CHAPTER 4

RESULTS, DISCUSSION AND ANALYSIS
4.1 Introduction

This chapter discusses the results and findings of the %& experiments.

There were three different experiments conducted in the resear three experiments

had a different setup such as a table with different working\p heidht and different

window sill height, where the total respondents for this res

experiments. This chapter explains the results a

tionnaire,

for the three experiments, which were iIIuminz&'!vel

will based on field

and students’ Arabic handwriting perforrcwe dfs?us i

measurement on illuminance level, statis nalysis on

of the students' performance base i .cﬁeresults and findings of

the experiments will define th ter to simulate classroom

different window sill heightYmc [

4.2 Field Measurement;

Each ex‘p%t con lin tre::esearch consists of separate sessions in
a ce le

inance levels.

¢ C!)
ve\ r each session were measured and recorded

separate classrooms. IHlumi
using Iu%t) S Iocareqjcz‘rid gement of the classroom. Referring to objective

oneAAeasured |Ilum|nance~@el in Experiment One, Two and Three was to identify

the}@e of acceptable illuminance level for students’ optimum Arabic handwriting

Qﬂ ormance for learning hafazan measured at the working plane of 900mm and 300mm
eight. The students were required to occupy the classrooms during the illuminance
level measurement process due to the fluctuation of the illuminance level.
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The reliability of the lux meters was tested using Statistical Package for Social Sciences
(SPSS) through regression analysis. All three lux meter were exposed under adwﬂne
incandescent lamp light at different illuminance level. The actual iIIuminar@l was
50 Ix, 100 Ix, 150 Ix, 200 Ix, 500 Ix and 900 Ix. llluminance level mea y each of
the lux meter were recorded for the SPSS regression analysis, wheers that the
R-value of the regression were 1.000 (100%). This shows that the elation between
actual illuminance level and illuminance level measured Y;:rlwere very high.

The R? value of 0.999 shows that the total variation in illumi arw measured

“AS
by the lux meters explained by the actual illuminanc | at a very.| rg} @tage

of 99 per cent. 4 b
XN

ok Mg

O

Table 4.1: Regression M Nm
M ummary®
By

R*Square
R R Squay Sq ,(\Change
1.000° 0.9 " o> 0999
a:

Calibration of the lux metex}stattis ed to iden the absolute error value. The
percentage of errors fo%

error was 12 per @er cqnt per centrespectively. According to Gutierrez-
Martinez (2017)nthe diurh% Ferr@alue is approximately, where the absolute
¢

&
SS 2‘, ure 4.1, where the mean absolute

errorvaluthh X meter use 'n{h@earch was 11 per cent. The value was slightly
lower t% mediﬁnvAZe, V\@ explained that the lux meter used were with
medésolute error. \c'}/
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1000
Actual llluminance Level (lux) Mean
Error (%)

900 Lux Meter llluminance Reading 50 100 150 200 500 900

Lux Level (Ix) 63 107 135 | 218 | 583 892

800 Lux Meter 1 12 g :
Error (%) 26 | 7 10 9 17 1 f\\

700 Lux Level (k) 64 105 132 232 566 950 -

Lux Meter 2 13
Error (%) 28 | 5 12 16 13 6 \
600
Lux Level (Ix) | 58 | 114 | 156 | 199 | 512 | 951 *
Lux Meter 3 7
500 Error (%) 16 14 4 05 2 6
Lux Meter Absolute ERROR (%): 11 v
400 ‘
Lux Meter Illuminance Level _ \ A
300 - =11%
Reading Absolute Error V
200 h_
= ‘ ‘ R'value = 1.000
100 R Square = 0.999

-

o]
50 lux 100 lux 150 lux 200 lux ux w

=e—Luxmeter 1 =—e=—Luxmeter2 —e—luxmeter

Figure 4.1: Lux Meter Absolute Er

4.2.1 Experiment One 2 \

Experiment One had been condN identify the,accept illuminance level

. . o
for hafazan task learning perform , Which a ggﬂtlng. There were three

@

sessions in this experiment tK re cow t@m One, Two and Three

respectively. The window Ym’ght of the ted rooms was at 900mm, while
{

and working plane hei% Iso atJO Omim heightas shown in figure 4.2.

O
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Figure 4.2: mnt(‘oﬂrcw&m/é&up

q %
The classroom layout for Sess\ to Mwitr&hﬂows and openings on both
N
sides of the classroom, hew)ﬁl of r’oth s e‘Wi d@s WEFR was 20 per cent based
tand;d

on the recommended s i

S a% eﬁé}@p floor area of the classrooms was

approximately 60@1 eat ol 24 students on the ratio of 2.5m? per student. The

N
illuminance s@h&sur ment, e}dge i inance level and uniformity ratio for the
[ e
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Figure 4.3: Experiment One Average I@nce L
The average illuminance level in the first Session as 280 Ix, w erf the;;éz\;vest
illuminance point measurement was 231 Ix. T mity rdti essmﬁ'One was

\ﬂ TW%%.WS that the
Ievé‘neasured was 145

q a}&t&of the classroom was

N
lower than recommended in JK@rds The thi essie@éverage illuminance level

was 446 Ix, while the lowest |h~1an S 20%\ The uniformity ratio was at

average illuminance level was 340 Ix @st illu

IX. The uniformity ratio was 0.4, whi makest '*t

a low value of 0.4. Uniformit i0 fo all t sbs as lower by 0.1, which can be

b'FdQ ight rﬁl‘(ratlon in the classroom. One side of

T_

improved by adjustlw amo
each classroom@a lo
that created (%ng

ratio. F%, shov,s at ‘gs IOHéVVO and Three achieve recommended illuminance
e

Ievem Ne

300 Ix to 500 Ix. tT_?wever the average illuminance level in Session One
:Ner than the recommendatlon of 300 Ix.

nance@vel due to the corridor of the floor above

D
@D
(]
—+
[l

Iedb('r'\b the illuminance level and the uniformity
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Average llluminance Level

g

446 lux

e
ol
=}

8

340 lux

w
)
=}

&

280 lux

Average llluminance Level (Lux)
~
[*a)
o

g

150

M Session 1 M Session 2 l:e&

Figure 4.4: Experiment One AveraWn'

Session One average illuminance level ylx

recommended illuminance level of 300

300 Ix, while Session Three was (

illuminance level. In theory,‘&

compared to sessions t& aWe du{

average illuminance level fo eacl‘% ﬁt ossed referenced with the students’

performance in f hcussitn. Experime e shows that the recommended range

A
of illuminanc Wet een 3 to EQ§U< can be achieved at 900mm table working
plane hei lassrgom with 90 window sill height, in which the range was

s
betwefw to 4501 pp(

44 Xperiment Two

3

oXi ly.

&

0 Experiment Two had been established to identify the illuminance level range at

300mm working plane height in classrooms with 900mm window sill height. There
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were four sessions in Experiment Two that were conducted in Classroom Four and Five.
The window sill and working plane height for Experiment Two were differentw

were 300mm height and 900mm height respectively as shown in figure 4. E"}

A
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Y1 'EQ:
i
=
2
[}
<
L . . .
% = Point of illuminance
o 28 measurement at 300mm
= =&
> 2N
o £
= N
° -
[
=
2
[e]
e
£
2
2
jo)]
E 3 £
o £ £ .
2 = =
S o
Eo 2
£ 9 € c
5 £ e
&% s
m O

re 45{E eriment wlassroom Setup
%

The classroom I&K r Sess ? to F@was with windows and openings on both
sides of th C?vm alhof Zk@y cent WFR. The floor area of the classrooms
was ap er 60‘ weat students based on the ratio of 2.5m? per student.
llected in ExperlmsﬁpT wo was established to identify the illuminance level
300mm working plane height in classrooms with 900mm window sill height.

average illuminance level of each session was recorded as shown in figure 4.6.

141



Session 01 Session 02

f \@
5 o !
N
52X Vg, > o W X
AN '\q\'@ 24§ % X
Y A < WD RO ® TN
,,g{) NS S % D X
4 N 2.9 3 %
O Ly 3
/ ‘\(ﬂ; @5‘?: / Qr,z_';b v tgg?
'\@-\ \ \ e o Agh * X
< A Lo
; € ci;\‘} X ¥ 75
% £ O¢ Y S
%, - o % Ve R, & v‘é
) S /* X ] 0. N et g
-~7" vl p ‘
% o X 5
/ B / K & v
v
& » X
v $
A
Average llluminance Level Average llluminance Level
530 Lux 603 Lux
Session 03 Session 04
AR T T
_« >
. b |
B N N x
” Q
v A S DNt > 3
% Y 'i\ @
S % of
L . )
o A ? o Q
& 2 W 4 S YNE
& AT £ <%
% N ¥ - %Q & X ,’? : A “*
< Pt < s
; L { ¢
) o \> » o
I, s o . ? %J; X » &
8y AP A P Y L S
" A b X " .
7 , v > 2 !
|“
Average llluminance Level Average llluminance Level
507 Lux 494 Lux

Figure 4.6: Went’w% v‘rage@minance Level

l Q
The average iIIuminan%l fore\ ession was 530 Ix, 603 Ix, 507 Ix and 494 Ix

for each session r Mly. 'Iihe lowest illum\ihance level in Session One was 365 IXx,

which makes Mor 'typ}; an a@g;fable value of 0.7, even though the average
h

4
iIIuminan'Qe_L as highef rec&nmended in standards and guidelines. Session
Two | \wuminaﬁ‘c vel wa Ix with the uniformity value of 0.4, which was
A 3
er recommended vaIuN('%ssion Three lowest illuminance level was 241 Ix with

IOV\
éble uniformity ratio value of 0.5, while Session Four lowest illuminance level

03 218 Ix with uniformity ratio at 0.4. Experiment Two results show that slightly
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higher than recommended illuminance level measured at 300mm working plane height

gives acceptable uniformity ratio values. T

Session One and Two was conducted at the same time on the first da@ession
Three and Four was conducted the next day. Illuminance level recorded in Session One
and Two shows that the first day had a higher global illuminanc ejg; the second
day, where spot illuminance measurement of sessions in the fw exceeds 1000 Ix,

while sessions in the second day were lower than 1000 u

~

the recommended Ievi-l of 300

.7Kw?e average
illuminance level for comparison between the sessiongn Experiment Twe. eSiO\n@ne,
Two and Three achieve higher illuminance IeveI% 7

Ix to 500 Ix. The session One, two and three a&g’ il n IeveI@ére 530 Ix,

603 Ix, and 507 Ix respectively. However N '?I\Jm' ce Izz in session four

494 |ux

Average llluminance Level (Lux)

W Session 1l MSession2 M Session3 Session 4

Figure 4.7: Experiment Two Average Illuminance Level Graph
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Session One illuminance level exceeds 30 Ix (6%) from the maximum recommendation
of 500 Ix. The illuminance level in Session Two was 103 Ix (20.6%) higher than .
Session Three was only 7 Ix (1.4%) higher than 500 Ix, while Session Fou%\nly 6
Ix (1.2%) lower than 500 Ix. In theory, the students’ performance in four will
have the highest score compared to sessions two and three due to sufficient illuminance

level. However, the average illuminance level for each QIM was crossed

The difference of average illuminance level measured between x.pe\q

referenced with the students’ performance in further discu

Two in similar classrooms with 900mm window eight can be T

? 4
by the difference of working plane height, wm M istrib@ﬁ at lower
working plane height caused the averag€ i nance lev increase. Proven that

e&@wee had average

classrooms with 900mm window sill i ht%

illuminance level higher than rec eaiednw%’as reqig%;OOmm working plane
q
e%el recorded at 303§vg?-working plane height in
. . : i N .
classrooms with 900m WWSI” ight 're g%average of 20 per cent higher
than recommended valueis b,stan ards ul‘d{@es.
N | %(J
4.2.3 Experirth e (50
!
¢ ? C.)

identify the illuminance level range for similar

x@mtThr purpose w
4
i height a Wi‘ﬁdo I height of 300mm. Four sessions in Experiment

worki
N
NN
va conducted in Classroom Tasmi’ One and Two. The classroom set up for

Q%ﬂent Three was as shown in figure 4.8.

height. The average illumin

m

ko
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Figure 4.8: E tTh@bﬁsboﬁ@up
0 |
The classroom layout for Ses e to Four wasiwith ows and openings only on
one side of the classroom w per ct Th dow WFR was controlled by

S
using a solid material % mountjng boards (;Q; Inds to keep it at 20 per cent. The

floor area of the \wms s 9 WhIC cordlng to GRBP ratio of 2.5m? per

student can ac odat th'r ehtsc'_)o

’o

300 ing plane helght

(..-)

ﬁﬁglllummance level of each session was recorded as shown in figure 4.9.

S

145

The datty per tT was to identify the illuminance level range at

lassrooms with 300mm window sill height. The



Session 1 Session 2

& b
13
& b
& A Q& 3 % .
& G " 4 >
i R ) N & %, @f >
N e « ) ‘ | ,‘a( \
e N 25§ 23 W " 1
w & & 7 4 ; o \9@/ N J’ -3
AP A ZAN 4 /¢ WG % 4
« N B & y )
M ERCNO r4 # ' 000 /‘( % &
N3, (e o) ¥ KN
< N9, A L¥gr 0 &
< S & NI A T 7\
‘3‘%\ 4 \ " .:. ¥
&\« 2 5 N\ 2
y ‘% .r A
L
¥ -
Average llluminance Level Average llluminance Level
Bay 1: 899 lux; Bay 2: 1599 lux Bay 3: 607 lux; Bay 4: 597 lux
[ Y—
Session 3 ‘ Session 4 .
"y 4 \ )
& i
&/ A : s
i & #
& %
< % - ¢ N é‘? 7. . \/
‘ 00 g i v‘b’\ £
5 W s > ¢
‘?’f‘v SA ;o"' 4 uh / Yy /"'\ %, 2 Rl
! ) 3 %Iv X Y oo A . J‘ : . ey
7, g y &,
$ P @, ® (5
X 00 = Jo # L ‘?& & / < > d‘? g
\¢’o % ¢ NS { ‘:’ (/4 NN/ o
\ L R S %
N q’o i < ® SN ’% -4 ;
"’; : X ¥ )
% & < (3
2 N\° % 5\ e N
=y
y v’
Average llluminance Level Average llluminance Level
Bay 1: 921 lux; Bay 2: 1227 lux Bay 3: 757 lux; Bay 4: 596 lux

. v e ~7 -
Figure 4.9; E’Jenm{ Aﬂlcm;ge Illuminance Level
Session One and@!re o‘1duct ont e day and same time, similarly with

N

Session Thre@k’&ur. The avi ahg& illuminance level for each bays in Session One

and Two \@D X, 1599 Ix; 607 | \5,16 597 Ix respectively. Session Three and Four
'3 é
ﬁ‘d W

avera nance levels were &Ea.‘lx, 1227 Ix, 757 Ix and 596 Ix for each respective
% o

the average iIIuminEhce levels were higher than recommended 300 IX. Thus,

ba&
%formance of the students would be low in theory. This result was due to the

Otance of the measured point to the windows was only 1 meter apart, closer than as

recommended 2 meter.
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The uniformity ratio for Session One was 0.3 and 0.1, which was very low. Session

Two uniformity ratio was also low, which were at 0.3 and 0.4. Session Three SY!VA

=

low uniformity ratio for each bay at 0.4 and 0.25. The uniformity ratio in % Fou
also showed a low value of 0.3 and 0.25. The low uniformity ratio \*or all the
sessions can be seen as influenced by the one sided window Iocation,m most of the
lowest illuminance point measurement in each bays were Io%~ the windowless

corner of the classrooms.

