute (SLWPM) were measured?gmpared for
the Balsam Alabdulkader-Leat (BAL) eye chart, where the re% normal visual

acuity (0.00 logMAR [log minimum angle of resolution]), we rated with linear

regression analysis (Alabdulkader & Leat, 2017). Initi Iawe Arabic
sentences adapts that of the Colenbrander chart withg similar grade | oftiifﬁpulty
| &
fit the'required
Y-

sed o@fabic word
per minute (wpm) written by the students(\, Q\ QE

2.4 Educational and Learning Q \T ,<\
o )

Based on the first recordedditeracy angient Eg& civilization, it shows that

(Alabdulkader & Leat, 2016). The BAL eye cha be modified
? 4
chart to measure the students' Arabic handwritiRpe'rfo N

education was held in old sc hool’wit i ine@d temples (Tanic, et al., 2016).

The evolution of Iea%pace desi

construction tech@gove‘nme policies%educational systems and many others
0

[
r],-tlz%/ th century was influenced by

&

2). 'I;he rliest r @ed school design in the United State was
4

a single r@' ding jwh e su@e'nts are in one house and learn in a typical
s#Sch

educati system kﬁ'o
&

(Sanoff & W

ouse' design (Robson, 1874). However, Barnard
1842 loathed the“é'cfhool House' design due to its closely universal, bad

@ﬂ, exposed to noise pollution, dust and highway traffic, un-aesthetic and
Oulsive external and internal experience (McClintock & McClintock, 1968; Weisser,
2006). Horace Mann has introduced an early model for the standard adequate classroom

as shown in figure 2.13, where there are standard rows of desks, windows on two sides
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of the room included with other facilities, utilities, and amenities known as Common
School movement in the 1840s (Baker, 2012; Sanoff & Walden, 2012). The cla

started to integrate with other larger institutional bodies with larger acco@tions
such as a church's hall and community hall due to the increment of st Once the
educational system changed to specific and different education, moderg schools design

with a few classrooms in a single building were introduced (V\(H NZOO& Sanoff &
t

Walden, 2012). The development of school design in h retcred extensively

within a careful research, standardization and calculate ign proc er, 2012),
| ]

| | | X,
thus created and introduced various school desi vemenf su a‘ :pr -Air
Design’, ‘School House’ design and ‘Common or ‘Sch hite@é’ design

- S WY
(Wu & Ng, 2003; Weisser, 2006). \, 0\
) N
[

=
L]

L

&
&
S

— ——r —r - T

Figure 2.13: Horace Mann, One-Room Schoolhouse, 1838, Plan (Weisser, 2006)
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School building can be explained as ‘Exclusive’ and ‘Selective’, where ‘Selective’

school building uses ambient energy or a design based on daylighting and ‘Ex 1

refers to the exclusion of environmental effects to the indoor environﬁg}f the

classroom such as smaller window design and the use of air-conditionti ems (Wu

& Ng, 2003). ‘Exclusive’ school buildings were a trend in the early s during the

energy crisis period, where designers started to design buildings out windows to
3

save energy (Baker & Bernstein, 2012). 'Exclusive' scho Idings ')roven to be an

unhealthy environment that can cause a psychological t on the (Karmel,
L

ilding prefi ‘r@dows

ts]‘KS.e . ’sc@fbuilding

rssbetween bot Y(;olbuilding,

1965). 50 per cent of the students in ‘Exclusive’ scho
in the classrooms compared to 94 per cent of th
(Tikkanen, 1970). The students’ behaviour4also

where ‘Exclusive’ school buildings sw >re timid a om@ more frequently

(Demos, et al., 1967). The psychological study\mi

daylight received, the view ca%

students prefer to sit nearer to,the Wind ws'{}at a design that has minimum

windows and opening%a light f‘ f‘ a g@my atmosphere for the students

(Barrett&ZhangﬁL l \ C},
2.4.1 DaylightingsDesign for Classfoo
) @,

\
%;nonﬂ: ‘5 reIa%@o the fundamental of policies, economics, and
Q ideologies of educ@, where Built Environment looks into the physical

&
co?\thns, environment of the school, and building design features and components
at’e

@D

-V

d hk ue to the amount of
N,

d vigJaI and also Q(E?mal comfort factor, the

4y

S

& ffects temperature, acoustics and lighting such as windows and openings, layout
esign and others (Earthman, 2002). The ‘intangible element’ in a classroom design is

the non-physical variable such as energy use, rules and regulations, the sound within
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the room and daylight factor, where ‘physical element' is the arrangement of desks,
windows and openings, walls and other physical elements (Hannah, 2013). W
lighting, in general, gives an impact to the occupants' desire and saﬂsf@\o do
specific work tasks (Husini, 2016). This research refers to 'physical ', such as
the height of the table working plane and the classroom window sill W ‘Intangible

element' such as rules and regulations, acceptable illu nwevel, students’