Average lllumin Level { A
P 4 X
1800 ‘-—T "D.' >
ux V
1600 - L 4 \\\ & v:
1400 g\)v) {
1200 \v
K lux
5 1000 —_
£ 300 )
¥ o 7y 596 lux
¥ 600
400
200
0 =
oo 2o
| Sessicﬁy 1 li \OHQ.'\ ay 2 | @ion 2; Bay 3 m Session 2; Bay 4
H Se 3; Bay 1 ¥ SessiongB; Bay ssion 4; Bay 3 W Session 4; Bay 4
~

Figure 4,10: Experi ’Thr%geﬁragellluminance Level Graph

The result 4.10/shows that t (déylighting for each bays was consistent within
s

the tﬁ%of the e er'ﬂ%er{BBay One received an average illuminance level

apw ely between 900 IX%ZO Ix from both days. Bay Two received the highest

illuminance level for the two days of the experiment. The average illuminance

Oel was between 1230 Ix to 1600 Ix respectively. Bay Three received a higher average

illuminance level of 757 Ix on the second day compared to 607 Ix on the first day. Bay
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Four received the lowest and most constant average level of 597 Ix and 596 Ix for both

days respectively. Yv

Session One; Bay One and Two exceeds the maximum recommended iIISl:Haae level
WO;

of 500 Ix by 399 Ix (80%) and 1099 Ix (220%) respectively. Sessio ay Three
and Four exceeds the maximum recommended illuminance Ievdo\fi Ix by 107 Ix

(21.4%) and 97 Ix (19.4%) respectively. Session Three; Bay %d Two exceed the

maximum recommended illuminance level of 500 Ix 1 (Wd 727 Ix

145.4%) respectively. Session Four; Bay Three and Four exceed maximum
( ) resp y y \quu
&
X (

recommended illuminance level of 500 Ix by 51.4%) a 96’ Ix&(19.2%)
? 4

Y-
M work@'plane and

I ¢ red with the

respectively. Experiment Three shows that simWig
window sill at 300mm received higIﬁNﬂEin nc

recommended 300 Ix to 500 Ix. The averageypercentage

ml{ e levels exceeding

the recommendation was 80 per c 14@ Ix&.>’ N
&

&
4.2.4 Field MeasurementDihNon, Sis \A

(,3? 53
Experiment One shows that thé vj;ﬁ'&@inance level measured at a similar

900mm height o@w ill was betwe 0 Ix to 446 Ix. The lowest average

N
illuminance level su d.w%.}ber@gﬂt compared to the recommended value of

300 Ix, w ighe?u d ge illuminance level was 10.8 per cent lower

b 4
than 53 ommended. T
in t

\ﬁo of the three sessions received average illuminance level

)

recommended 300 k\to 500 Ix for learning tasks, which were Session Two

wi

%ree with 340 Ix and 446 Ix respectively.
Q

periment Two that measured the average illuminance level at 300mm working plane

height in a classroom with 900mm window sill height shows the range was between
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494 Ix to 603 Ix. The lowest average illuminance level was 1.4 per cent lower than the

recommended maximum of 500 Ix, while the highest was 20.6 per cent exce

'?

value. Only Session Four received average illuminance between 300 Ix to \/hlch
was 494 Ix. This shows that the illuminance level measured at 300mnﬂ&ng height
in the classroom with 900mm window sill height exceeds the re(Rm.ended range
between 300 Ix to 500 Ix. Thus, it was not advisable for classrooms With a window sill
height of 900mm to be used for hafazan learning task th ?3-

OTm height rehal

working plane.

Experiment Three shows the highest average |Il®ce level for“gach ses&on that
4’
' IeveI

ranged approximately between 600 Ix to 1600 Ix¥The ill measured

at 300mm working plane height in smallercl oms_with ow sill height.

ed foQa fazan learning, it

rméyr omd@h a 9m? area restricted
the 1-meter distance betweenﬁk sition %Jable the window. The highest
measure average illumi w was in Séssi n@ay Two, which 220 per cent

inan
[

exceeds the hlghest recommend t| OG'(J Meanwhile, the lowest measured

average illumina Ie excest 1 perc Session Four; Bay Four. This shows

a small classr m h n%l hblgmgat/300mm and window head height at 1.1m,

n was not suitable for hafazan learning tasks

such as th clas;;@
even t e WFR was a percent as recommended in standards and guidelines.
N
Q 9
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Figure 4.11 shows that the average illuminance asur.@ m WQXi'ng plane
Y.
ran i

height in Experiment One was in reco

Experiment Two shows that the average inance leve easur@t 300mm working
A
plane were higher. Both experi &?)/ere @}VF i Qessrooms with 900mm
0 e,
window sill height. The high@ average iliniin evel at 300mm working
&

plane height recorded was n?iwrime t Three rang@from approximately 600 Ix to
[

1600 Ix, where the clas% were 85 er }s@ and the window sill height were

300mm. This sho&h‘same I‘eig\r windé{ill and working plane of 900mm in a

standardised ¢ @sq) ayo gn ach_g ed the range of recommended average
¢
illumin vel by standards a

’
anc
"
with lo ing pla ight D@Jmm received higher average illuminance level.

d guidelines, where the same classroom layout design
Th\ that the measured{varage illuminance level and daylight distribution was
ed

in by the difference of working plane height in the classrooms. The distance of

d orking plane to the windows was also influencing the average illuminance level,
where Experiment Three shows that the distance less than 2m causes the average

illuminance level to increase significantly.
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4.3  Questionnaire Descriptive Statistic Analysis

Each experiment consists of questionnaires that evaluate tfﬁ\ents
perceptions of the daylight performance of the classrooms. Five scales H&Scale was
used for the questionnaire which consists of two sections, demographic and daylight
condition perception of the classrooms respectively. The data ected from the

zgis rsing Statistical

Package for the Social Sciences 25 (SPSS). The questionnair, luates the

®
students' perceptions of their Arabic handwriting per nce irys,ﬁ@v
? 4
4.3.1 SPSS Questionnaire Reliability Test Y' \ &
D

The objective of this questiom&w\t,o idenct\ e s@‘nts‘ perception of
the daylight condition and their Ar@jandw@;eﬁor a@e A Five scale Likert
Scale was developed for this r%ased'bn th tudegz%‘?\pace visual environment

perceptions by Hirning (20 BJIOLT . O7)§¥rell et al. (2014), brightness
k rt (2013)

level of the space by t9 & Bod a@aylight environment by Bian &
's ¢ &

Luo (2017). Respo % perCf \s.n he Sg&bf the windows was based on Doulos
et al. (2007) questionnaire. 'tion\&’ s reliability to use in the research was
@ 2 L)

questionnaire was evaluated through descriptive statistic

evaluated in eliabilit

b 4
£ ¥

Wy,
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Figure 4.12: Questionnai ree%&/ \T

Principal Component Analysis (PCA) r s ghe d

components. Figure 4.12 exhibit tN onents that” achieve” more than 1.5

ez{-ﬁ\% 1 (Yong & Pearce,

Eigenvalue, where will be kept du its’ Value

0
2013). This explains that ther wo [seliablercdmp, ts to be analysed in the
questionnaire which wer ition Perception and Task

Performance Perceptio% |ver 2 4-90'
@

A\ 'I:QLIe - Cor Qﬁ)n Matrix

Factor 1-Daylight Perception Factor 2-Performance Perception
Correlation Room Size of  Amount of read eye chart rewrite eye chart
Brightness  Window Daylight clearly clearly
Room Brightness 1.000
Size of Window 0.383 1.000
Amount of Daylight 0.642 0.439 1.000
read eye chart 1.000
rewrite eye chart 0.695 1.000
clearly
N Communality 0.794 0.575 0.772 0.836 0.868

Extraction Method: Principal Component Analysis.

\ Rotation Method: Varimax with Kaizer Normalization.
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There was a total of five Likert Scale questions with five scale constructed for the
experiment. Table 4.2 shows the questionnaire correlation matrix. Each questinwm
each component had a correlation value lower than 1. Thus, each questio not
highly correlated with each other. The communalities for every‘%,ion were
acceptable with values higher than the low-value range of 0.0 to 0. Child (2006)

recommends removing items or variables that had a commonalitiwof less than 0.2.

Table 4.3: Rotated Component Matrix? and Cr "SAlp a‘
A , ‘ . \Y'
Component Ca)
e 1S

Amount of Daylight 0.878 N
Room Brightness 0.772 Q\T
Size of Window 0.756
read eye chart clearly 0.925 )
rewrite eye chart clearly 0.899
Eigenvalue (% Variance) 44802 32.087
Eigenvalue Cumulative 44 802 76.889

0.732 0.813
Cronbach's Alpha

0.674

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaizer Normalization.
\ T\’ @)

The Rotated Comp tM foreach q@stion was higher than the trivial value of

0.3 or 0.4. ige alﬁe

approxi%k? pe?th e \@}nce from the data collected. Cronbach's Alpha
6

v

valum was within a reliable,range of 0.6 to 7.0. This reliability test was based on
N

!
edtifié')wo underlying components that explain

t Nh version of the questionnaire that was used for the experiment based on the
6' tical analysis.
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4.3.2 Experiment One

Experiment One consists of three sessions that evaluates the stude ight

perception and condition while sitting in each classroom using a 900mm h ght orking

plane table and window sill. There was no missing data from all 24 reTnts for each
t

session with the total number of respondents in Experiment On udents. The

function Frequencies was used in the SPSS analysis t ev&ate the respondents’

questionnaire answers such as the mean, median, and d devi |c!n

' 9
o\
g
Y-

The demographic section of the questlo&lre cons two \Y \Bles which

Demography I

were Gender and Age of the responden er en (n524) of t questlonnalre
answered were valid as shown in tableélx O
i

Table 4.4: Experiment %e%mogr scrlpﬁw Statistical Analysis

Variables Frequency (N} ‘F M |an(M} \ SandardDewatlcn(SD] Variance (52}

AN

ﬂ—h
=g en m ™ N - ™ o - N on
s of s 5 A B s 5 s s 5 5
Valid 24 T T . | w 7 'm‘ﬁ_ ,P m @ ] T 7 7
[ ' 4 g g O ‘f? g 4 4 g i i &
wl 2] Wl vl m‘ 1] Wl vl Wy Wl wl wl W

N v" )
o~ L »

V| i
Gender of Male 'Q‘le lso \sq\ 50 \;;'5 .

Respondents Female ‘NL . vlz \‘50 _j' 50 ‘tﬁ“ 0.51 0.51 0.51 0.26 0.26 1.26
N -\ 7 AV
12y/o, o 2 L0 \Q:-ap ko
:E:p(:ndents 13\(L“" 21 o O ‘Q' 875 hﬂr 14 13 13 0.00 035 028 000 012  0.08
12 Fir g 83
Q &
Standar‘(r |on O‘Da/ ce Q&ender in all three sessions were SD=0.51 and
82: pectively due to th@nder for all sessions was 50 per cent male (n=12) and

SO;E ent female (n=12) as shown in figure 4.13.
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Students’ Gender
60.0 A\ w

50.0
40.0
30.0

20.0

Percentage (%)

10.0

0.0

Session 2

Session 1

B Male WF

Figure 4.13: Experiement One Studen

The age of respondents for Experiment

per cent (n=24) of the responde ESSI S ars old. Session Two
respondents aged 12 years oI .3 pe nt ( 23, ars old was 87.5 per cent
(n=22) and 14 years old wa er c11t (n=1) Ses;@'Three respondents were 91.7

Qe descriptive analysis of students’

per cent (n=22) 13 year d 8.3 per centi(ns l‘/

age was as shown 4.1 \
RV
L1
)\
S
S
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Students’ Age

120.0
100.0
80.0
60.0

40.0

Percentage {%)

20.0

Session 1 Sessi

12 W13

Figure 4.14: Experiment One Stude

The mean age of respondents for Sess on%ys

and Three was M=13. Since all of t resp de
the standard deviation and var%
deviation for Session Two a e WN
$2=0.13 and S?=0.08 respect Iy Lj : §
ﬁ) e
J NN o

Daylight Condition \ptl
i’v

ThIS al.] sectio c hS| three questions, which were the students'

perceptlo rightness of the rodm, the size of the windows and the amount of

daylig W classroo T‘e toQI"valld respondent for each session in Experiment

Or% 0 per cent (n=24) &own in table 4.5.
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Table 4.5: Experiment One Daylight Condition Perception Descriptive Statistical

Analysis
. . . . read eye chart  rewrite eye chart
Room brightness  Size of Window amount of daylight Y Y
clearly clearly
Statistic — o~ ™ — 3V ™ - o~ ™ — 3V ™ - o~ ™
c c c o c c c c c o c c c c c
S 6 ©6 &6 & &6 & & © © © © © S 9
2] 2] [2] [2] [] [2] [2] 2] (2] [2] [2] [2] [2] 2] (2]
[%] %] (%] [%] [%] [%] [%] %] [%] [%] [%] [%] %] %] [%]
Q Q () Q Q [} Q Q (5] () [} Q Q () ()
(%) %) n n n n (%) n n n n n %) n n
N Valid 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24
Median 2.00 3.00 250 200 250 200 200 3.00 3.00 500 400 400 4.00 4.00 4.00
Mode 2 3 2 2 3 2 2 3 3 5 4 4 4 4 4
Std. Deviation 0.654 0.929 0.924 0.637 0.721 0.702 0.933 0.761 0.806 0.717 0.654 0.721 0.850 0.741 0.690
Variance 0.428 0.862 0.853 0.406 0.520 0.493 0.870 0.580 0.650 0.514 0.428 0.520 0.723 0.549 0.476

]

rWstionnaire
X

etween_-1¥to 1. The
.\/R"

The statistics show that the range of standard deviati SD)

variables in each session was between 0.637 to 0.933!

variable in each session was within the positi?}_ in%
h variablg i

Mode value shows the scale of answers forw bﬁ in‘each sess@:\r
e )

Table 4.6: Experiment One Rogm Brig tna's\\f)e&c?ptl Qétatistical Analysis

Room Frequency Valid Percent

brightness Session1 Session2 Session3 Sessionl Session2 Session 3
Too dim 0 2 2 0 8.3 8.3
Dim 16 4 10 66.7 16.7 41.7
Neutral 6 13 7 25.0 54.2 29.2
Bright 2 4 5 8.3 16.7 20.8

Too Bright 1 0 0 4.2 0

0
NS X7
Table 4.6 shoe}Mes iptive il}sisﬁgrfhe first variable in the first component of
the questio%ﬁwhich as the stud perception of the brightness of the room. The
4
scale r. w m’

om 1=too’dint, Zz\d/RfT, 3=neutral or normal, 4=bright and 5=too bright.

Students Tn Session One resul& ow that 66.7 per cent (n=16) perceive the room was

per cent (n=6) answered neutral and 8.3 per cent (n=2) agreed that it was bright.

0 per cent (n=2) students in Session Two answered the room was too dim, 16.7 per

cent (n=4) answered dim, the highest of 54.2 per cent (n=13) were neutral, 16.7 per cent
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(n=4) was bright and only 4.2 per cent (n=1) perceive the room too bright. Session Three
shows that 8.3 per cent (n=2) of the students perceive the room too dim, thevm

percentage of 41.7 per cent (n=10) showcase that the room was dim, 29.2 p@nﬂ)

answered neutral and 20.8 per cent (n=5) answered brightly. ‘\

Brightness of Classroom
70.0 &!\v '
60.0 \ ’ L,
®
50.0 &\ o ' e
g ’ -\
g 00 SD=0.654 SBeo929 & 5D=01924
) Mode=2 = M= 2
S 300 e
(9]
o
a 200
10.0
0.0 - [ Yy
Session 1 } ﬁession Zy (a} Session 3
“« Q-
HToo im ®mN | Brig <(lToo Bright
Figure 4.15: Expen ne Students Bri@ess Perception Graph

i b
Figure 4.15 shows the w t expLal SS p% ghtness perception. The students'
perception in Sesw and Thre\s that lassroom was 2=dim with SD=0.654
tl

and SD=0.924 W Y, is sh@ that glare was not interfering with their
¢
visual co (.QNeve , thi

sf@(g?that students experienced visual discomfort
due to igient o?r daylig istribution and uniformity ratio. Session Two
stu&rception was 3:neu@, or normal with SD=0.929, which explained that the
a of daylight, daylight distribution and uniformity ratio was sufficient for their

q al comfort, even though the uniformity ratio value was low as 0.4. This result will
e referenced to each average illuminance level respectively in further discussion.
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Table 4.7:

Experiment One Size of Window Descriptive Statistical Analysis

Size of Frequency Valid Percent
Window Session1l Session2 Session3 Sessionl Session2 Session 3 }
Too small 7 2 4 29.2 8.3 16.7
Small 14 10 12 58.3 417 50.0
Neutral 3 11 8 125 45.8 333
Big 0 1 0 0 4.2 0
Too Big 0 0 0 0 0 0
4

The descriptive analysis for the second variable in t
students' perception of the window size of the ¢
Scale range of 1=too small, 2=small, 3= neutral 0

used for this variable. Students in Session One

perceive the window size was too small, S@ent 314

Yv

stionnaire whigh was the
in table2.7.
S

rmal, 4=big and 5=t ig was
‘, g Q?. g

om was as sho

NV
sults 29. per cent (n=7)
swe e window was

WiQrmal 8.3 per cent

small and 12.5 per cent (n=3) agreed tha \A? . 8.
(n=2) students in Session Two an che&ﬂ%l e V\@}too small, 41.7 per cent

(n=10) answered the Window

of 4 er cent (n=11) were neutral

blg Session Three shows that
th€

ow size was too small, the highest

the window size was small, and 33.3
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Size of Window in Classroom
70.0 A\ w

60.0 & \‘

50.0
S
; 40.0
o0 SD=0.637 SD=0.721 SD=0.702
8 Mode=2 Mode=3 Mode= 2
c 30.0
@
e
@
o 20.0
10.0
0.0 =
Session 1 Session 2 (’}z
EToosmall mSmall ®Norm Big ljo V“'.
ption*Graph

Figure 4.16: Experiment One Students’ Wn&%
N {\T

Figure 4.16 shows the graph that exp ta students' cept@of the size of the

=\
windows in the classroom. The st erce XS o,(Qne and Three was that
- - ﬁ -
the window size was 2=small =0.637 and.SD=0. @fespectlvely, even though
the WFR for the classro Experiment ne 20 per cent based on the
recommended standar% uideli r, essmn Two students' perception
was 3=neutral OQ‘I Wlt|" S . 21, means that the window size was
suitable to pro the stude lfal é@ort The students’ perception correlated
¢
between W zes ightne ss@the classroom, where both Session One and

Three i at the"b qpss ow due to the small window size. Session Two

N

d a significant corr n, where the both students’ perception on brightness

indow size was normal.
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Table 4.8: Experiment One Amount of Daylight Descriptive Statistical Analysis

amount of Frequency Valid Percent

daylight Session1 Session2 Session3 Sessionl Session2 Session 3
Too low 2 0 1 8.3 0 4.2
Low 13 9 9 54.2 375 375
Neutral 4 10 10 16.7 417 41.7
High 5 5 4 20.8 20.8 16.7
Too high 0 0 0 0 0

4
The third variable was the students' perception of the oqt of daylight in the

classroom with the questionnaire scale range of 1=too =low, 3=peutraléor normal,

.
4=high and 5=too high. Students in Session One resulis shows that 8. ef ce =2)
-~

perceive the amount of daylight was too low, highes centage 5 perg?nt(n=13)
NV

answered the amount of daylight was low, 16.7 cent

daylight was normal and 20.8 per ce@ reed
high. 37.5 per cent (n=9) students in Sessio wered e.amount of daylight was
é?n NS
low, 41.7 per cent (n=10) answere alpand 20.8 per @(I’I:@ selected that the
q
ion Thr S tha&ﬁ‘(y 4.2 per cent (n=1) of the

student perceive the anent gdaylighlwas o,lo@S per cent (n=9) showcase that
t wa

oW, ‘; cerﬁ 0) answered normal and 16.7 per

the amount of daylim\
cent (n=4) answ e mou@lighk high.

(’}/. :l%(.z

elected_ the amount of

amount of daylight was

amount of daylight was high.
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Amount of Daylight in Classroom

N
S

50.0

3 40.0

u 30,0 $D=0.933 SD=0.761 $D=0.806
*E ) Mode=2 Mode=3 Mode= 3
Q

Q

o 20.0 [

o

10.0 k
: v )
0.0 2 X ° Yv
Session 1 Sessio* I Sess! ni C—}
HToolow m®Low m Norma ‘Q,gh H Too High ’

Figure 4.17: Experiment One Students’ A fD gh ceptibn/braph
e
tiorlg the amount of

Figure 4.17 shows the graph that explai Nudents pe

daylight in the classroom. The studentw tion in Session On@as that the amount

of daylight was 2=low with SD-&@ whi \ge @h both brightness and
% (] )
(]

window size perceptions. Ses& gp@n amount of daylight was
also correlated with brigh?mnd ind ize ,@the classroom, where it was

Y

students' perc

{
perceived as 3=neutral al wit‘b D= .]SJCQ wever, students in Session Three

perceived that the Mof daflig\heir L{oom was 3=normal with the standard
N

deviation of S wﬁ even th he p&)@p

_ _ ’ _ _
both 2:d|r@s' all. This ue e visual comfort experienced by the students,
where Wrmit ratioof0.4 sﬁad to be sufficient for students in Session Three.
T

S

tions on brightness and window size were

:? rformance Perception
0 Table 4.9 shows the descriptive analysis for the first variable in the second

component of the questionnaire which was the students’ perception on the reading task
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performance in the classroom. The scale ranged from 1=very disagree, 2=disagree,

3=neutral or normal, 4=agree and 5=very agree. Y'

Table 4.9: Experiment One Read Eye Chart Clearly Descriptive Statistieal Analysis

read eye chart Frequency Valid Percent

clearly Sessionl Session2 Session3 Sessionl Session2 Session 3
very disagree 0 0 0 0 0 0
disagree 0 0 0 0 0 0
neutral 3 4 4 12.5 16.7 16.7
agree 8 14 11 33.3 58.3 45.8
very agree 13 6 9 54.2 25.0 375

| &
Students in Session One results show that 12.5{% (rFBJW neut@.\n their
. s
reading task performance, 33.3 per cent (n=8) ans Nree $The highest

percentage of 54.2 per cent (n=13) agr@ ca 1d provided BAL eye chart
in Sessi O

clearly. 16.7 per cent (n=4) student io WT re&eutral, 58.3 per cent
5,1 A
(n=14) answered agree and 25 per ? =6)pvery agree. Se@n Three shows that 16.7
ed n

“« Q-
eutr higm%bercentage of 45.8 per cent
N
(n=11) answered agree and % per cew ?n@j very agree.
: ) 's

’
&

per cent (n=4) of the students
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Can Read the Eye Chart Clearly

70.0

ey
60.0 f&‘
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3 $D=0.717 $D=0.654
gJﬂ Mode=5 Mode=4
@ 400
et
o
Q
et
o 300
o

20.0
10.0 I
0.0

Session 1

Figure 4.18: Experiment One Studentc k Perception Graph

s&d@s’ hafazan reading

Figure 4.18 shows the graph that explains ﬁrs&ria

task perception. The students' per ;IOE>I’1 Sgs%e as

17}
they can read the BAL eye c&%arly Mdar& iation of SD=0.717, even
though the students perEeiVWIassfom 'ig t@\s and daylight amount was dim

and low. Session Two students' pk' s &@ 4=agree with SD=0.654 that they

can read the BA& hart l:lear eve@ugh the students’ perception on the
N
classroom’s bc%s d%h’ﬂaw were normal. Students in Session Three

also 4zag@ Session Two aﬁ/ can perform the hafazan reading task with a
s
0.

stand iation of S 'él, vaEre correlated with the students’ perception on the

ﬁ'they 5=very agree that

briw of the classroom. ﬁ?perceptions result also shows that even though the

%oms’ brightness was dim, the students still can still read the BAL eye chart

Qarly. This shows that the daylight condition of the classroom based on brightness and
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daylight amount should be restudied for students’ visual comfort. This result will be
referenced to each average illuminance level respectively in further discussion. T
Table 4.10: Experiment One Write Eye Chart Clearly Descriptive Sta Analysis
Frequency Valid Percent

rewrite eye
chartclearly  Sessionl Session2 Session3 Sessionl Session2 Session 3

very disagree 0 0 0 0 0 0

disagree 1 1 0 4.2 4.2 0

neutral 4 5 5 16.7 20.8 20.8

agree 10 14 13 41.7 58.3 54.2

very agree 9 4 375 16.7 25.0
| &

Table 4.10 shows the descriptive analysis for econd % |ab in @second

Y/

\pe(eptlogl ofthe Arabic

component of the questionnaire which was thef stude

handwriting performance. Students in Se@}ge r

(n=1) disagree that can rewrite the e ch c ea%

ly 4.2 per cent
h _kQG 7 per cent (n=5)
answered neutral, 41.7 per cent O nch per cent %) answered agree and
disagree respectively. Simila 0 4 2 pe (n= Aﬁ%agree that can rewrite the
)a raI 58.3 per cent (n=14) agree

eye chart clearly, with 20.8 p ent (n
and 16.7 per cent (n=4) ver re Sé's H?b ows that 16.7 per cent (n=4) of the

students answere t highest per@ﬁ} age of 20.8 per cent (n=5) answered

N
neutral, 54.2 ;E%t(n % }r’d r cent (n=6) answered very agree.

AN

3
N
S

+

.

Ky
R
N
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Can Write the Eye Chart Clearly
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__ 500
x 5D=0.850 SD=0.741
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B
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Figure 4.19: Experiment One Students’ fAr.

Figure 4.19 shows the graph that xpm

handwriting performance. The st%t;p' erﬁe‘%'
q

SD=0.850 that they can Wl’it& vide ye (&ﬁ' even though the students

\
perceived that they can a(WAL e;e chart e@rly. A correlation can be seen
%p :

due to the students’ perce that the rcﬁ@ﬁghtness and daylight amount were

dim and low, Wh@ sui elble f readi@ld less suitable for writing.
N
N Y (?(./
Session Tw a(@ree udent: e’ce(ti)o score was higher compared to Session One,
Y
where s% in both 4= ?e witk&):0.741 and SD=0.690 respectively. There was

sigq@ correlation betwee@ding and writing the BAL eye chart in both Session

XI Three, where it shows students’ perception were that the normal amount of

ask@:: eption Graph
erc r@n of their Arabic

ess@)n’SOne was 4=agree with
&

ayight was suitable for both reading and writing the BAL eye chart. This also shows
at the students’ visual comfort during reading and writing were acceptable based on

their perceptions.
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Experiment One Results and Findings

Table 4.11 show that the Daylight Condition for Experiment% ad a

correlation between brightness, amount of daylight and window ‘awhere The
students' perception of the daylight conditions was that the windowSyvere too small,
thus having low brightness and amount of daylight. Althougw students’ Task

Performance Perceptions shows that the daylight condit re suitable for their

Arabic reading and writing task performance. This sho at eve t”m@de students
| ]

perceived the classrooms had low brightness and @ light, We&%sl'still

perform the learning task clearly. \/‘T

nt of day
4
Table 4.11: Experimenyomesti\gmair esults

Component 1 - Daylight Condition Perception Component 2 - Task Performance

Experiment Brightness Size of Window in  Amount of Daylightin Can Read Eye Chart  Can Write Eye Chart
of Classroom Classroom Classroom Clearly Clearly
o Session 1 2=dim 2=small 2=low S=very agree 4=agree
< Session 2 3= neutral 3= neutral 3= neutral 4=agree 4=agree
=~ Session 3 2=dim 2=small 3= neutral 4=agree 4=agree

u Q7
N &

X

N
4.3.3 Experiment Tw ? ’ ' §

e WD
Experimewonw sessions’that evaluates the students' daylight
&
erception and ition whi ing in edchclassrooms using 300mm height workin
percep &q{ ) :q Cg:a*c g g g
plane tabl@amm@jjlo Wi@Q)N sill height. There was no missing data from
t

all 24 r S fo1r e gsio ith a total of 96 students.

O
S

D@hy

Q Experiment Two shows that 100 per cent (n=24) of the questionnaire answered
e

re valid as shown in table 4.12. The standard deviation in Experiment Two was

between -1 to 1.
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Table 4.12: Experiment Two Demographic Descriptive Statistical Analysis

Frequenc Standard Deviation
Variables d ¥ Percent (%) Median (M) Variance (S2)
(N) (SD)
— o (a2} < - o~ [a2} < - (o'} [32] < - o~ (a2} < — (o'} m <
§ § § § § § § 5§ § § § § § § § 5§ § § § §
Valid 24 7 S R B S G w w @ R B S - T
a 4 a2 4 a a3 3 3 8 a4 a3 a a a4 4 3 a a4 9 9
[ L L Q L Q L [ L [ [ [ L L L L [ [ L L
(%] wv wv wv wv wv wv %} (%] (%] (%] (%] wv wv wv wv (%] (%] wv wv
Male 0 24 0 24 0 100 0 100
f
Gender o 2 01 2 1 00 0 0 o0 0 0 O
Respondents
Female 24 0 24 O 100 0 100 0
12 y/o 0O 0 0 O 0 0 0 0
Age of
13y/o 23 14 22 18 95.8 58.3 91.7 75 13 13 13 13 02 05 03 04 004 03 01 0.2
Respondents

14y/o 110 2 6 42 417 83 25

The mean age of respondents for all of Experime@essi:)n

One standard deviation was SD=0.2, Session Qo W

SD=0.3 and SD=0.4 for Session Four. Va@s&r e
$2=0.1 and S?=0.2 respectively. \

e IENIAS
Standard deviation and varian%end@ in ur

ons were SD=0.00 and

$2=0.00 respectively, showin hther varia each session. This was due
to the respondents in each 2n WereLivid d iht@ and female as shown in figure
's ¢ &
4.20.

[o})
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Students’ Gender
120.0
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Figure 4.20: Experiment Two Studer?mde% e G@h

The age of respondents for Experiment Tc anged\b

D

shown in figure 4.21. 95.8 per cent (n= the respo nts m@ssmn One was 13

years old and only 4.2 per cent (n= . e s -Two respondents aged
13 years old was 58.3 per ce 4) and was 4&' per cent (n=10). Session
Three respondents were 9 n: 3 y@ old and 8.3 per cent (n=2).
Students in Session Fo rQ, per cent (n=18) and 25 per cent

\
(n=6) was 14 year k Q %
& &
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Students’ Age
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Figure 4.21: Experiment Two Stude

Daylight Condition %V

The total valid respondentf e hseSSI
0

. c;
(n=24) as shown in table 4.13. 4« Q
5

Table 4.13: Experin‘% Dayllg Co itio eption Descriptive Statistical
SIS ¢,

eri @q wo was 100 per cent

Statistic Room brightness Size of Window amount of daylight read eye chart clearly  rewrite eye chart clearly

- N [s2) < - o~ o < - ~ o < - ~ ™ < - N ™ <

= o o o o = = = = = = = = = = = = = = =

o o o i) © © © o o Re] Re] Re] Re] Re] o o 2 2 i) o

0 0 0 0 0 7] 7] 7] 7] 7] 7] 7] 7] 7] ] %] %] %] [ [

1% 1% 1% 1% 1% (0] (%] (%] (%] (%] (%] (%] (%] (%] (%] (%] %] (%] (%3 %3

jo jo jo jo) jo} jo} jo} )] o)) o)) o)) o)) o)) o)) o)) Q o)) Q [ [}

(%] (%] (%] (%] (%] (%] %] (%] %] %] %] %] %] %] %] %] (%] (%] %] %]
N Valid 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24
Median 3.00 3.00 3.00 3.00 200 200 2.00 2.00 3.00 200 3.00 2.00 4.00 4.00 4.00 4.00 3.00 4.00 4.00 4.00
Mode 3 2 3 3 2 2 g 2 3 2 3 2 4 4 4 4 3 4 4 4
Std. Deviation 064 075 0.68 0.72 0.68 061 0.74 059 0.71 090 058 0.59 0.83 0.83 0.69 0.64 0.93 1.01 0.83 0.72
Variance 041 056 0.46 0.51 046 037 054 035 051 081 033 035 0.69 069 048 0.41 0.87 1.01 0.69 051

a. Multiple modes exist. The smallest value is shown
| S

T atistics show that the %ge of standard deviation (SD) for the questionnaire
ables in all four sessions was between 0.58 to 1.01. Only the Read Eye Chart Clearly

iable was not within the SD positive domain value between -1 to 1.
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Table 4.14: Experiment Two Room Brightness Descriptive Statistical Analysis

Frequency Valid Percent

Room

brightness Session1 Session2 Session3 Session4 Sessionl Session2 Session3 Session 4
Too dim 0 0 0 1 0 0 0 4.2
Dim 10 11 7 10 41.7 45.8 29.2 41.7
Neutral 12 9 13 11 50.0 375 54.2 45.8
Bright 2 4 4 2 8.3 16.7 16.7 8.3
Too Bright 0 0 0 0 0 0 0 0
Table 4.14 was the descriptive analysis for the students’ perceptlo e brightness of

the room as the first variable in Experiment Two. Student Se¥c; One results show
that 41.7 per cent (n=10) sees the room as dim, half tud ntWanswered
neutral and 8.3 per cent (n=2) agreed that it Was%he highest v u<3 of @3. per

e wasgim, 37.5 pemgent (n=9)

\h( Ses?& hree shows

m, st percentage of

cent (n=11) students in Session Two answered th

u al.& 16.7 per cent (n=4)

&
=1) <ﬁgwered the room was too
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Brightness of Classroom
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Figure 4.22: Experiment Two Student

Figure 4.22 shows the graph that expliw

Experiment Two. The students' perceM ession O hr@d Four were that

the classrooms were 3=normal o(ﬁral With&‘ @:0.68 and SD=0.72
@
@\ [ @ness of the classroom as

respectively. This shows that t ts

acceptable and visually cor@e. Tlﬂ correlated Aw the uniformity ratio value,
where Session One an ere wi gjio'tggaange of 0.51t0 0.7, although only
Session Four Waw Ioweir a\t.\ In théh'er hand, even though the uniformity
ratio value in SQ@ 0 N

classroom %s .

me \@» Session Four, the students perceived the
experie light visdahdi o'mforﬁ_

K\
N
S

to b r{ @ SD=0.929, which caused the students to

(7]
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Table 4.15: Experiment Two Size of Window Descriptive Statistical Analysis

Size of Frequency Valid Percent

Window Session1l Session2 Session3 Session4 Sessionl Session2 Session3 Session 4 :
Too small 0 1 4 2 0 4.2 16.7 8.3
Small 7 17 10 15 29.2 70.8 417 62.5
Neutral 13 5 10 7 54.2 20.8 41.7 29.2
Big 4 1 0 0 16.7 4.2 0 0
Too Big 0 0 0 0 0 0 0

The descriptive analysis for the students' perception of wmdow&@‘ the classroom
was shown in table 4.15. Session One results show that Rcent (n=7) answered

the window size was small, 54.2 per cent (n=13) percei e win was'neutral or

normal and 16.7 per cent (n=4) agreed that the wind

@
size was big. y4.2a§5ent

(n=1) sees the window size was too small and big i

sion 1}N 7048 per cé}f(n 17)
and 20.8 per cent (n=5) answered the window waZmall \T&xmal r Y‘uvely.