Since the 1830s, architects and educators alike consistently Strug inMate ppblic
| o o | &
education through school building modernization; as improving ‘the wre@&arly cut

K4

perception and learning task for hafazan are also consider

the indo ht and air
requir eﬁzznt for schools

ne Qvement in Europe

windows and openings of 'School House' bwlmat i

(Weisser, 2006). Scholars agreed that aftecN? Os,

evolved from big halls into smaller roothlc star

called ‘open-air design’ (Wu 3, 1 ). I{l};’}duced as Waldeschule
(forest school), in Charlotte erma Ber n 1904, it focuses on the
improvement of the cla rovﬁatu 1vent t ayllghtmg by having with less

solid walls and full- helght penn\ uf (Chatelet 2008). Although the

movement was fo sing'en da;‘llghtl , Issu ch as visual discomfort caused by too

much daylightsrecei d inthe c robm e unav0|dable It also can occur when the
design of o d I?ca on n art|f|C|aI lighting source are inappropriate
(Boyc 003 Zu tobe‘l 20‘1{8) Thus, according to Waldram in 1913, there was

a |g ncept that dlsagreehc*;v-)lth the use of large windows in the classroom due to

§uch as (Wu & Ng, 2003):

i.  Method to reduce excessive glare,



ii.  Advancement of cooling technology, usage of air conditioning system

has made the engineers introduce a smaller window to save thew

A

iii. A large window that allows large views to outside distract the student’s

use of the classroom,

intention, as suggested by educational theorist, \,

iv.  The method used to measure daylighting a tz, '

v.  Undefined minimum natural illumination level in IaMand?.
N
| S
vi.  Recommendation for reflectance lev wallssand cei ings.\z~
Y' NV
\ {\Y_
During this period, the school design sar\(ﬁ\({cus hysical element’ such as
effi ightin (I—,méini, et al., 2017). A
A

windows and openings that provid&zl ent ig
renovated preschool classroom in hagen that stall&_d} skylight improved the
7]
efficiency of daylight. Classroﬁ\w Den t usegy'light also proven to have a
N

uniformly distributed c :miirsce level (C stpff@ , et al., 2016). Similarly, roof
n cla te

windows or skylights i 0 st {@e uniform illuminance level (Bruin-

0
Hordijk, 2005). Mr, st lnts i wede@t use classrooms with skylight or roof

N
window expe@} !e ﬁieg?dently compared to side-view windows at
eye-levelh@l’n

O
and ﬂa isual comfort in ct@)g&.lassroom (Tikkanen, 1979). This shows that the

positi n.@s, a skylight may not provide efficient daylight
4

c 'Ncondition, sky conditio\n, and geographical condition influences the efficiency

indows and openings design for efficient daylighting in a classroom.

he same sizes of windows with different height of its location in the wall influences
the distribution of daylight to the deepest part of the classroom, such as using a large or
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high positioned windows and clerestory windows (Barret & Zhang, 2009). The higher
position of windows and openings in a classroom seems to be efficient to diVBle
daylight (Barret & Zhang, 2009; Christoffersen, et al., 2016). Excluding @or of

glare, window design for classrooms should be low sill, wide and hig on on the
wall to maximize daylight intake (EFM, 2010). Suggested that glare i&ciassroom can
be reduced by providing two different directions of dayli Wequipped with

adjustable shading devices or bilateral fenestration (Barret ang, 20?9; EFM, 2010).

Results from research by Fadzil & Sheau-Jiunn (2004) that th um bay of
| ]
windows with the least sunlight penetration was @ at 0o, fwh 3,0@% and
330° were the other few options (Nedhal, et al., 4 \,T
\ <
Design configuration and layout of the class inf uamc e dazg t performance

of the classroom significantly, where%w c% de(‘e& n causes daylight

disparity from the difference of iiaﬂ \c%va Weaﬁhe area nearer to the
W

q
S ( t & Zha 009). The intensity of the

3=

windows and farther from ths%

illuminance level can bE infwgd byfther '05\ as (EFM, 2010):
lumi

’

s
I. Natuw nalt' \cL gn :mé(é)%ensions of windows and openings
& \N? NI
ii. %ﬁtion of t assr cﬁn; (sizes, finishes, materials, etc.) — the
‘P (&
%}v itiori)ft interi vironment
% ’ 4 é
i

!ii. Building typolo%y_)\—, ngle-story, low rise or high rise building
\

\?iv. Climatic conditions and context

v.  Height of ceiling — single or double volume, etc.