Size om@dow %r Q\
80.0 \ = ﬂ 5 f
e 7}

60.0 i w
R 500
)
W 400 <
2 SD:C?.GB4 $b=0. 0. SD=0.74 5D=0.59
g 30.0 ode= g Mode Mode=2/3 Mode= 2
[}
* 200 O

\.J/
10.0
OE
Se!lo'u/: ésswn 2 Session 3 Session 4
ltook msmall  mneutral big mtoobig

E\gure 4.23: Experiment Two Students’ Size of Window Perception Graph

re 4.23 shows the graph for students' perception of the size of the windows in the
S

ssroom. The students in Session One and Three perceived the window size was

3=normal with SD=0.68 and SD=0.74 respectively, while the students in other session
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perceived the window size to be 2=small, where the Session Two was SD=0.61 and
Session Four was SD=0.59. The results show a correlation between students’ per:

on classroom brightness and size of window, where most of the students ;{rﬁs the
brightness of the classroom to be sufficient with the window size was at 20 per
cent WFR as recommended in standards and guidelines, except for Session Four. Thus,
factor of window size that influenced the students’

since that there was correlation between brightness and uniformity*atio, there was a
az pe

t]:eption on the

classroom’s daylight condition in Session Four. ‘\d
Ay

Table 4.16: Experiment Two Amount of Daylight sc[ipiﬂ/ Statfstical ‘);Kﬁalysis
amount of Frequency Valid Percent
daylight . . . . ) . . .

Sessionl Session2 Session3 Session4 Session1l Session2 Session3 Session 4

Too low 1 5 1 0 4.2 20.8 4.2 0
Low 9 14 7 13 375 58.3 29.2 54.2
Neutral 12 2 16 10 50.0 8.3 66.7 41.7
High 2 3 0 1 8.3 12.5 0 4.2
Too high 0 0 0 0 0 0 0 0

T LIS
Students in Session One resulMs I 2 peK'ebnt (n=1) perceive the amount

of daylight was too low, 37 r cent (h=9) nsw@e amount of daylight was low,

4 2

highest percentage WC nt i —\ﬁé\s ectedeéé‘émount of daylight was normal and

8.3 per cent (nzfgeed t ‘N@oun&:&.ﬁaylight was high. 20.8 per cent (n=5)
!

students in S% wo angw dethe acrﬁbunt of daylight was too low, 58.3 per cent

&
(n:14)% Iow‘-o ly : er (n=2) answered neutral and 12.5 per cent (n=3)
hat'th

seleﬂ e amount of da)@h was high. Session Three shows that only 4.2 per
N

C \Wl) of the student perceive the amount of daylight was too low, 29.2 per cent
) showcase that the amount of daylight was low and 66.7 per cent (n=16) answered

e amount of daylight was normal. The last session shows that more than half which
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was 54.2 per cent (n=13) answered low, 41.7 per cent (n=10) answered normal and only

4.2 per cent (n=1) answered the daylight was high.

Amount of Daylight in Classroom
80.0
70.0
60.0
¥ 500
= $D=0.71
%o 40.0 Mode=3
-
c
S 300
4]
(a'
20.0
10.0
0.0
Session 1 Session
Btoolow Mlow

a)ilg(%Perception Graph

\
tha@ amount of daylight was
&

3=normal with SD=0.71 aqu.Sl 'ver.% highly correlated with the
students’ perception o% ss and wind Jiz@where normal amount of daylight

' &
and normal brightnewthe c'a

as normal 20 per cent WFR window
sizes. The unifogmityratio f

The students' perception in Sessi

Figure 4.24: Experiment Two 5@

. %' N o .
dayllgh% ow with S ‘p am@D:O.SQ. It shows a correlation with the previous
win@ﬁze variable, where sru}?window size caused a low amount of daylight and

\
s in the classroom. The uniformity ratio for both sessions also showed to be
inefficient with 0.4 value. In theory, classroom for Session One and Three was suitable

r learning task at 300mm working plane height. However, these results will be

referenced with the measured average illuminance level in further discussion.
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Task Performance Perception

Table 4.17 shows the descriptive analysis for the second compﬂzirst
variable, which was the students’ perception of the reading task perfo& ncg in the

classroom. ‘

Table 4.17: Experiment Two Read Eye Chart Clearly Descripgi\Nstical Analysis

read eye chart Frequency Valid Percent

clearly Session1l Session2 Session3 Session4 Sessionl Session2 Session3 Session 4
very disagree 0 0 0 0 0 0 0 0
disagree 1 2 0 0 4.2 8.3 0 0
neutral 8 3 10 3 333 125 41.7 125
agree 10 14 11 14 41.7 58.3 45.8 58.3
very agree 5 5 3 7 20.8 20.8 12.5 29.2

‘ ‘. v
Students in Session One results shows that only"4.2 per M—l) dlsawee that they

can read the BAL eye chart clearly, 33.3 % (n= d nq&tr 1, 41.7 per cent

(n=14) answered agree and 20.8 per cent (N=5) VQLQ 8.3 _@Qent (n=2) students

in Session Two answered disag% 3.5 p‘e%’if& @%}vered neutral, highest

“« Q-
percentage 58.3 per cent (n:N{ ered esand Zg&'per cent (n=5) very agree.

) N
Session Three shows that Wr cent (n= )' og‘%students answered neutral, the
45.8

highest percentage of r ce% aﬁaﬁged agree and 12.5 per cent (n=3)
answered very a@sio ‘our ows t tudents answered 12.5 per cent (n=3)

N
neutral, 58.3 [eh‘(n 4);;1\!«?; jﬂd a%-(nﬂ) Very agree.

Rl
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Can Read the Eye Chart Clearly

NI

60.0 &

5 500 -~
Q 4
& 400 Av,
2 5D=0.83 $D=0.83 ‘
g Mode=4 Mode=4
& 300
o
20.0
10.0 I I I
0.0

Session 1 Session 2

M very disagree M disagree M neu

Figure 4.25: Experiment Two Students’sArab

Figure 4.25 shows the graph that expl@u
in Experiment Two. The students’ @tion in a\e&%n

)’.’ The
SD=0.83, SD=0.69 and SQ:OX ret
Session One and Thre the variablesiwé
' &
was also correlated Q’Qhe pr'e i iable Qjowever, Session Two and Four also
shows that the s@an A art clearly even though the perceptions
¢

!
of the previo%iabl werdllow. {hi@result will be referenced to each average

dents’ task perception

&‘S;that they 4= agree that

\
they can read the BAL eye arl nda@eviation was SD=0.83,

. Sinee%hat students’ perception in

=

e@cient and acceptable, this result

r

N
illumin I respectively,in fuaﬂiﬁ discussion to identify the relationship between

the Qns’ perceptions and tte}iévt;al task performance.
N

N
N

177



Table 4.18: Experiment Two Write Eye Chart Clearly Descriptive Statistical Analysis

rewrite eye Frequency Valid Percent
chart clearly - - - - - - - -
Session1l Session2 Session3 Session4 Session1l Session2 Session3 Session 4

very disagree 0 1 0 0 0 4.2 0 0
disagree 3 2 2 1 125 8.3 8.3 4.2
neutral 11 5 9 4 45.8 20.8 375 16.7
agree 6 12 10 15 25.0 50.0 41.7 62.5
very agree 4 4 3 4 16.7 16.7 12.5 16.7

N

Table 4.18 shows the descriptive analysis for the second ria& students' perception

of the Arabic handwriting performance. Students in Sessi ne res It shows that 12.5
per cent (n=3) disagree that they can rewrite the ey rt clearly!Mea i}lle 45$'per
cent (n=11) answered neutral, 25 per cent (n= 6) an 7 per c;nt n= answgned agree

and very agree respectively. Only 4.2 per cent ( ) ve ee, 8. cent (n=2)

answered disagree, 20.8 per cent (n:w\,éo p o(\,
s that

n=12).and 16.7 per cent

(n=4) very agree. Session Three sho 3 en =2) q&he students answered
disagree, 37.5 per cent (n=9) a r cenLZB'rlO) agree and 12.5 per
cent (n=3) answered very agr |nal S tudeﬁ§<<e(nswered 4.2 per cent (n=1)

disagree, 16.7 per cent t:4) utral, 6 J ept( %) agree and 16.7 per cent (n=4)

very agree.

Al
q:
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Can Write the Eye Chart Clearly

N

60.0 B

(! ,
50.0 A
5D=0.93 SD=1.01 SD=0.83 zD:D. 72
40.0 Mode=3 Mode=4 Mode=4 Mode=4

Percentage (%)

30.0 \y'
20.0 LY -
J X
10.0 B
I 1| L\"'
Session 1 Session 2 @)n‘é , , sion'4 *

M very disagree M disagree M neu

Figure 4.26: Students’ Arabic HW g
Figure 4.26 shows the graph that exp hariable 0 den@rception of their

ud‘e:\ts perceived that their

Arabic handwriting performa neutral with S@g%S where Session One

students’ perceptions on th%ana %&g al and neutral. Session Two,

ion W’g rsg'zv:,& .01, SD=0.83, and SD=0.72

respectively, Whl&ﬁsbettel'e \hough t her variables shows that the amount
e

of daylight, b ssand w
discussion keguired in identi
}sure%gt\BOOmm working plane height.

\/
Ex ime tTwo Results and F}!dings

Arabic handwriting performance nIy ss e

Three and Four studen

e of @’Iassrooms were inefficient. Thus, further

g’th(;ﬂ;ltlonshlp between these variables and the

averag nce %

QE Most of the sessions in Experiment Two shows correlations between the
ariables, where the students perceived the brightness of the classroom was normal due

to the perception that the classroom window size was normal. Meanwhile, the daylight
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amount was perceived both low and normal when the window size was both small and

normal, which shows a correlation between both variables. Since that most

students perceived that they agreed on clearly reading and writing the B@hart,

they can perform the learning task clearly in classrooms that had norma ness with

a low and normal amount of daylight.

Table 4.19: Experiment Two Questionnaire

Component 1 - Daylight Condition Perception Component 2 - Task Performance
Experiment Brightness Size of Window in  Amount of Daylightin Can Read Eye Chart  Can Write Eye Chart
of Classroom Classroom Classroom Clearly Clearly
Session 1 3= neutral 3= neutral 3= neutral 4=agree 3= neutral
‘;_‘ Session 2 2=dim 2=small 2=low 4=agree 4=agree
o Session 3 3= neutral 2=small, 3= neutral 3= neutral 4=agree 4=agree
Session 4 3= neutral 2=small 2=low 4=agree 4=agree

N 7 v
4.3.4 Experiment Three Yv \ VZ\'/

perception and condition while usin i oFKin r:lih@ table in each Tasmi’
bay classrooms with 300mm windowesi ight. a@nissing data from all 24
respondents for the total sessio <<élys.

Demography % 2 bj
100 per c =12) of.the q tion@nswered were valid as shown in table

4.20. Standar% ion ndv%ﬂ foﬁéﬁder in all four sessions were SD=0.00 and
$2=0.00 i Iy,“s w ﬂ that t was no variance in each session. This was due

i
. 4 Yore divided i
to the Sp ents in ea sessian Were divided into male and female group.

N S
N
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Table 4.20: Experiment Three Demographic Descriptive Statistical Analysis

. Frequenc Standard Deviation
Variables d v

Percent (%) Median (M) Variance (S2)
(N) (SD)

il o~ m < ial o~ o < - o~ (] < - o~ (] < - o~ o <t

c [ =4 [ =4 c [ =4 [ =4 c c c c c c c [ =4 c [ =4 c f =4 c c

. o o o (=} o o [=} (=} [=} [=} o o [=} o o o o o [=} o

Valid 12 T B Y 3 » ‘» 73 ‘@ ) 73 7] ] 73 ‘B 7] ‘B ] ‘» ) ]

S & & 9 k4] k4] 4] 4] S & ¢ 9 s & & 3 & 3 ¢ &

wv wv wv 1%} wv wv (%} 1%} (%} wv wv wv wv wv wv wv wv wv wv wv
Male 22 012 0 100 0 100 0

Gender of 12 1 2 00 0 o0 0 0o o0 o0
Respondents Female 012 012 0 100 0 100
12vy/o 2 01 0 33 0 167 0

Age of 13 13 13 13 052 0041 0O 027 0017 0

Respondents 13y/o 4 6 5 6 667 100 833 100 . ; . .

14y/0 00 0 0 0 0 0 0

~/

The mean age of respondents for all of Experiment Three re M=13. Session

One standard deviation was SD=0.52, Session Two W. !imil ly SD=0.

Session Three was SD=0.41 with variance for each session were S3=0.27S?=0, 3230.17
.S
\,‘2'
" nd

A

and S?=0 respectively.

S

120.0

100.0

Percentage (%)
a
o
o

4

ssion f i Session 3 Session 4
Male ™ Female
. ar';n =
e 4.27: peri em?hree Students’ Gender Percentage Graph
= 2
Th@ respondents for E)@'orlment Three was ranged between 12 to 13 years old.

§Ns aged 13 years old in Experiment Three were 66.7 per cent (n=4), 100 per cent

6), 83.3 per cent (n=5) and 100 per cent (n=6) for Session One, Two, Three and Four

respectively. Only Session One and Three had 33.3 per cent (n=2) and 16.7 per cent
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(n=1) students aged 12 years old. The mean age of respondents for each session was
M=13 years old since the majority of the respondents for Experiment Three vwﬂe

same age. The descriptive analysis of students' age was as shown in figure@

g

Students’ Age \'z

120.0
100.0
80.0
60.0

40.0

Percentage {%)

20.0

0.0

Session 1 $
Figure 4.28: Expew Three S

Daylight Condition i I
E.) &
\*Experikéﬂl Three was 100 per cent (n=24) as

The total wpon*n
shown in table % e sta w t@ﬁe SD for the questionnaire variables in
¢ (; %

each sessiopawere SD=0,00, .58600 and 1.15. This shows that the SD for every

N
variable% sessio ’/ithivr@ positive domain value. SD=0.00 shows that all
stum&swered the same q@n.

N
S
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Table 4.21: Experiment Three Daylight Condition Perception Descriptive Statistical

Analysis
Statistic Valid (N) Median Mode Des\;:t.ion Variance \i
_ Bay 1 Y R S v T
Sessionl L2 3 500 5 058 0.33.0
_ Bay 3 3 200 2 058 033%
Room Sessionz - pava 3 400 22 153 233
brightness _ Bay 1 3 3.00 0.58 0.33
Session3 a2 3 400 4 058 033
_ Bay 3 3 400 3 100  1.00
Sessiond paya 3 300 3 058 033
_ Bay 1 3 300 2 100 100
Sessionl L2 3 200 2 000 000
_ Bay 3 3 200 2 000 000 ®
Size of Session2 paya 3 200 2 058 033 Q}T
Window _ Bay 1 3 3.00 22 1.00 1.00 "\
Session3 a2 3 400 4 058 033 O
_ Bay 3 s 400 4 oss o0a:Y
Sessiond paya 3 200 2 115 133
_ Bay 1 3 300 3 000 000
Sessionl L2 3 400 4 058 033
‘ Bay 3 3 300 2 153 233
Amount of Session2  paya 3 500 5 058 033
daylight ‘ Bay 1 3 3.00 058 033
Session3 a2 3 400 4 000 000
‘ Bay 3 3 400 3 100 100
Sessiond L4 3 300 3 000 000
‘ Bay 1 3 500 5 000 000
Sessionl L2 3 500 5 058 033
‘ Bay 3 3 500 5 000 000
read eye Session2 - paya 3 400 4 058 033
chart clearly ‘ Bay 1 3  4.00 3? 1.00 1.00
Session3 L2 3 400 4 058 033
‘ Bay 3 3 5.00 058  0.33
4 Sessiond L4 3 400 4 000 000
Q ‘ Bay 1 3 500 5 058 033
Sessionl L2 3 400 3 100  1.00
A ‘ Bay 3 3 500 5 058 033
\ rewite eye Session2 b4 3 400 4 058 033
chart clearly Bay 1 3 3.00 3 1.15 1.33
% Sessiond a2 3 400 4 058 033
‘ Bay 3 3 500 5 058 033
Sessiond  paya 3 400 4 058 033

a. Multiple modes exist. The smallest value is shown
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Table 4.22: Experiment Three Room Brightness Descriptive Statistical Analysis

Frequency Valid Percent

Room

- Session 1 Session 2 Session 3 Session 4 Session 1 Session 2 Session 3 Session 4
brightness

Bayl Bay2 Bay3 Bay4 Bayl Bay2 Bay3 Bay4 Bayl Bay2 Bay3 Bay4 Bayl Bay2 Bay3 Bay4
Too dim 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dim 0 0 2 1 0 0 0 0 0 667 333 0 0 0 0
Neutral 2 0 1 0 2 1 1 2 66.7 0 333 0 667 333 333 66.7
Bright 0 1 0 1 1 2 1 1 0 333 0 333 333 66.7 333 333
Too Bright 1 2 0 1 0 0 1 0 333 66.7 0 333 0 0 333 0

\

Table 4.22 was the descriptive analysis for the students’ perceptlon e brightness of

the classroom. Students in Session One results show that 6 nt (l1 =2) was neutral
and 33.3 per cent (n=1) sees the room as too bright in tudents in
Bay Two answered bright and too bright with 33.3 ent (n 1) an cent
(n=2) respectively. Session Two in Bay Three at stufents swereThe room

being dim and neutral with 66.7 per cent ( 2) d 3&‘3 per.cent (r%ﬁ‘.%spectlvely

Bay Four in Session Two shows that &e}ent (n= he ﬁﬁnts answered the

room was dim, bright and too brlght%lon Th \rr-B%/ @rows that 66.7 per cent

N
(n=2) and 33.3 per cent (n=1) a%dent ans neu@ and bright respectively.
~ &
33.3 per cent (n=1) and 66. t( e stu‘dé@ answered neutral and bright
»°p It

respectively in Bay Two er cent (nE1)! in@ssmn Four Bay Three students
's $ &
answered the room htness\tﬁu{ I, bri nd too bright each. Session Four in

Bay Four anst&simm? ion Zé@é Bay One with 66.7 per cent (n=2) and
!

33.3 per cent for ngutral d‘rl%r spectively.
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Brightness of Classroom
80.0 g r
5D=1.15 SD=0.58 5D=0.58  SD=1.53 SD=0.58 S$D=0.58  SD=1 SD=0.5
Mode=3 Mode=5 Mode=2 Mode=2(a) Mode=3 Mode=4 Mode=3(a) Ik3
70.0 = N
60.0 4
T 50.0
¥ 400 O
]
§ 300 L
b
& 200 Y
10.0 “r
0.0 )
Session 1; Session 1; Session 2; Session 2; Session 3; Se ession
Bay 1 Bay 2 Bay 3 Bay 4 Bay Bay 2 Bay l
mtoodim mdim mneutral ht ltoo bright S
Figure 4.29: Experiment Three Studen tnesk ion Gr.abh

Figure 4.29 shows the graph that expl@ stude ts' ghtne@erceptlon for

Experiment Three in each session and y fo@ys that perceived
by the students as 3=normal or ne %lch @S r@ay One with SD=1.15,
Session Three Bay One with Sé %(y I‘:‘ayl@%e with SD=1 and Session

rcep of the brightness was normal

ere were

Four Bay Four with SD=0. thotg ,
l
the uniformity ratio W%a between 0. p here this was influenced by the
layout design of t Nroonﬂs ion O y Two perception was 5=too bright
with SD:0.58 es i yTw@ 4=bright with SD=0.58, which were the
‘
most poss re tsm t 0 of the classrooms were too close to the sitting
area d IayOLf r’fwhe%{.\he uniformity ratio was very low at 0.1 and 0.4.

0 Bay Three studen@erceptlon was 2=dim with SD=0.58 and 2a=dim with
for Bay Four, where the uniformity ratio was 0.3 and 0.4. These results may
Influenced by the students’ sitting location near to the windowless corner of the

Iassroom during the experiment, where the uniformity ratio was also low.
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Table 4.23: Experiment Three Window Size Descriptive Statistical Analysis
Frequency Valid Percent
Session 1 Session 2 Session 3 Session 4 Session 1 Session 2 Session 3 Session 4
Bayl Bay2 Bay3 Bay4 Bayl Bay2 Bay3 Bay4 Bayl Bay2 Bay3 Bay4 Bayl Bay2 Bay3 Bay4
Too small 0 0 0 1 0 0 0 0 0 0 0 333 0 0 0 0

Size of
Window

Small 1 3 3 2 1 0 0 2 333 100 100 66.7 333 0 0 66.7
Neutral 1 0 0 0 1 0 1 0 333 0 0 0 333 0 333 00
Big 1 0 0 0 1 2 2 1 333 0 0 0 333 66.7 66.7 333
Too Big 0 0 0 0 0 1 0 0 0 0 0 0 0 333 0 0

The descriptive analysis for the second variable was as shown in% 3. Students in
Session One Bay One results show that the same value of 33.3?&1t (n=1) perceives
the window size was small, neutral or normal and bi ents i Slassio One Bay

Two and Session Two Bay Three 100 per cent (n=3)4agree that the wi s‘!ze‘izrthe

N
en‘s fﬁc:s)ession
\(‘Z*
espectﬁze y. Session

e sa eis Session One

ud‘e_{ perception of the

classrooms was small. 33.3 per cent (n=1) and 66%.per cent (n=2) s

Two Bay Four answered the window was too Small a

Three Bay One students' perception of titw! W Si

Bay One. Bay Two in Session Three ws that t

classroom windows was 66.7 per;cnrazz%b%&

q
per cent (n=1) responded neu& 66.7 cent (n= sponded that the window
size was big in Session FomOne'GG. e' ce \:2) responded small and 33.3

per cent (n=1) responde; th;the ind Mmcajpig in Session Four Bay One.

3 p%/p\nt (n=1) too big. 33.3

7
<
ey,
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Size of Classroom Window
120.0
SD=1.00 5D=0.00 SD=0.00 5D=0.58 5D=1.00 $D=0.58 S5D=0.58 SD=1.15
Mode=2(a) Mode=2 Mode=2 Mode=2 Mode=2(a) Mode=4 Mode=4 =2
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4

mtoosmall msmall mneut

Figure 4.30: Experiment Three Students’
Figure 4.30 shows the graph that explains ri
of the windows, where most of the seswp%!i;/ed the
the Standard Deviation for Session ﬁajere S% %}I
ot

S per@on of the size

i do@e 2=small, where
_\.00, Session Two were
SD=0.00 and SD=0.58, Sessio

Four was 1.15. These res?ws stu nts"gception of the window was
influenced by the on% hea‘g height a't 1&1 even though the WFR were

&
controlled at recc;KvﬁRded 2(] p\eﬂt. On@o sessions perceived the classroom
P— I H

window size as 4sbig, Whic

¢
with both S —%.59. The/stu 1 ﬁ‘er@;’on that the classroom was bright influenced

N
the smdﬂv ceptid the Wim‘c}/v size as well.
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Table 4.24: Experiment Three Amount of Daylight Descriptive Statistical Analysis

Frequency Valid Percent

amount of
daylight Session 1 Session 2 Session 3 Session 4 Session 1 Session 2 Session 3 Session 4

Bayl Bay2 Bay3 Bay4 Bayl Bay2 Bay3 Bay4 Bayl Bay2 Bay3 Bay4 Bayl Bay2 Bay3 Bay4
Too low 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Low 0 0 3 0 0 1 0 0 0 100 0 0 0 333 0
Neutral 3 0 0 0 2 0 1 0 100 0 0 0 667 0 333 0
High 0 2 0 1 1 3 1 3 0 66.7 0 333 333 100 333 100
Too high 0 1 0 2 0 0 0 0 0 333 0 66.7 0 0 0 0

The third variable was the students' perception of the amount oWht. Students in
Session One Bay One results show that 100 per cent ( R(Eve the amount of
daylight was neutral. 66.7 per cent (n=2) students in n One ‘Bay ered the
amount of daylight was high, 33.3 per cent (n=1) answered too high. 1 piri‘\iﬂ)&'ﬂ)

answered low in Session Two Bay Three. Session hwo Ba)‘.F r dentyanswered
NV

33.3 per cent (n=1) and 66.7 per cent (n= hRa:d t
Three Bay One answers were 66.7 per,ce %{neu

100 per cent (n=3) answers the dayli %ig i ssTn hree Bay Two and Session
Four Bay Four. Students in Sessio % Bw%swe@:&&.b’ per cent (n=1) low,

&
neutral and high respectively.\ '

1gh resp WEIy. Session

3.3 per cent (n=1) high.
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Amount of Daylight in Classroom

120.0 SD=0.00 SD=0.58 SD=1.53 SD=0.58 SD=0.58 SD=0.00 SD=1.00 SD=0.0:
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100.0 &
S
80.0 A
TN
60.0 ‘i"'
40.0 \V‘
20. I & q I
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Session 1; Session 1; Session 2; Session 2; Session ?& 3;5 SSiM
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o

Etoolow Mlow M neutral

Figure 4.31: Experiment Three Students” A

tion .@he amount of

daylight in the classroom. The studenw tionin S n ay One, Session

Three Bay One and Session Four B(ﬁree on tfhho‘n {&a\ylight were 3=normal

with SD=0.00, SD=0.58 and SB=1"00"esp gtivel while S&‘gion Two Bay Three was

RN

the only one that perceived i XOw,r though the-average illuminance level were
ow

very high and the unifo%a 0 we:g

perceived the dayli Mmount e's I ,whi@eﬂated to the high average illuminance

E.e&v\feb'o.ZS to 0.3. Three of the sessions

level in the clasw The ere Eééé'(on One Bay Two with SD=0.58, Session
¢
Three Bay g@ Session.Fo I!ayf_g,ur with SD=0.00. Session Two Bay Four was
\
the onl at pefc e w%é?nt of daylight as 5=too high, even though the

stu erceived the brightn@g\ﬁf the classroom as dim and the window size was

S \his may due to the location of the students in the classroom, where the sitting

@ was too closed to the windows.
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Task Performance Perception

Table 4.25 shows the descriptive analysis for the second compﬂwirst

variable the students' perception of the reading task performance in the classrogm.

Table 4.25: Experiment Three Read Eye Chart Clearly DescriptiveyStatistical
Analysis

Frequency Valid Percent

read eye chart
clearly Session 1 Session 2 Session 3 Session 4 Session 1 Session 2 Session 3 Session 4

Bayl Bay2 Bay3 Bay4 Bayl Bay2 Bay3 Bay4 Bayl Bay2 Bay3 Bay4 Bayl Bay2 Bay3 Bay4
very disagree 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
disagree 0 0 0 0 0 0 0 0 0
0 0 0 0 0 333 333 0 0
3
0

neutral
agree 0 333 0 667 333 66.7 333 100

100 66.7 100 333 333 0 66.7 0

w o o o
N B O O
w o o o
B N O O
R Rk P O
O N B O
N B O O

very agree

v
Students in Session One Bay One results show m st \N‘g(-)ér c‘éa;zn::%) very
agree that they can read the BAL eye h@y. i {
33.3 per cent (n=1) of the students sw%a nd 6. pe&ent (n=2) very agree.
Percentage of 100 per cent (n=3)“apswereg \%ee in&sion Two Bay Three.

“« Q-
Session Two Bay Four showsm dents an d 66.1&5& cent (n=2) agree and 33.3

N
(n=1) very agree. 33.3 per c% (n=1) of the tu‘de@swers neutral, agree and very
essia

agree respectively in S Thm{ ne‘.eg.z per cent (n=1) and 66.7 per cent

(n=2) answers n@ agz@ctivelxb Session Three Bay Two. 33.3 per cent
N, Q
(n=1) and 66.% t(n=2) a ?J ag€e9 and very agree respectively in Session Four

ne Bex wo shows that

Qe

@

Bay Thre:%er c:z‘n n=3) of thesstudents in Session Four Bay Four agree that they

can read t AL eye chart cfea Y.
N &
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Can Read The Eye Chart Clearly
120.0 $D=0.00 $D=0.58 SD=0.00  SD=0.58 $D=1.00 $D=0.58 $D=0.58 S$D=0.0
Mode=5 Mode=5 Mode=5 Mode=4 Mode=3(a) Mode=4 Mode=5 =4
100.0 &
AP
80.0
= v
o 60.0
8
c
8 400 N
(7] ‘
D-
Session 1; Session 1; Session 2; Session 2; Session 3; SeS8ign 3; S@ssion ion 4;
Bay 1 Bay 2 Bay 3 Bay 4 Bay Bay'2 Bay 3 Ba\ﬁl\q
M very disagree M disagree M neutr, ree M very agree ‘ ~b

Figure 4.32: Experiment Three Students’ A

and Session Four Bay Three were tha at tf@%an read the BAL
eye chart clearly with SD=0.00 an . 14@"\4.32. These results in
tness of the classrooms,

were very low based on the

where the uniformity ratio @w T ; :
recommended value. % shows“that t}de@erceived that higher amount of

daylight and brig;%)f triﬁmms allowéd them to read the BAL eye chart

clearly, even th% ye | ii gla@?ﬁe to high intensity of daylight received.