D
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Another study on illuminance level and visual performance of the student in the Middle

East clarified that shows there are three issues regarding daylighting in clasvws

which are (Al-Sallal, 2010): q

i.  the contrast of luminance between task surfaces, ‘

ii.  brightness from too much light source from the win and

\Y%
\d

L 4 \Yw
Adequate distance between blackboards to the lo at should oAsi.dé’r@d due
? 4

iii.  the daylight distribution is not uniform.

to the surface of the blackboards influences t inance | of theclassroom.
an\ e

Although colours and materials of the clﬁs S finﬁpes influen e illuminance

level, it is the least considered com (EFM, 2 : TI@fore, colours and

materials of the interior finishes a C!'}msidﬁ\sbhi

? @ “ QL

2.4.2 Regulations, Standards uideli ayljgglﬁl'ng Design
N S

{
The classroom wt somepointstarted tobe redesigned into a smaller room

in asingle buildir@nallel nhrs of s&nts in each classroom. This created a

concern for dach ina ‘cla m aajﬁr_]g designers and architects (Robson, 1874).

/

4

The refine@' schoql design rul architects such as Hamlin in the 1910s and
1920s effort{o re eéi\ent use of light and space. The standards were
Y

cr ed on the assumptf&cﬁ"of desks and chairs sat in stationary rows (Weisser,

aker, 2012):

0 I.  The light came from the left side, and slightly in front; to prevent shadow

on desk
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ii.  Windows run the full length of only a single side of the room

iii.  Windows are 40-50 per cent of the area of the exterior wall, wglent

to 25 per cent of the floor area : :' ,

iv.  Width of the room does not exceed two times the ?ﬂelght of the

windows
v.  The window sill is three to three-and-a- @:ﬂle floor; to avoid
glare
| _\"}
vi.  Window ended six inches below the cei ing 2 X
NV

Y' \ <
Based on the daylight thumb rule (DTR)lcwe a fEYv components_that need to be

X
considered when designing a space, WM (Ibrahim ym@OOS):

vii.  Window width ani? epth at oneififth a@sne quarter ratio

%
&
viii.  Windows h@m TM @ndowwidth

{
iXx.  Window head hei ht ilif ight) to room depth ratio, where

m }roo depth s four @ve times the height of the window
N (.z&
¢

i
X. ow to floo R "r%vindow to window wall (WWR) area ratio,
%khere,twow a@ls approximately one tenth of the square of the

. s room depth 0}3.
N B
‘%ad height of windows on both side is commonly considered in daylighting study

Gmhart & Weissman, 2012). Window head height is the distance from the floor to the

cs

top of the window glazing (ASHRAE, 2013; Ghafari, et al, 2018). Various DTR
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recommends that the depth of the space should be 1.5 to 2.5 times more than the window
head height (O’Conner et al., 1997; Cofaigh et al., 1999; Reinhart, 2005; Bian A
2017). Hence, the most commonly referred daylight penetration depth and @head
height ratio for daylighting studies is 1.5 to 2.5. (Reinhart & LoVerso, ZGN research
shows that increasing the window head height and reducing the vmv sill height

resulted in lower daylight uniformity and intensity (Ahmad & %WOlS).
Suggested by Hamlin in 1910, the window sill height b@h?han three

and a half feet, approximately one meter, from the floor level due t I\‘ghqﬁ-om
o | &
below window sill height is redundant (Baker; 2). The working pla'r}e height
? 4

recommended to measure the illuminance level iRsp'a W mto Q?fmm height
(GBI, 2009), which is the height of a @%b indow ﬁ%\GuidelineS in

Virginia recommends that the height ono sill'i assroom should be 762mm

height to define the task and iIIUEE:atian I%vs%im@:ommonly a study on

(7}
daylighting evaluates the iIIumiK level | e at ZA&%egt (750mm) working plane

height (Subramaniam, Olswmavi, et al. 1@«3 minimum height of window
[
eni

sill for windows with op s or % iﬂiaw; at 6 feet above the ground level of

the exterior wall i Mes d)O m )fronkzl;%interior floor level (IRC, 2016). Thus,

A
this research GMS the illum }de I@&l«at various working plane height in various
window si@; classfooms. &
totp
Y-

Winﬂo all ratio (WWR) c@;}vnonly related to thermal comfort, where it limits the
N

g Nrea but still provides adequate view to the outdoor. The range identified for

efficient WWR was between 20 per cent to 30 per cent, although other researches limits
e

range between 15 per cent to 25 per cent. Window to floor ratio (WFR) in the other

hand is the most referred rule in identifying the minimum glazing area for habitable
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rooms (Ibrahim & Hayman, 2005). Described in a research that WFR has been referred
in school design for efficient daylighting since 1910s by Waldram and Prrcewl!ve
WEFR implemented was 1/5 or 20 per cent for rooms with openings onIy 0 e of

the room (Wu & Ng, 2003). Therefore, this study also uses WFR to iderﬂ%e window

design for efficient daylighting in Islamic religious schools. R

Reform efforts by Perkins in 1925 and a few others establi ne of the earliest

detailed guidelines for lighting, air quality, sanitation,_fi @?e footage
per pupil (Weisser, 2006). WFR is related to windows ¢ frgjatio ahkypace

which influences the daylight performance of t ce (Zom

Efficient daylighting involves the height ratio foor

which influences the WFR, including thcswd to e‘\xlu

illuminance level in a classroom (EFM ).

Section 39(3) of the Uniform q@ay Law ( )s that any space or room

that serves as education andmrng ave \Q'g(%ws and openings at least
minimum 20 per cen% floor 1 ea ndtra@i natural lighting and natural
ventilation, with op ble 1 \m‘;t SS thaﬁ}é per cent from the floor area for an
uninterrupted n r rro ‘@ ZOlé'\QA daylighting study on a public school

with 20 per R i po ﬂayija hows that without outside obstruction and
1

h of th\.'f:Iassroom,

the dayhght factor and

human dayl ight to gnte the@assroom the average illuminance level is within

acce ta e range as recomn‘:e |n standards and guidelines (Mathalamuthu &
I M 2014). Although, a research in the same location shows that only 25 per cent
ofspublic schools received acceptable illuminance level in the classrooms
Qathalamuthu, et al., 2018). A research also shows that the rule of thumb for WFR
based on standards and guidelines can be reformulated or modified to suit the design
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beyond the usual standards and guidelines (Ibrahim, et al., 2019). WFR of a classroom

in Malaysia ranged from 15 per cent to 20 per cent is adequate for acc?ble

illuminance level, especially in a small classroom with windows c\north

(Mirrahimi & lbrahim, 2013; Husini, et al., 2017). However, classroorne&depth too

large unable to receive uniformly distributed daylight even though RWFR exceeds

the recommended 20 per cent (Al-Sallal, 2010). Therefore, th ms selected for
oA

this research should be a public school standard design th FR'between 15 per

cent to 20 per cent as suggested. ‘\d
: ‘z'

General teaching space for reading and writing t quwes certain umma}#ce level

?om\ ded |s@3’t004for
m argificial li % ng requires not

with high illuminance uniformity ratio, where th ange

side-lit classrooms. However, a classroowed

less than 0.8 illuminance unlformlty d Limitin re _{Q of 19 (Loe et al.,
1999). Acceptable illuminance level rec en%yt nd &and guidelines is based
on the comfortability of visu ing any specif task t require a certain amount

of light such as writing EE W fors’ude eaS@development (MS1525, 2014).

Standards and gwdelmes su w aﬂngéomety of North America (IESNA)

handbook have b ed @cts a daﬁsngners alike to identify the maximum
and minim 0 ndI (fc) le Is In ific areas of space appropriate for a certain
task. The als yﬁ th ges of illuminance levels for various specific
tasks r. n variou peefflc spgces Learning spaces requires an average of 300 Ix
to O&Ilummance level (lﬁtaura 2011). The Indoor Lighting Standard, SFS-EN

%1 2011 also recommends the illuminance level for the classroom should be 300

oThe recommended average illuminance level usually referred to for minimizing

energy consumption (DiLaura, 2011; UBBL, 2013).

65



A similar range of average illuminance is recommended for learning spaces, where the
common reading tasks include reading pencil writing, printed material, poor arw
duplicated materials. A bright interior surface such as walls, ceilings, and fl@ance
the visual of the space (Zumtobel, 2018), which influences the readin erformed
as well. Table 2.1 shows the recommended illuminance level for Specific learning
spaces. European standards mentioned that the classrooms' ceilingssand walls should
have illuminance levels ranged between 30 Ix to 50 Ix an y:?i Ix respectively.
The illuminance level for walls should be at least 175 Ix t ieve igWemotional

‘\Yw

perception according to EN12464. I .f)

4
\ \./‘Z~
Table 2.1: Illuminance Level Basea,on Space WMumtob Y€18)

Space Type / Task Lighting keVel Range (Ix)
Classroom, tutorial rooms K3000‘
Classrooms, evening classe SQ
Lecture halls C‘) >\v T 500
Art rooms
7]