In other se '%ows hat.th st{dee‘;)perception 4=agree that they their read the
>

BAL ey% learl¥, o the ?e they had experienced during the experiment.
Thene&ns were Session T @ﬁy Four, Session Three Bay Two and Session Four
@r with SD=0.00 and SD=0.58. There was only one session that was 3=neutral,
w h were Session Three Bay One with SD=1.00. The results explained that even
ough the amount of daylight and brightness were perceived as high, the students can

still perform Arabic reading task at 300mm working plane height in the classroom.
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Table 4.26: Experiment Three Write Eye Chart Clearly Descriptive Statistical
Analysis

Frequency Valid Percent

-—

rewrite eye

Session 1 Session 2 Session 3 Session 4 Session 1 Session 2 Session 3 Session 4
chart clearly

Bayl Bay2 Bay3 Bay4 Bayl Bay2 Bay3 Bay4 Bayl Bay2 Bay3 Bay4 Bayl Bay2 Bay3 Bay4
very disagree 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

disagree 0 1 0 0 0 0 0 0 0 333 0 0 0 0 0 0
neutral 0 1 0 0 2 1 0 0 0 333 0 0 66.7 333 0 0
agree 1 1 1 2 0 2 1 2 333 333 333 667 0 667 333 667
very agree 2 0 2 1 1 0 2 1 667 0 667 333 333 0 667 333

i 4

Table 4.26 shows the descriptive analysis the students' pwyw on the Arabic
handwriting performance, where students in Session One e, Skssion Two Bay
Three and Session Four Bay Three results show that 33.3 enti(n=1

eand.66.7

y.‘Méq"r?Nhile,

per cent (n=2) very agree that they were able to re eeyechartc

33.3 per cent (n=1) each answered disagree, neu agree in

66.7 per cent (n=2) and33.3 per cent (nﬂ%@e

in Session Two Bay Four and SessiorN

that students were 66.7 per cent %eutr&
[

Students in Session Three Ba\ answ

cent (n=2) agree. T '

ion Oh;gay Two.
Yw

ay Four.

192



Can Write The Eye Chart Clearly

SD=0.58 SD=1.00 SD=0.58 SD=0.58 SD=1.15 SD=0.58 SD=0.58 SD=0.5
Mode=5 Mode=3(a) Mode=5 Mode=4 Mode=3 Mode=4 Mode=5 Mtl

70.0 c N
60.0 4 ’
50.0
40.0
30.0
20.0
10.0
0.0

Bay 1l Bay 2 Bay 3 Bay 4

80.0

Percentage (%)

M very disagree MW disagree M neut

Figure 4.33: Experiment Three Students’ Arabi

Yw
Figure 4.33 shows the graph that explai'EW their Arabic

handwriting performance. Session One e, Sessio

Four Bay Three students 5=very a%vith the 'gn hé-}ye chart clearly with
¢ )

SD=0.58 each. This shows th dents’ v l‘éonzfgr in reading the BAL eye
|

is
chart influenced the visual %for I/r her@ents in both also very agreed
with their reading per% . Sesij n O efé@o and Session Three Bay One
students were 3=n with rel\n‘orma here the standard deviations were
SD=1.00 and S% 7 Onl i 'Thre@%ag/ One results correlated with the reading

S

performan erception) by «st er(ts@yudents’ results for Session Two Bay Four,

Session%e, ay TW §ess;i(§~ our Bay Four were 4= agree, where the standards

dev ere the same at SD=0.58. All three sessions show significant correlation

‘@ reading and writing performance perception. The overall results show that the
ents’ perception on writing performance influenced by the reading performance as

ell, where if the visual comfort for reading was high, the writing visual comfort were
the same.
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Experiment Three Results and Findings

The results of the questionnaire show the students perceived that the% less

relationship between the brightness of the classroom with the window si %o}ever, a

higher relationship can be seen between brightness of classroo

daylight, where this can be related with the high daylight i

amount of
z and average

illuminance level for each classroom. This shows that stud ntsw\/ed the amount of

daylight increased or decreased when the brightness

decreased respectively.

Table 4.27: Experiment Three

Component 1 - Daylight Condition Perception

e

|on‘3ﬂse\R ults

m |n reased or

l@

F

Component 2 - Task Performance

Experiment Brightness Size of Window in  Amount of Daylightin Can Read Eye Chart  Can Write Eye Chart
of Classroom Classroom Classroom Clearly Clearly
Session 1 Bay 1 3= neutral 2,3,4 3= neutral 5=very agree 5=very agree
Bay 2 5=too bright 2=small 4=high 5=very agree 2,3,4
. Bay 3 2=dim 2=small 2=low S=very agree S=very agree
o Session2 B B K o .
s Bay 4 2,4,5 2=small 5=too high 4=agree 4=agree
i . Bay 1 3= neutral 2,3,4 3= neutral 3,4,5 3= neutral
Session 3 R . K
Bay 2 4=bright 4=big 4=high 4=agree 4=agree
Session 4 Bay 3 2,3,4 4=big 2,3,4 5=very agree 5=very agree
Bay 4 3= neutral 2= smaII 4-h|gh 4=agree 4=agree

Results for the student%
that most of the se \:ggree #nd

that students |

perceived

Iss

(
“?ﬂrpgnw

ag re

$

&on reading the BAL chart shows

at they can read it clearly. This shows

Oad the BAL chart even though the they

ness/and-da |ghtz£nountwere|neff|0|ent However, results for the

studen %ptlon G'f \ﬂrltl rformance shows that brightness and amount of

fluenced their ansng Most of the sessions that had students highly agreed

y can write the BAL chart clearly were also the sessions that had mostly

wered low and neutral for brightness and amount of daylight in the classroom. This

shows that students perceived that their writing tasks can be performed clearly in a

classroom with a lower amount of daylight and brightness.
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4.3.5 Questionnaire Discussion and Analysis

The overall perception of brightness was low, size of the window w. &izand
nca

daylight was low in Experiment One, assumed that the students expe visual

discomfort. However, the students agreed that they can read and vwri e eye chart
clearly, which shows that the classroom layout design in eriment One was
insufficient in providing daylight condition suitable for s enQ visual comfort, even

though the perception on task performance were othervvi pe im@ahows that

the students perceived the daylight condition as ral or normal, l)ile‘ct‘b)éﬁask
ight,con

performance perception were good in those day ditiPn T sho%s, hat the

¥- N
classrooms in Experiment Two were suitable in providin aylight €onditions for

students’ visual comfort. The daylight %l nop tion res or Experiment

Three shows a high dissatisfaction from the'st en.Q ough they perceived their
\ A
sume

task performance as very good. canh bga that @students perceived that

N
they can perform better in a hi@& -lighte roo@(rén though they experienced

high visual discomfort%Y' :I‘Jj"; 0'\
NS &

Tablg28: Questi Descnéu'\/e Statistical Analysis

f -

Component 1 - Daylight Condition Perception Component 2 - Task Performance
Experiment Brightness Size of Window in  Amount of Daylightin Can Read Eye Chart  Can Write Eye Chart
of Classroom Classroom Classroom Clearly Clearly
o Session 1 2=dim 2=small 2=low S=very agree 4=agree
< Session 2 3= neutral 3= neutral 3= neutral 4=agree 4=agree
- Session 3 2=dim 2=small 3= neutral 4=agree 4=agree
Session 1 3= neutral 3= neutral 3= neutral 4=agree 3= neutral
‘;‘_ Session 2 2=dim 2=small 2=low 4=agree 4=agree
] Session 3 3= neutral 2=small, 3= neutral 3= neutral 4=agree 4=agree
Session 4 3= neutral 2=small 2=low 4=agree 4=agree
Session 1 Bay 1 3= neutral 2,3,4 3= neutral 5=very agree 5=very agree
Bay 2 5=too bright 2=small 4=high S=very agree 2,3,4
[ st 2 e T e e
a 4
‘ o . Bay 1 3= neutral 2,3,4 3= neutral 3,4,5 3= neutral
Session 3 R X K
Bay 2 4=bright 4=big 4=high 4=agree 4=agree
\ Session 4 Bay 3 2,3,4 4A=big 2,3,4 S5=very agree S5=very agree

~ Bay 4 3= neutral 2=small 4=high 4=agree 4=agree
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Results of the questionnaire in table 4.28 shows that 49 per cent of the students in overall
were satisfied with the daylight condition of the classrooms, while 36 p?!nt
responded neutral or normal, with another 15 per cent were dissatisfied. 7(@}nt of
the students were satisfied with their Arabic reading and handwriting taﬁéﬂormance,
while 22 per cent and 4 per cent perceived their performance as n@grmal and poor
respectively. Even though the percentage for daylight condi icmeption was the
highest, it was still less than 50 per cent of the total resp n Thi' shows that the

classroom layout design for Arabic reading and writi sk r ther study
| ]
va

especially in providing acceptable and efficient dayli onditi

questionnaire will be discussed with relatio student

performance assessment further in this stud\, o\

fmy

44  Students’ Arabic Handwriting&orrn@ O

A
N
The students’ performa%meaﬁlred valuating the students’ word per

&

minute (wpm) score for the Arabic h i task{hne students were required to
I the guesti

rewrite the BAL eye chart provided wi nnaire in the space provided, where

's 4
\ﬁmg ken far them to finish the Arabic handwriting

students also require%ac rdlt %

task. The average’ Arahic ha task s@éd was recorded to evaluate the students'

: @
performance, C@ the Javera

!
wpm f%'r')students aged 13 to 14 years old was 14.3
wpm to 15. m. Eac vse}’o
X

N . .
w ovided with a stopwatch at the front area of the
clasﬁ average word p@lnute for each experiment was cross-referenced with
\

t Nroom’s average illuminance level.
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4.4.1 Experiment One

Table 4.29: Experiment One Students’ Arabic Handwriting Speed and Pe;MCe

Task Speed/Time Word per Minute
Performance  Session1 Session2 Session3 Sessionl Session2 Session 3
Valid (N) 24 24 24 24 24 24
Mean 590.0 657.7 773.8 15.7 13.7 11.7
Median 5775 658.0 766.5 14.6 12.8 11.0

a. Multiple modes exist. The smallest value is shown

Table 4.29 shows the students' average Arabic handwrit e%formance

based on the provided BAL eye chart for Experiment One¥ Students ssion,One

'h N
shows a significantly high average word per mi (wpm) or Afabic amnting

b4 Y

performance and fastest average speed (sec) for?!abic‘ha&d ing r@« However,
the results in Session One and Two showsewage Qndwr‘lﬁg performance

compared to the first session. \ \

Or

iti Spee? 7}
X |
700 , i 0

600

Average Writing Time/Speed (sec)
0]
o
o

}ession 1 m®Session2 M Session3

§igure 4.34: Experiment One Average Arabic Handwriting Speed Graph
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Figure 4.34 shows the average Arabic handwriting task speed taken for each session.
Session One student in Classroom average time speed taken for the Arabic handw
performance was M=590 seconds (9 min 50 sec), which was the fastest w@}ment

One. The average time speed for Session Two and Three was M=658 S (10 min

58 sec) and M=774 seconds (12 min 54 sec) respectively. ?

Students’ Performan$: '

15.7 wpm \ , WEragew m14.3
16 & wpmto 1
N | A 4 .

Writing Performance (wpm)
00

0
Session 1 Session 3
A
—O—i/eragev efforma *Es
Figure 4.35: E i ne‘e‘/e abb'—landwrltlng Speed Graph

Session One in C'IQQ @ |ghe erage performance of M=15.7 wpm

as shown in flg% 4 Wh iore agﬁlgher than average word per minute for

students o fg%e ag : t&jeb s, in Session Two and Three performed lower,
:

which 3.7 1 7 wpm respectively. In theory, Session One

c acceptable |Ilum|n®evel for the students to perform 'Arabic handwriting
taE 900mm working plane height, where wpm scores will be compared with the
ge illuminance level measured in field measurement to confirmed the theoretical

Qtement
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4.4.2 Experiment Two

Table 4.30: Experiment Two Students’ Arabic Handwriting Speed and Pgﬁqgce

Task Speed/Time (sec) Word per Minute (wpm)

Performance Session 1 Session2  Session3  Session4  Sessionl Session2 Session3 Session 4
Valid (N) 24 24 24 24 24 24 24 24
Mean 838.3 920.8 691.1 841.5 104 9.4 12.6 105
Median 798.5 908.0 687.0 796.5 10.5 9.3 12.2 10.5

a. Multiple modes exist. The smallest value is shown

Table 4.30 shows that the students in Experiment Two Arahic Wting performance
0
WO Was

scored lower than the average wpm for the same . e' overall results

suggested that the daylight condition in Experimen nat sui for Qabic
| &
handwriting tasks for hafazan at 300mm working heigh‘t' due to'the hi fPiﬂtensity

of daylight, thus creating glare and visual discoWo \H.Q ts. b

Average Writing Time/Speed (sec)

ure 4.36: Experime@b Average Arabic Handwriting Speed Graph
@)rded average time speed taken for the students in all four sessions to rewrite
& AL chart in each session was as shown in figure 4.36. Session Three had the fastest
verage time speed taken for Arabic handwriting task performance in M=691 seconds
(11 min 31 sec). The average time speed for Session One, Two and Four was M=838
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seconds (13 min 58 sec), M=921 seconds (15 min 21 sec) and M=842 seconds (14 min

2 sec) respectively. Yv
Students’ Performance A

12.6 wpm Average wpm 14.3
wpmto 15.6wpm

Writing Performance (wpm)
)} [
4
13
[

Session 1 Session 2

Figure 4.37: Experiment Tw@ Average

S
The students located in Classro%( durﬂlg Session 'I;zg@had the highest average
performance with M=12.6 mho re 4.3& he students in Session One,
I rf

Two and Four had lo i&handw

sessions in ExperimentyI'wo owe
@ :| C,)

443 E Thr \Q/
<Q pi Sy D
Y-v

eriment Three con@éf four sessions, with each session, had two separated

b%\ﬁn were suitable for three students to occupy during the learning process.
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Table 4.31: Experiment Three Students’ Arabic Handwriting Speed and Performance

Speed/Time (sec) Word per minute (wpm)
-[I)-:srfgrmance Session 1 Session 2 Session 3 Session 4 Session 1 Session 2 Session 3 Session 4
Bayl Bay2 Bay3 Bay4 Bayl Bay2 Bay3 Bay4 Bayl Bay2 Bay3 Bay4 Bayl Bay2 Bay3 Bay4
Valid (N) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Mean 1142.7 1397.7 1122 822.3 823.3 1038.0 1084.3 723.0 7.7 6.8 7.7 104 103 8.1 8.0 118
Median 1201.0 1619.0 1054 812.0 820.0 1046.0 970.0 697.0 7.0 5.2 8.0 103 102 121
Table 4.31 shows all average performance in Experiment Three sc e very low

compared to the average performance for students of same age% verall results

suggested that the Tasmi’ classroom were not suitable fo Amndwriting task at

300mm working plane height. \d
L 4

1397.7 sec
a ‘ o N
1400 V
o 1142.7 sec “
g 1200 .’
T
& 1000 :
£ 822.3 sec 723 sec
E,, 800
2 600
&
E: 400
200
N Y
mSs Bay 1 ' Ses , Bay Lé!ésion 2; Bay 3 I Session 2; Bay 4
l&?n Bas‘\ Ses 3; Ba Session 4; Bay 3 M Session 4; Bay 4
f

Flgure 3 pe mentg ?e' Aﬁ?ﬁe Arabic Handwriting Speed Graph
Session B} hi $et recorded average Arabic handwriting speed,
which %1398 sec (23 m|n c) This shows that students in that session perform
p |n the given Arabic hhwrltlng task. Students in Session Two Bay Four and

sion Three Bay One had the approximately same value of M=823 secs (13 min 43

). However, the fastest average Arabic handwriting speed in Experiment Three was

Session Four Bay Four with M=723 secs (12 minutes 3 sec).

201



Students’ Performance

14 T ) .
ragi 3
tphm
12
10.4wpm 10.3 wpm 1Jme
£ 10
o
2
3 8
% 8.0wp
E
'1.0: 6 6.8wpm \V‘
& v
ED 4 A
: ™N

Session 1; Session 1; Session 2; Session 2; Session

Bay1 Bay 2 Bay3 —O—A%gy;ge PerfEr
e
Figure 4.39: Experiment Three Average riting Spee@raph
The students located in Session One Bay%\ﬁ Ba {ree shows that
the average performance was M=7.7 Mess' nT y E{de Session Three

r &ce of M=10.4 wpm and

Bay One were closely similar to :lnahn %v%vr
age

“ %
performance K&e sion Three Bay One and

Session Four Bay Thre WWroxi'watel t ess@with M=8.1 wpm and M=8.0
< : {

wpm respectively. The [owest avera rihtz(@was in Session One Bay Two with

O

M=6.8 wpm. Th m( avellage p formzn&}was in Session Four Bay Four, with
N

M=11.8 wpm§Mer, Il students average’performance was lower than the same age

M=10.3 wpm respectively. T.