Art rooms in art scho&% A(S: 750
Black, green wallbgards I ~ 500

Whiteboards 500
Technical dra%) ms "Dj“' 0’ 750
Laboratorieg \ C}V 500

The Phili plkin th?Svl.Jt@}is As@gion recommends a lower average illuminance

4

Ieve| fo!ea ing spaces at 215 Lg&so Ix (EFM, 2010), maybe due to its geographical
\

I N The manual also explains that specific tasks require a more detailed level of

I inance, where each manual's recommendation differs, such as the minimum

Qminaﬁon level is 10 fc (108 Ix) instead of 30 fc (323 Ix) in certain situations and

regarding the tasks. The recommended average illuminance level for the general
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background of learning spaces in Malaysia is 300 Ix to 500 Ix (OSHA, 1996; MS1525,

2014). Illuminance level recommended in the Public Works Department )

Technical Guide refers to Malaysia Standard 1525 (MS1525) of 300 Ix @4 for

learning spaces.

Table 2.2: Standards and Guidelines Recommended Lx Level ( aheq;, etal., 2018)

Standards and Malaysia rs
Guidelines OSHA MS1525 JKR ZUM OB?‘ EFM  IESNA
General Teaching 300 300 15 300

Space 300 500 500 . g\S’Od 500
Library 288 300 I ¥ ® 3@0
4 v

S
&
Table 2.2 shows the recommended average iIIum%nce I \h‘e:;gener feaching space

t

in Malaysia and other standards and guicﬁ%ya Qia, al., 2@&8 . The common

average illuminance level recomme om)et n3 to i&Dlx with exception
S o i

ds wer illuminance level

Education Facilities Manual (E ich, fecom
“« Q-
range between 215 Ix to 430 IXSi rly sta Werﬁaﬁs{recommended illuminance
N
level of 300 Ix is requirgd in %ssroom# for tir s@ts’ performance (Husini, et al.,
18).

2017; Arabi, et al., 20 seas% alrc{f-&/(gcts also refer to the recommended

daylight factor (M 43 r‘cen r var'“E}tasks (Lim, 2014), where the general

N
range for acc@ Da Iig%}o! iilg[fer cent to 3.5 per cent (MS1525, 2014).
| S ﬁﬁ‘

However Q!search wil u e average illuminance level of the learning

' 4
spaces‘at orking plane tf;ig,@'

\
2%. \slamic Religious Schools and Education

Q Islamic education hafazan requires only a small space such as a platform to sit,

a small table for the Quran and certain madrasah uses ancient Egyptian stylus as a
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pointer. Michael Stanton stated that a similar small table is used in Madrasah
Nizahamiyah during the Seljuq dynasty, where the scholars recite and the studw
and listen to the Quran recitation in the learning space (Fuady, 2015). Fua@nues

with a citation from Nekosteen (1996) stating that even though Islami ion is the

core importance in the knowledge field during the 10th century of thegSeljug dynasty,

political turmoil has made the education institution such as madrasal to be separated
K’s dllectly translated

from the core Islamic institution such as the mosque. Ma

from the Arabic word which means any type of educatio

| S
2.5.1 Islamic Religious Schools in Malaysia -
s b 4§

,@szc:\ adapts the

Ulul albab education such as hafaza cation. Studen tra@nal pondok learn

hafazan differently, where the teacl%t the cen\}&tu em—é\"semi-circular seating

arrangement as the focal poim%arrangeme dlo@ual opportunity for the

students in the classroom I?L t with'the teacher. arx, et al., 1999). However,

Malaysia in the early % ury ap gyigbv@madrasah teaching system, thus
&

method of hafazan ha cirl: gah) i-circular seating arrangement with

A traditional Islamic school in Malw;no

QD
w
>
o
o
=

the teacher at t% in i 'throue‘-l'}%r/eading and listening (Talaqqi) were no
¢
i %J 5) TI{e icr?[ of a traditional rehal is between 220mm to

longer practice long, 20
N
280mm% S approXi sly Clgi&) the required clearance for maintenance or work

eigﬂAZOOmm for squattin@eufert, et al., 2012) and similarly for a crossed-leg

position (Adler, 2007) as shown in figure 2.14. The clearance height of 300mm

U ated is based on human anthropometrics, ergonomics, and comfortability.
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— 1580 i

1220

aqa

203

Figure 2.14: Clearance Height for Crossed-leg Mainte ft) 1nd Squatting
(right). (Adler, 2007; Neufert, e il .\d

L 4 \Y-
| &
Tunku Abdul Rahman Putra Al-Haj as the prime ister du‘;in theflaun ‘Xg of the

national mosque in 1966 established a Tahfiz %tituti \BBSQ on tge@éa concept
coined by Sheikh al-Azhar Sheikh Mah@ut. &%ool gnoe defined as a
I

regular standardized government curric sehoo

t@\q‘gertion of Islamic

subjects and moral pedagogy, Whi%e; |S|&?%FS an@es of conduct are being
t

q <{-
inserted systematically betWt\ he ¢ asks:éﬁd activities in the school.

N
(Hassan, et al., 2015). Similasly, in Ind‘nesia a ' a@esamren is a school associated
with Islamic education, ch % e and the exploration of science
knowledge (Mub@ al. £018 A Ta f%school in Malaysia implemented the

hafazan lear%\ou out fl!ly,bg!zre the teachers recorded the students’
performaanhree si;r fa@,‘élass session per day (Abdullah & Maksom,
2016). %Iamic‘r'el iougch/Ws in Malaysia requires the students to do hafazan
beh@ ne hour to four an% half hours every day, where the students have to

ize the whole Quran between two to five years (Bakar & Yusoff, 2016; Hadi &

@if, 2016; Mohamad, 2016). A research in various Islamic religious schools shows



that the daily learning schedules for students was adequate and sufficient for hafazan

education and learning (Abdullah et al., 2005). Y~

There are two types of Islamic religious secondary school in Malay: ,:'chh are
Islamic National Secondary Schools and Islamic Governmentsaided Secondary
Schools. Establishment of Sekolah Menengah Kebangsaan % (SMKA) or

Islamic National Secondary Schools started in 1977 d rin%'acquisition of 11

Religious and State Religious Schools by the Minis
SMKAs in Malaysia. The idea to establish SMKA was inspi jirNi
N )| &S
Mohammed Mohyideen bin Haji Wan Musa, r of the Ministry of‘ﬁellglous
(SAI}%NN Islamic

bas ﬁ:the concepts

underthe state power and

i uesct)’q&play minor roles in

Affairs at that time (MoEM, 2019). Sekolmm

Government-aided Secondary Schools in@,&a is_.man

translated by respective governing states to I%OS
[

legislation. However, the feder oarnrg

7]
safeguarding SAR's efforts i& lishin ligtous iél%(m-)ls (Siren, et al., 2018).

Various public and bOfrdWOols in I'ysis'g also integrated Ulul Albab

education in students’ daily ami% e{C(ﬁ@)qi, 2016).

\&Qy o{:ﬁducation Malaysia (MoEM) stated that
!

secondary publie*sehool wi‘ll i ld'mec%@lul albab pedagogy such as Quran hafazan

%v ? N . ) )
(MoEM% TheJd ut ‘Pr me@‘nister during that time also stated that Islamic
duc

reliﬁ ation should be i@gawented in all public schools. The focus on Tahfiz
N
Nab Module increased in recent years, with an increment of parents enrolling
it ch

A General Circular m t

t ildren in schools that implements the module (Utusan Online, 2019). An
interview with Dr. Mohd Kamal from Jabatan Agama Islam Selangor (JAIS) stated that

his increased demand is due to the belief and confidence of the community towards this
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institution, especially its contribution not only from academic perspectives but also
from the aspect of spirituality and personality (Siren, et al., 2018). The dem r
Islamic religious schools in Malaysia increased from 1999 to 2011 as muc(%bm 58
institutions to 278 institutions (Bani, at al., 2014). In the year betweeR& to 2017,

new religious schools increased more than 900 in Malaysia (The Stralq imes, 2017).

g

2.5.2 Method of Quran Memorization (Hafazan) Y*

There are two types of memory retention, which aréslong and ;T’ML‘M‘ memory

retention. Hafazan is memorization as defined by the ologist. T ‘ra_&qafazan
process such as recitation of the verses involve em% n bnabmctivities
(Fadhilah & Ashaari, 2015). Methods used W an i (Iisté;gama " (recite
together), Wahdah (read one by one) a hh (write). da ((he most preferred

method by students due to it eas% hafazarhoc?ss. 'ﬁdah and Sama’i is a
": y N
6

commonly used method for h arning i day@hwanuddin & Hashim,

ere a@mon hafazan method during

-
ila ?éth‘bbJsed by Gabriel (Jibril) to teach

o

2014). Two of the method, %an
5)

the Seljuqg dynasty (F

Prophet Muhamm &% reve'a

Prophet Muhammad's oral a
n'\ .

et al., 2018 drasah usu

, d

&
uIaimé-QOM). Teaching hafazan based on

i ?ist %fsic Quran learning method (Jamaluddin,
da{ts @ymi’ method, where the teacher evaluates the

3
studentsf recitation, writi ?r bot@dividually (Abdullah, et al., 2003).