/e

S

group ave d per minute \(J
igﬁ{ T {
4.4. udents’ Performance Disgussion and Analysis
\

Experiment One shows that only students in Session One Average Arabic

Ovdwriting performance for hafazan learning that surpassed the average word per

minute based on the same group age. The other two sessions had wpm lower than the

202



average performance based on the same age group, which suggested that the difference
in average illuminance level measured for each session at 900mm working plan?ght
in classrooms with 900mm window sill height influenced the students’ stur&erabic
handwriting performance. Thus, the average illuminance level for e sion was
evaluated to identify the acceptable illuminance level for Arahic handwriting

performance in hafazan learning. \,

'\

Arabic Handwriting Performance

Experiment 1 Experiment 2 Experiment 3

Average performance =14.3-15.6wpm ‘
12
10
8

Exp 1; Exp 1; Exp 1; Exp 2; Exp 2; Exp 2; Exp 2; Exp 3; SesExp 3; SesExp 3; SesExp 3; SesExp 3; SesExp 3; SesExp 3; SesExp 3; Ses
Session 1 Session 2 Session 3 Session 1 Session 2 Session 3 Session4 1;Bay1 1;Bay2 2;Bay3 2;Bay4 3;Bayl 3;Bay2 4;Bay3 4;Bay4

Arabic Handwriting Performance (wpm)

=@~ Arabic Handwriting Performance == Arabic Handwriting Performance =@~ Arabic Handwriting Performance

Figure%&erage A,rabic aind@g Speed Graph

Each session in Experiment” Tw. WNQ‘I\C d th“ dents' average Arabic handwriting
performance Wa&%tud l i essi(K hree had the highest average Arabic
handwriting ance, dlth b'llt \ﬁaa still lower than the average performance

compare &He 53;71 age'gr up@is shows that the students' Arabic handwriting
4

perforﬁnc at 300mm Workin@e height in classrooms with 900mm window sill
N

as lower due to the high daylight intensity and average illuminance level that

sed glare and visual discomfort to students. Thus, classrooms with a window sill

ight of 900mm were not suitable for Arabic handwriting task at rehal 300mm working

plane height.
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All of the students' average Arabic handwriting performance in Experiment Three
students was very low compared to the average performance score by studentw
same age group. The design layout of the Tasmi’ classrooms that were sm(ls\5hd had
lower window sill height and window head height received very high intensity
and average illuminance level, which caused glare and visual discomfort to the students
during the Arabic handwriting task performed. Since t twﬂverage Arabic
handwriting performance scores was the lowest in Experi }m, 't was suggested
that the classroom design layout was not suitable for Ara and riw at 300mm

working plane of rehal. ' .\c}
P 4
<

45  Experimental Analysis and Discussion? ' \ &
The average illuminance Ievel@d in the™fi me@%ment was Cross-
referenced with the students' averagé performa \I‘e( ch Kp\eximent to identify the

N
correlation between both result ingf! Ho r, thggiperiments conducted for

this research had different cIaQBsm I setup$hus, each experiment of the
I/Its etw

research had different’ correlation re nSilluminance level and students'

’
sed oﬁ}ﬁe variables for field measurement,

questionnaire and s ts

setup and refe‘@ or the c‘o
45.1 :went neV).'

ata collection sessions conducted in Experiment One was to identify the

aceeptable illuminance level for hafazan learning task performance. The illuminance
vel measured for Experiment One was at the working plane of a table of 900mm

height. The window sill height of the classrooms was similar at 900mm height. The

204



cross-referenced results of illuminance level and students’ performance will identify the

acceptable illuminance level for optimum hafazan learning task performance. Yv

18 == Average llluminance = = Average Performance * 500
1 A w

14
12

10

Average Performance (wpm)
5}
Average llluminance Level (Lux)

Session 1

llluminance Level (lux) 280
—
Performance (wpm) 15.7 3.7 Ty @
Students’ Perception " e
Brightness of Classroom dim norm ) A‘-\dlm
Size of Window in Classroom small ﬂn al c\ small
Q"

Amount of Daylight low normal normal
b .

9 agree

agree

Read Eye Chart Clearly very agr

Write Eye Chart Clearly

Figure 4.41 shov& i el measured at 900mm working plane

height, stude‘ﬁ\ . @ students' performance of each session
conduct%%ﬁeriny s ne conducted in Classroom One shows that the
0

studﬁ

rmance was high&%n the average performance of the same age group,
N
e Nough the average illuminance level was lower than recommended, which
égl

ated with the students' perception of low daylight condition in the classroom.
Ithough, the students' perception of the reading and Arabic handwriting performance

was high, where the students very agree and agree for both task performances
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respectively. This shows that the acceptable average illuminance level for students’

optimum Arabic handwriting performance should be lower than standar?ld

guidelines recommendation. C}

Other sessions in Experiment One shows that the average illuminance level were within
the range of standards and guideline recommendation, whichycorrglated with the
students' perception of normal daylight condition in the C|WS. However, the
students’ performance was low, even though the stude@xha tIley can read and
write the eye chart clearly. This result shows clearlyghat a highe iIMI{WI in
the classroom decreases the students' performa@ a I(‘)'w t relc%ﬁ;n')ended

illuminance level increases the students' perforrw:e'si Trsa,l : ‘?’
452 Experiment Two \ é

Experiment Two sessio%as)ong deryg;y the suitable average
q
illuminance level for Arabick riting ang‘?trworking plane height at
' ! 9 \

4

206



14 === Average llluminance = ——Average Performance 700
12 652 v
— 10 -
£ 5
2 =]
= =
g 8 g
: 5
E g
2 5 £
2 :
: 2
2 ¥
z 1
<
2
0 —_— —_—
Session 1 Session 2
Illuminance Level (lux) 530 603
Performance (wpm) 10.4 9.4
Students’ Perception
Brightness of Classroom normal dim
Size of Window in Classroom normal small
Amount of Daylight normal low
Read Eye Chart Clearly agree agre
Write Eye Chart Clearly neutral agr ‘ aaree
Figure 4.42: Exberiment o, A}a}éﬁ
Figure 4.42 shows the averagesi ancc!‘ levelys denQG:{)erceptions and average

students' performance corr m e n cc?n%@ted in Experiment Two. All

sessions conducted sh he students' performahce was low, which related to the
' ¢ &

high average illu 'ma{e evi \al\e ceedé%e recommended value measured at

300mm working.planeyAlt

aver illuminance level in Session Four was in

!
¢
the recommen&)nge, he stuents’ ;@/f rmance was still low. The factors correlated

- - - \ - - - -
in this e Iment was the ‘Jg t ot-g?e working plane and the window sill. Different
b %
heim@en the working pl@and window sill influences the average illuminance
N

I \erefore, suggested that classrooms with 900mm window sill height were not

uttable for Arabic handwriting task at 300mm working plane height of a rehal.
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4.5.3 Experiment Three

Experiment Three sessions were to identify the illuminance level Ngz:n
learning task working plane of 300mm height in a classroom layout w@ow sill
height of 300mm and 1.1m window head height from the floor The cross-
referenced results of illuminance level and students' performw | identify the

acceptable illuminance level for Arabic handwriting taskgi tR particular classroom

layout design. l\d
N | J1LS
Ymoo

w5
== Average llluminance —Averm:rformane ' l
12
- 10 -
x
£ 3
H 3
g 8 3
& k\ ;
£ o
5 g
< £
g ° £
@ é
S
@ ©
: ¢
<<
2
0 P A i — 0
Sessiopgeszn Sessi’, Sesgjon I Session | Session | Session | Session
1;Bay 1| 1Bay 2 | 2} 3|4&; Bay 4 (; 1(3;Bay2|4:Bay3 |4;Bay4
' \
. L [ ] .
llluminance Level (lux) 899 1599 l 60’ 597 = 1227 757 596
Performance (wpm) &N ¢ 10?% I 103 8.1 8.0 11.8
Students’ Perception = ! @
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Figure 4.43-Experiment Three; Data Analysis

Fi\.43 shows the average illuminance level, students' perceptions and average
ents' performance of this experiment. The range of average illuminance level was
ery high, which was not acceptable in any standards and guidelines. Proven that higher

average illuminance level negatively influenced the students’ performance due to glare
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and visual discomfort, where the highest students' performance was in classroom with
the lowest average illuminance level, and the lowest students’ performancew
classroom with the highest average illuminance level. This shows a clear@}uship
between average illuminance level and students' average performanc!'Nassrooms
with 300mm window sill height using rehal 300mm working plane héight. Thus, the
Tasmi’ classroom layout design was not recommended for Arabic handwriting task at

300mm working plane height. '

4.5.4 Discussion and Analysis ‘\d'
s
wr% ane&s higher

when the average illuminance level was lo T onIy’?cce ble A@c handwriting

performance score was in a classroom\how averal
-énce level and Arabic

The classroom window sill height%EJOOmm, VII
N,
d
|

¥

Figure 4.44 shows that the students' Ara

i um@e level of 280 Ix.

handwriting performance were at 900mnar worki lane height.

—— N

Average llluminance Level x Arabic Handwriting Performance

1800 18
Experiment 1 Experiment 2 Experiment 3

1600 Average performance =14.3-15.6wpm

1400 | 14

1200 12

1000 | 10
800 1

600

6
Recommended lux=300-500
400 ‘
0 0

Exp 1; Exp 1; Exp 1; Exp 2; Exp 2; Exp 2; Exp 2; Exp 3; SesExp 3; SesExp 3; SesExp 3; SesExp 3; SesExp 3; SesExp 3; SesExp 3; Ses
Session 1 Session 2 Session 3 Session 1 Session 2 Session 3 Session4 1;Bay1 1;Bay2 2;Bay3 2;Bay4 3;Bayl 3;Bay2 4;Bay3 4;Bay4

Average llluminance Level (lux)
&

Arabic Handwriting Performance (wpm)

[N}

mmm Average llluminance Level s Average lluminance Level mmm Average llluminance Level
=& Arabic Handwriting Performance «#= Arabic Handwriting Performance =8 Arabic Handwriting Performance

‘Figure 4.44: Experiment Average Illuminance Level and Arabic Handwriting
Performance
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The results of Arabic handwriting performance at 300mm working plane height in
classrooms with 900mm and 300mm window sill height were low due to high ?@e
illuminance level, which created glare and visual discomfort to the studeneg\shg the

Arabic handwriting task.

Different classroom parameter such as smaller floor area and lower, windew head height

in Experiment Three was not suitable for Arabic handwriti a e that the average

illuminance level measured at 300mm working pla a ‘)o high, which

Therefore, the next phase of the research was to re the suitabl

head height in a classroom that catered for ArWn

300mm working plane height through cor@b imulation.

\

4.6  Daylighting Simulation T (\
N
0 e,
The daylight S|mulatloq\ IESV/E evaluate Kﬁ&us window sill height for
students’ optimum hafazan g t#k 0 ma a working plane of 300mm

height, which refers to%lve twosof t Qag? The parameter of the variables
identified in the e Mts such a e 5|ze QIélssrooms and acceptable illuminance
levels for Ar | |t| pse&)@he simulation process. The model setup
requwest I |n rnafyre ecta@e’(%) to simulate the illuminance level of the
space e ctanc Vv sfor eagh internal material and components were 0.7 (70%)

for 0.3 (30%) for flodhcé'r\d 0.5 (50%) for walls, as shown in figure 4.45. The

%&tance value was 0.81 (81%) from a single glazed unit with clear glass panels

Odow s located on both sides of the classroom.
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Construction/Material ID] External area (m‘)l External reflectance (%)[ Internal area (m‘)l Internal reflectance (%)I
STD_CEIL [[119.00 [[70 119.00 70 |
STD_FLO1 297.50 0 59.50 30
STD_ROOF 297.50 10 59.50 70
STD_WAL1 675.45 50 225.15 50
Figure 4.45: Simulation Parameter Setup . s 7
The simulated classrooms had the same parameter set up except f indow sill

height, as shown in table 4.32. The window sill height range forWodel was set at

between 300mm to 900mm. Since that the window size &R were constant, the

window sill height influenced the window head height, ran Ween 1.5m
| ]

to 2.1m. Each model's average illuminance level wasenly within the dfnts"‘) ting
=\

area, where the area was 2m margin from the walls, €speciallywalls that haquindows.
NV

The date for every simulation was 21 MKhz;co.O%amere thé&y condition
selected was intermediate accordinm\% stan V\@gsia with global

illuminance level of 60,000 Ix. \Y '<\
d ,~ 'S
eter

Table 4.32"Classroom.Simulatiéh P

F )

Parameter Detail
Dimension 3 ) é\?m X 8.5m X 3.5m
Floor area ( Q, 59.5m?
Window dimens > 1.2m x 5m
Window to Floor Ratio ( dow dr 20% / 12m?
| % 300mm/1.5m
QQ 400mm/1.6m
N I & 500mm/L.7m
Window ad heighty 2 o) 600mm/1.8m
\(_/ 700mm/1.9m
Q’ P ,é\ 800mm/2.0m
%& 4 e 900mm/2.1m
&'n orientation (.>’ North/south
‘\J

sion analysis using SPSS based on the field measurement and the simulation

Ontify the reliability of the daylighting simulation parameter setup, as shown in table

4.33, where both Experiment One and Experiment Two were combined. Experiment
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Three was not included since the regression result was invalid due to different classroom

design and condition. Yv

Table 4.33: Regression Model Summary (')
Model Summary®
Adjusted R RS
R R Square Square Change
0.883a 0.780 0.736 7
a. Predictors: (Constant), Ix
b. Dependent Variable: Ix Y.

The regression analyses the average illuminance level measure
independent or explanatory variable and averag umlnan‘ge eve mm%@ﬂ nasa

dependent variable. The R-value shown above Ialns corr; I&;tron between

average illuminance level measured and vel QUI] lation. R-value

%Z

of 0.833 (83.3%) indicates that the c rrela b een ‘& les was high. The

R? value of 0.780 shows that t% vw on e @srage illuminance level
simulation explained by the e illu e Ieﬂ‘-measured at a very large

percentage of 78 per ceﬁ

Average IIIummance Level
Experiment 1 Experiment 2

700 :
]
600 @
500 :
400 >

. Rvalue =0.883

a : R Square = 0.780
200 i
100 !
]
0 a

Classroom 1 Classroom 2 Classroom 3 1 Classroom 4 Classroom 5 Classroom 6 Classroom 7

q =Field Measurement (lux) = Computer Simulation (lux)
V Figure 4.46: Average llluminance Level Regression Graph
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Figure 4.46 shows the regression graph for average illuminance level measured and
average illuminance level simulation with a high R-value and a very large R A
Thus, the daylighting simulation parameter set up for the regression %\ was

reliable to simulate the average illuminance level for classrooms with a window

sill height. ?

4.6.1 Window Sill Height Simulation Y-

The simulation result of each model shows the mi m, axW:j average
values of daylight factor and daylight illuminance level™Fhe grid or ntIiII Inance
measurement result shows the back-coloured g id{) i alueegz;phs that

illum@hce grid point
values within the 2m margin away malls. Th ea v@lso the students'

seating area. Therefore, the seatin @sverage Hm Q was considered and
ﬂy S
e,

@

emphasized in this study. “« Q-
s

identify the daylight distribution and uniformity. owevﬁzr,o

>
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8500mm

wwooot

wiwoose

7000mm
Whiteboard Area

g
o =]

3

1.2m 3

1.5m
300mm
Figure Slmui Uvel V\(L@f)w Sill Height 300mm

Figure 4.47 shows t del f e classroom with a 300mm window sill

height and ndo he:?ﬁt é‘(?students sitting area was 2m margin away
Wh|

from th | th wi e front of the classroom with a 2m margin was

aIIo edthfor Whlteboard and t@dck of the classroom was for cupboards and shelves.

\ulatlon model section shows the luminance area between the window head
t

and the working plane. The luminance area was 1.2m above the 300mm working

lane height.
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Quantity e | Window Sill Height  : 300mm L
Min. || Ave. I Max. | Classroom Ave, Lux :451 lux
[Daytight factor  [[0.7% [[3.7% [[143% |
Seating Area Ave. Lux: 223 |
[Daytight illuminance|[§4.36 ux|[450.67 tu[1737.5T lux] ~ 0 oo e HX S22 X
8500mm
1750mm | 5000mm . 1750mm
1 L}
f i 5
a§414osém§1m1mtmﬁm1m@ & 3
g NORTH
815 875 903 920 903 875 803 3
" = i e Daylight (lux)
Mar 21 10:00
~
o
(=]
(=]
3 1700.00
3 kuo.oo
1500.00
1400.00
1300.00
1200.00
1100.00
1000.00
L] - - - . .. 90000
800.00
700.00
N 600.00
809 875 903 920 903 675 809 3 500.00
— 3 400.00
s 1400 g , J— @] L 300.00
1813 1703 1732 1738 1732 1703 1613 1400 g, 200.00
1 | = 100.00
1 1 0.00
|}
Figure 4.48: Illumi _evel Simulati n;V@iow Sill Height 300mm

(
s &

The illuminance | Nnulatlpn for 3 m window sill height in figure 4.48

shows that the ssroom’ s

1llu1Q§z1ce level was 451 Ix. Meanwhile, the

1
2 9
average ill vel withinithe s‘E\d ts’ seating area located within the 2m margin
was 22$mf& ratio e simulation was acceptable based on standards
and ines by JKR, Whlchq&ae 0.7. The students' seating area achieved an average

|Il\nce level which was acceptable for Arabic handwriting tasks as identified in

riment One.
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8500mm

wwooot

wwoose

NS
o
y==)
o
i
A
/VU/?f/;
S
7000mm
Whiteboard Area

N
3
) =]
§ 3
3 3

3

FE;Q. : Si f

N
Figure 4449 %s the sim )ion | for the classroom with a 400mm window sill

height. the window head heig\ the simulation was 1.6m. The luminance area was

1 \bove the 300mm working plane height as shown in the simulation model section.

S
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Values | Window Sill Height ~ :400mm
Min. Ave. Max. | Classroom Ave.Lux :499 lux

Daylight factor  ||0.8% |[41% |[153%
Daylight iltuminance|[102.33 hux|[498 61 tux|[1854.92 fux

Quantity

Seating Area Ave. Lux: 254 lux

8500mm

1750mm_ | 5000mm . 1750mm

4% 1717 186 1851 185 1851 1816 1717 14:0 9

&

NORTH

uibiew wz

756 894 967 1004 1012 1004 967 888

Daylight (lux)
Mar 21 10:00

1800.00
1700.00
£ 1600.00
1500.00
1400.00
1300.00
1200.00
1100.00
1000.00
900.00
800.00
700.00
600.00
500.00
400.00
300.00
200.00
100.00
0.00

wwipoos

1004 1012 1004 967 838 756

9k 1490 1717 1816 1851 16855 1851 1816 1717 1430 k5
] ]

uibiew wz

Figure 4.50: IIIuminan‘cMVel iWWi\n&W Sill Height 400mm
The illuminance levelfsi

lation result in igur@ shows that the classroom’s
S s
average iIIuminancew S 1 : anwg(efﬁhe average illuminance level within

the students’ sq rea e ithin{the 2m margin was 254 Ix, where the

. o Sl S _
uniformity ra% he simula n&vaﬁj eptable at 0.7. The students' seating area
achievedsth erage lu :nanc@el acceptable for Arabic handwriting tasks,
simi|ar5wi simulation for w'trj'ggv; sill height of 300mm.

N

3
N
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8500mm |
5
5m w
g
3|3
1.2m 3
500mm
_—TS OV
z =)
- o
£ =
S =
e
7000mm
Whiteboard Area
o
8
w
g |5
S 3
1.2m 3
1.7m
500mm
- - . N
Flgu Sl atlo odel; A@mdow Sill Height 500mm

iv

Figure 4. SQ@t i0 or the classroom with a 500mm window sill
helght:&ﬂm win Iéad i%ght The simulation model section shows the

Iurg\ area between the V\/'ﬂ%%w height and the working plane. The luminance area

Nl

above the 300mm working plane height.
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[ Yilas | Window Sill Height ~ : 500mm
[ Min. | ave. Max. | Classroom Ave.Lux :542lux
|

Daylight factor  [[09% [[45% [[15.7%
Daylight illuminance|[113.13 fux][541.66 hux] [1907.18 fus|

Quantity

Seating Area Ave. Lux: 284 lux

8500mm
1750mm | 5000mm . 1750mm
] 1

N
3 € 5

3

9

g
973 1051 1093 1108 1033 5 NORTH
e s Daylight (1)
Mar 21 10:00

1900.00
1800.00

1700.00
1600 00
1500.00

140000
1300.00
1200.00
1100 00
100000
900.00
800.00
700.00
600,00
600.00
400.00
300.00
200.00
100 00
0.00

wwop0Z

uiblew wz

q

Figure 4.52: IIIuminan& el Si tio Wlmioz,f%ill Height 500mm
The illuminance level simu?ﬁresul for m.@dow sill height in figure 4.52
I

shows that the classroom’s average ftlumi aﬁta{Le,vel was 542 Ix, while the average

illuminance level within'the s@eaﬁn@ was 284 Ix. The students' seating area
N
achieved an aEMIIu inance-level oté?u Ix, where the uniformity ratio was within

&

the accep e at0.7. This sh that the classroom setup was acceptable for
. WAV AR
Arabi iting tas Y.
Y
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8500mm
I
5
w
e
3|3
3
7000mm
Whiteboard Area
D
8
o o
1.2m g
1.8m
600mm

Mod@ﬂ/mdow Sill Height 600mm

Figure ws tl}eﬁ @del for the classroom with 600mm window sill

helg m window head ht, where the simulation model section shows the

e area between the WlndOW height and the working plane was 1.5m above the

Q%n working plane height.
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| bl | Window sill Height :600mm
Min. | e || Max | Classroom Ave. Lux :571lux

Daylight factor  |[1.1%  [[47% [[159% |
Daytight iltuminance]|132.41 fux]|571.25 hux|[1924.18 hug]

Quantity

Seating Area Ave. Lux: 323 lux

8500mm
1750mm 5000mm . 1750mm
]
] : ] y
ol 1763 1877 1917 1924 1917 1877 &. 1ha 3
g,
148 1130 178 1192 178 130 1082 8W E NORTH
b -g===- Daight (1Lx)
Mar 21 10:00
~
=)
S
=)
3 1900.00
3 1800.00
| 170000
1600.00
1500.00
1400.00
1300.00
120000
1100.00
- - - - .. 1000.00
900.00
00,00
) 700.00
3 600.00
3 00,00
3 400.00
Q 300.00
= 20000
100.00
| 0.00
1 ]
L L]
Figure 4.54: llluminanc I Si ,Wm.;ﬁWSlII Height 600mm

N
The illuminance level ulaion resul for Qm@dow sill height in figure 4.54
, Sy & & .
shows that the claswn av il man@} evel was 571 Ix with the average
illuminance levelM the eatir@a at 323 Ix. Even though the uniformity

: >y L :
ratio was 0.7, \den ' deat area évarage illuminance level was higher than 280

whic &[ ac&e ablg'for Ar handwriting tasks as identified in Experiment
4
e, and T

m hree. Suggesteg:ggt. even though the uniformity ratio was acceptable,
t:Mght intensity was high due to higher window sill and window head height.

S

I,
On
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8500mm

wwooot

wiwoose

7000mm

wwoose
wwooot

1.9m

Fi e‘hS Si Mo ‘I"Mmdowsnl Height 600mm

Figure @ Qtlon eI for the classroom with 700mm window sill

gb&ne window head helgk S at 1.9m, where the simulation model section shows

t@*nance area was 1.6m above the 300mm working plane height.
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I Values | Window Sill Height  : 700mm
Min. ] Ave. II Max. l Classroom Ave. Lux :597 lux

Daylight factor 12% 49% 15.6%
Daylight illuminance||141.73 lux||396.76 lux||{1896.55 lux

Quantity

Seating Area Ave. Lux: 362 lux

8500mm

1750mm | 5000mm . 1750mm

-

|

i

o e 17 tme t8m 1897 lem 1843 1732 1491 1

&

'
1
B
) NORTH

uibiew wig

901 1081 1155 1206 1221 1206 1155 1056 901

Daylight (lux)
Mar 21 10:00

1800.00

1700.00
1600.00
1500.00

1400.00
1300.00
1200.00
1100.00
U P 1000.00

900.00
800.00

w00/

) 700.00

1056 1155 1206 1221 1206 1155 105 901 3 600.00

— — 3 500.00

) : o 400.00

1811431 1732 1848 1831 1897 1891 1848 1732 1451 W7 S 300.00
1 1 = 200.00
1 [ 100.00
0.00

Figure 4.56: Hlumi nce Level mmﬁﬁ Wi@w Sill Height 700mm

00m indow sill height in figure 4.56

The illuminance level Si n result for
b g &)
umina\§a' level was 597 Ix. Meanwhile, the

shows that the clasSteom’s a\‘e 1

average illumin% 1 withi 'tudelt-}&/eating area located within the 2m margin
¢

)

iformity_ra Ocas@e same with previous simulation with lower

N
windowgsi ight, W ‘35 0.7=However, the students' seating area achieved an

was 362 Ix.

L 9
avemgNuminance level hi@‘fhan 280 Ix, which was not acceptable for Arabic
h iting tasks. The assumption was similar with simulation for window sill height
t 600mm, where the window sill and window head height influenced the daylight

tensity at working plane 300mm.
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8500mm

wwooot

wuwoose

7000mm

Whiteboard Area

wwoose
wwioooy

FigUFed.57) Simu "’o‘;nuvlg_o_%.w‘wmdow Sill Height 800mm
Q? &
: ) )
Figureyd. ows ti{a ulﬁtiontgnodel for the classroom with 800mm window sill

N
he'w\, ile the window head*lﬁaght was 2m. The simulation model section shows the

@nce area between the window height and the working plane 1.7m above the

bﬁmm working plane height.
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N Window Sill Height  : 800mm
Min. Ave. Max. Classroom Ave. Lux :610 lux

Daylight factor  |[13%  |[3.0%  |[149%
Daytight illuminance|[161.38 hux] [610.41 fux][1806.50 fus

Quantity

Seating Area Ave. Lux: 391 lux

8500mm

1750mm | 5000mm . 1750mm

g

] @

)

5 NORTH
" -- - Daylight (lux)

Mar 21 10:00

wwoooL

1500.00
1 1400.00
1300.00
1200.00
1100.00
1000.00
- 900.00
800.00
700.00
§00.00
500.00
400.00
300.00
200.00
100.00
0.00

1
Figure 4.58: Hlumi nce Level mmﬁf Wi@w Sill Height 800mm
Kn

Odm@indow sill height in figure 4.58

&

level was 610 Ix. Meanwhile, the

3 1800.00
1700.00
1600.00

939 1093 1197 1251 1265 1251 1197 1099 933

uiblew wg

The illuminance level result for

shows that the c’l@n’s ave

average illumin% el withi
e

seating are eved an avera

ratio at 0.7 ich the e illuminance level was still not acceptable for Arabic

Y—v
hanw&g tasks. This also s\lf@vﬁ that higher window sill height and window head

N

studﬁ?-r?ss" seating area was 391 Ix. The students'

|I{Jn'(r_1)€1 ce level higher than 280 Ix with uniformity
N

creases the average illuminance level in the classroom.
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8500mm

wwooor

wiwoose

7000mm

wwoose
wwooor

Modé%’(;indow Sill Height 900mm

Fi@w: Si
Figure %kws the Sim ‘gtion m?del for the classroom with 900mm window sill

heiqm uminance area wasd%@?n. above the 300mm working plane height as shown
\

N

imulation model section.
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Quantity e Window Sill Height  : 900mm
A Min. ] Ave. l Max. Classroom Ave. Lux :617 lux
Daylight factor  [[14%  [5.1% [139% |
— Seating Area Ave. Lux: 430 lux
Daylight illuminance||173.43 hux||617.00 fux||1690.41 hux]
8500mm
1750mm | 5000mm . 1750mm
E)
é @
&
5 NORTH
= s Daylight (lux)
Mar 21 10:00
~
o
o
o
3
3 ! 1600.00
1500.00
- 1400.00
1300.00
1200.00
1100.00
1000.00
- . - e = oe 90000
800.00
700.00
N 600.00
923 1082 1184 1241 1259 1241 1184 1082 923 =l 500.00
3 400.00
3 300.00
= 200.00
100.00
| 0.00
[ | 1
- - v - - i - -
Figure 4.60: IIIumlnan(?&vel i n; Wl@w Sill Height 900mm
The illuminance Ievel%‘n result for Odmﬂbindow sill height in figure 4.60

g
shows that the clas m’s avir \H~].u ina vel was 617 1x, where the average
illuminance level within the seatt?%,"a’rea was 430 Ix with 0.7 uniformity ratio.

|
¢
Since the ave%llum anc ae' h&m than the identified 280 Ix, the classroom

- \ - - . -
layout d% s also not }eptabléfbr Arabic handwriting tasks. This strengthen the
L 9

sugg&that higher window sill*height and window head height increases the average
@3

i \hnce level of the classrooms when the working plane height was at 300mm.
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4.6.2 Simulation Discussion and Analysis

The illuminance level simulation results for different window sill hENCWs
i

a significant relationship between the window sill height, window head & ght#and the

average illuminance level measured at 300mm working plane heiYwHere higher
window sill increases the average illuminance level as shown i ure'4.61 and table

4.34. The results and findings of the computer simulation ifigobjective three of the

research, which was to recommend the optimum wi ill eingoor level
that achieved acceptable illuminance level at 300m ight working plane. ’ \Y'
1.5
" S A——,

-qf
/
ﬁ
e

Window Sill Height {mm) /
Average llluminance Level (lux)
£y
]

rage llluminance Level (lux)

with Average Illuminance Level

iIIuminw%k ithin th ;e tinq@rea below 300 Ix, which were 300mm, 400mm
and w XY

ith an average il La)d.nance level of 223 Ix, 254 Ix and 284 Ix respectively.
T #@ective window head height of the simulations was also taken into consideration,

I
\
e it was 1.5m, 1.6m and 1.7m. Thus, the recommended window sill height for

assrooms that requires the students to perform Arabic handwriting tasks at 300mm

working plane height ranged from 300mm to 500mm.
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Table 4.34: Computer Simulation Results

No.

Window Sill Height (illustration)

Window
Sill Height
(mm)

Window
Head
Height
(mm)

7000mm

1 | . | 300 15 3

Whiteboard Area N '
2 : §]40 16 \ 3
: @

7000mm

WWINOSE

Wiwipoot

Whiteboard Area

Luminance area

WWNOSE

WL000t

4

323

7000mm

Whiteboard Area

,,,,,,,,,,,,,,,,,,,,,,,,,,,

Wwioose

W00t

) g -
._P(w

362

20m

7000mm

WWIDOSE

W00t

391

soomm

FO00mm

Whiteboard Area

Luminance area

Wwpose

AAAdd |

wwgoor

900

2.1

430
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4.7 Summary

Experiment One result shows that very high students’ avera\gtzc
handwriting performance of 15.7 wpm was in a classroom with averaﬁ l:ﬂuainance

level of 280 Ix, which was 6.7 per cent lower than 300 Ix recommended in standards
and guidelines. This explains that the average illuminance Ieve{i;t;mm Arabic
handwriting performance was lower than 300 Ix. Experim ntWows that average
ssrooms with 900mm
window sill height received higher than 300 Ix. Thus, il Iy&gé!d itrthe
e ,é} TS
simulation, window sill height of 900mm was not le for Arabic andwr‘rﬁng tasks
at 300mm working plane height. Experiment?e'et \ha( i
300mm as recommended in the simulatio(s@*hat 'tmas il not
handwriting tasks at 300mm workinm he.%

smaller margin gap between @ aae%’ﬁ
ppr

illuminance level to be very higk

illuminance level measured at 300mm working plane hei

sm‘igassroom size and

i@'}/\/ caused the average
L

N
The simulation results §how that the average Idmi@ce level received with a window

k4 b o
sill height of BOOme
Classroom witréwn Wi

were IX, 254 Ix, and 284 Ix respectively.
¢

!
illuminance c‘wed to the s géteﬂjfﬁ) Ix from the experiment, while classroom

with 40 %ow‘sib%h rec@\ed 9.3 per cent lower average illuminance level.

-

%ﬁ was only 1.4 per cent higher than suggested 280 Ix. Therefore, the range of
ble window sill height was between 300mm to 500mm for Arabic handwriting

S
sks at 300mm working plane height.

| he&&/received 20.4 per cent lower average

assroom with SOO@_I’nWindow sill height received the closest value to 280
N
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