N
s@ methods for hafazﬁre Tahriri (write), Syafawi (recite) and Tasmi’ (check
%morization). The study on these methods shows that each method of learning
le highly influences the students’ learning performance for hafazan (Abdullah, et al.,

2003). Syafawi method is widely and commonly adapted in hafazan learning process,

71



where Tahriri is seldom used (Hashim, 2015). Early Islamic scholars learned hafazan
by writing the verses, memorize and rewrite the verses again, similarly like Wi
method. They then had a teacher to check the writings, not the recitation (@h, et
al., 2003), similarly like Tasmi’ method. This method is also agreed @&y various
Tahfiz institution in Malaysia. However, Tahfiz students disagree with this type of
method, thus prefers a method where the students learn to recite the verses fluently and
correctly first before attempting to memorize it (Abdullah, .,12005), similarly with

Muraja’ah method.

‘ ‘2‘
Muraja’ah is a more systematic method used, w e student are Adéréd»to read
certain sentences of a verse repeatedly thro ut t |r day, l@fovmg the

students’ long-term memory retention (/C%J . In aglstan Panipati

method also similarly focuses on a rem of eve throu@ut the day, where

later the teacher checks the stud foﬂ ¢ @Ariffi “,e}al 2014; Dzulkifli &
im

Solihu, 2018). Other than the

method,.so eoth stt common methods used

{

o& Ilﬂ{hfgt Solihu, 2018). Othman method is

another method t to slevera techn@& such as Ten Time Khatm, Chi (new

A
memorlzatlon, Pls IS lPls@S&,/ Tekrar, Tekrar Hepsi Seyfa, and Has.
Studentsa ed to om?et Tﬁ%e Khatm as a prerequisite requirement before

advan:n enext te nlq‘ﬁe (AV‘ffm et al., 2014; 2015). This supports a finding by

Arabia and one method

in Tahfiz schools in Malaysi e Debban etg'd} method originated from Saudi
:roalnd

\,
in & Hashim (201\4~) that the most widely preferred hafazan method is

Ith
% However, there is also a study that shows rewriting the Quran verses in Arabic

Gngthen the students’ memory retention (Abdullah & Maksom, 2016), where method
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such as Tasmi’ and rewriting the verses shows a significant efficiency in students’

hafazan performance (Abdullah et al., 2016). T
2.6 Design Science Research 3 : ,

Design Science Research (DSR), or constructive research (Dr?!t al., 2015a;
2015b) disciplines seen by Van Aken (2005) as a quest to gath derstanding on

human performance such as students' performance awz it. ‘Although this is

comparable to explanatory science, DSR is more pr tic in its process similar to

| ]
exploratory science research. Venable (2006a) me ed that! the st' couﬁaent
=\
ot

Theory Building refers to utility theories or Q<E es that are @ precursor to the
or

\ N
ssible ppr@n o reduce the

iss %s the core idea of

=

ent of improvement

N
within an existing solution. T i i i valuation through three

S
& A

Acrtifieialy, Evaluation is one .@’ﬁe components required to evaluate the Solution

Te?\ogy Invention through virtual or non-real time evaluations such as computer

Q lations, lab tests, and field experiments. The other component is Naturalistic
valuation, which evaluates and explores the Solution Technology Invention through
real-time and environment evaluations such as case studies, surveys, ethnography and
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action research (Venable, 2006b). Research methods based on design science paradigms
such as design science research can increase the relevance of a study (Dreschw'n,

2015D).

1999 after er, 1991 (Venablg52006a)

Figure 2.15: Design Science Res%'hjra emadted m Venable and Travis,

Hevner, et al., (2004) also \dt t y mai‘@upose is to achieve knowledge

and understanding ab issue byji sig (}a{rt t application, which can be seen

&
as the window sil Mt for'A andwriting tasks in this research. Thus, this
research mixed%o is a
’ S
itati of&ejtechnology invention or design for suitable
windov\% ght and log ﬁluation through field studies or measurements,

expd&ts, and the compute@erated simulations.

There are three basic design mixed methods, which are (Creswell, 2013):

0 i.  Convergent Design — convergence of both qualitative and quantitative

results

r.om @%n Science Research, which leans more
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ii.  Explanatory Design — qualitative data explains the quantitative results

iii.  Exploratory Design — quantitative results generalize the qa\ll tive
findings 3: ,

This study refers to Exploratory Design, where the acceptable iIIuWe level and

window sill height as the quantitative result generalizes the studen sual and Arabic
handwriting performance as the qualitative findings. There, is"a few mixed method
approach for data collection such as (Creswell, 2016; ell & Creswell§2017):

| ]

&
Questionnaire survey - Sampl presentati 01' the “ study
4 X

.
population, where statistical anaww be ; La@ﬂwumber of

studies uses samples betw Mnd 5

ii.  Qualitative intervie :%st

ﬁTS n,tékyiews until saturation
point reached, where themes or_c ego@o longer appear

q
&

iii.  Focus group? st l\lo ar wit to 12 participants per group

[

until sa%w point '; ach w&e\'}no new interesting information

?
\ %(_}
N
This study ad@que tionnai ?Jrv data collection method, where the samples

are to re %sla}ni religi sséh%'él students in Malaysia. Based on Between-
PersormiDe (BPD) etho';, @opulation sampling size in different situations or
&
i0

S N should be random s%pling, where 30 or more respondents are randomly
%d. This means that different individuals selected are exposed to different settings
0 the space such as a classroom, since that individuals are genuinely different.

However, the randomly selected should be in similar group of age, sex, education,

7
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health, type of work or any other criteria (Hygge & Lofberg, 1999; Creswell, 2012).
This study refers to population sampling for each session of 24 students due

retraction of classroom floor area based on GBRP standards, where the to@%mling

size is 192 students. A
2.7 Summary \;

All the literature reviewed shows that the student's?fo%anci and acceptable

illuminance level in a classroom are highly related. only aWincreased

performance, but the health of the students as well, al h this will n bf ({\ idered
in this research. This research only focuses the“daylight effect’ on t\h/?‘%tudents'
performance. Various daylight and studer@asw e surig@p‘%cedure has
been reviewed in this chapter. The @weasure ill é‘adapted from the

illuminance grid spot-measurement grocedure, \e{rgst {k performance will be

evaluated using a daylighting a@ptioﬁ‘ questi nair@ith Detailed Assessment
Speed Handwriting (DASH C%Besl/ n. TI'(bopy Best evaluation is based

/

on Balsam Alabdulka% BAL) eye rtlth@%” be modified to follow Jaeger
4 2

chart and Colenbrander chart f \ %(f}'

NI

This chapter %Ewew th.et I opalajﬁjazan learning method including classroom

(@]

4
nt, éﬂng position, working plane height of the

layout an@ ts’ afran

traditi ehal and fﬂe S sed@lod for learning hafazan. The review shows that
N

tra y students Iearning‘hcé?azan sits on the floor with a small table or rehal with

ing clearance of 300mm height. The most common method used to learn hafazan

Ontified is through reading and writing. Thus, this research uses a small table or rehal

to identify the students’ Arabic handwriting performance for hafazan based on provided
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Arabic language eye chart. Figure 2.16 shows the relationship between the components

of the literature review.

Sacred and First Revelation,
important... ="~ - TTT 1 fistword.. (T T TTTT
d Islam : 1 READ! |
N —— - - ——— - —
If"" """ " Main focus - classrooms...
! Daylight/ : .............................................................................................
| Lighting 1
V- : TR ————
FTTTTTEES ) ! Reading and
important... ;  Educational 1 1 ..
- space ——  Writing Task
]
R et ’ I Performance
_____________
improves...
Sufficient daylight N
Traditionally... g e ice...
—————— ———— ]
| Semi-circular Sitting | | » Q'
emi-circular >ittin,
i 8 — e N
i Arrangement ! i rni
provides... | —— - l\ ____________ __k_
Acceptable Measured at... endllof Thesis.
llluminance Level e . gleErperimERits. g e e e e B e ..‘
Wall-to-Floor 1 Win Nd Opening |
strategy... Ratio (WFR) i
E : ‘ sign at 300mm i
Windowsand | varisbles.. | 91 1 or Classrooms :
Openings Design i Location ] \1— ——————— -

Figure 2.16: The

Some many standards and guidelineﬁaj beenin ?d i{s\tablished in the world,

such as OSHA, MS1525, JKR, l@l, I—!‘M an EGNA@is chapter also discussed
NS
I's Is a

the historical aspect of bot Isl religious schools, including

Malaysia. The layout % ools'i. ludi %‘lﬂwﬁlighting consideration based on

the window and c;@desigp
typical height w r th
e ofst

\tspment classrooms were also included. The

"y

S Si between 750mm to 900mm. Based on

-

Wdow-to-Floor Ratio for learning spaces is
N

betwee@ cent {0 cent;which will be kept constant for this research. The

idenh'Agacceptable iIIumina@vel for learning spaces is between 300 Ix to 500 Ix.

‘@!r, this variable shall not be kept constant to identify the acceptable illuminance
vel f

various res st

D

& or students' Arabic handwriting performance. The next chapter will discuss the
esearch methodology, where the procedure of the experiments based on the literature
review will be established.
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