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Abstract - The importance of student’s satisfaction in school is to highlight the parameter that related to physical of 
buildings and learning area. Natural lighting is important to human where the daylight shall cause visual discomfort and 
performance in classrooms. Due to address the issue, the acceptable illuminance level is needing to be identified to increase 
performance in occupants’ satisfaction. Illuminance level in learning spaces should not be neglected where in the form of 
human values, comfort and culture are to be focused as a main criterion in student’s performance. Daylighting in an 
educational space can be improved in order to enhance the student’s performance and promotes a better health and 
performance due to suitable level of visual comfort. The aim of this study is to investigate the student’s performance in 
classroom with minimum performance zone in minimum Window-to-Wall Ratio (WWR). The physical conditions; WWR of 
less than 25%, to 40% of typical of classroom and illuminance level that ranged from 300-400 lux were identified to be 
sufficient daylight level. Pilot studies have been conducted in typical classroom of KolejPermataInsan where the effects of 
acceptable illuminance level that contribute to visual performance is identified. Qualitative survey has been conducted on the 
student’s perception toward visual comfort and obtaining the comparison on performance from visual test. The illuminance 
level for the classroom was recorded using an LED data logger. Findings from the case study showed less than 20% 
openings in classrooms affect students minimum acceptable of illuminance level. There will significant contrast between 
internal luminance to external luminance if WWR is more than 70%. While the ideal WWR for classroom should be not 
more than 40% to achieve the optimum performance zone and acceptable illuminance level. The findings contribute towards 
the identification of an acceptable visual comfort ranges for students and design recommendations for optimum performance 
zone in a classroom in Malaysia. 
 
Keywords - Keywords-visual comfort, acceptable illuminance level, performance zone, daylighting, classroom. 

 
I. INTRODUCTION 
 
Throughout the history of learning space design, 
especially in 19th century, the evolution of the space 
influenced by a few variables such as construction 
technology, government’s policies, educational 
systems and many others. The design started with a 
single room building where the students are in one 
house and learns in a typical educational system, the 
term introduced by Robson (1874) was ‘School 
House’ [1]. After the years, integration of learning 
spaces with a larger institutional body with larger 
accommodations starts to become more viable due to 
increment of number of students in a classroom.  
Usually the classrooms will be held in a large open 
plan area such as church’s hall and community hall. 
Afterwards, typical modern schools are designed, 
which have a few classrooms in a single building that 
also caters for different education.  The typical design 
changed when the educational system starts to change 
from students learning in one huge space into a 
smaller group of students [1]. 
 
II. LITERATURE REVIEW 
 
2.1 Student’s Performance 
Efficient illuminance level through optimum 
daylighting in learning space can affect student’s 
performance [2, 3, 4]. According to Heschong, a 

statistic investigation of standardized test scores of 
students shows that daylighting influences human 
behavior as well [2]. Mirrahimi stated that the 
student’s health and performance can be increased by 
providing a sufficient natural lighting [4]. 
Shishegar stated that the student’s alertness, cognitive 
performance, attention span and moods in classroom 
can be improved by optimizing natural lighting [5]. 
Al-Sallal through his findings in a classroom in 
United Arab Emirates (UAE) stated that the depth of 
the influence the daylight distribution [6]. Even 
though the Window-to-Floor Ratio (WFR) exceeds 
20%, the daylight distribution is not acceptable due to 
the large depth of the classroom’s layout design. 
According to Ibrahim, a sustainable element such as 
daylighting in classrooms can increase the student’s 
performance if it is operated sustainably [7]. A study 
by Vi Le in a green school shows that the classrooms 
received mean illuminance level above recommended 
of 300lux, thus acceptable for teaching and learning 
[8]. According to Samani, inadequate illuminance 
level in classrooms resulted in sleepiness and loss of 
focus among the students [3]. 
 
2.2 Ranges of Preferred Illuminance Level and 
Discomfort Glare 
Currently the range of preferred illuminance level in 
Malaysia is not well address especially for students 
with visual discomfort. Currently the guideline only 
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provides for offices and the design of school are 
following the range of office illuminance level and by 
activities and task such as reading and writing. There 
are guidelines and design practices reported only 
emphasize the minimum glazing factors of 2% when 
there were 75% occupied areas in a space [9]. Several 
standards and guidelines in Malaysia are only 
considered when the electric lighting is used. 
Lighting quality as outlined in Malaysian Standard 
1525:2014 (MS: 1525:2014) is referring to this code 
of lighting practice to provide sufficient indoor 
lighting [10]. Table 1 shows the recommended 
average illuminance level which is referred to current 
design condition. 
 

TABLE 1: RECOMMENDED AVERAGE ILLUMINANCE LEVELS 
(DEPARTMENT OF STANDARDS MALAYSIA, 2007) 

Guideline Task Illuminan
ce (lux) 

(Malaysian 
Standard 1525) 

Lighting for working 
interior 

300-400 
(General 
Office) 

Chartered 
Institution of 
Building Services 
Engineers 
(CIBSE) 

Lux for interiors where 
visual tasks do not 
require perception of 
detail, e.g., foyers and 
entrances 

200 

 

for interiors where 
visual tasks are 
moderately easy, e.g., 
libraries, sports and 
assembly halls, teaching 
spaces, and lecture 
theatres 

300 

 
Generally, the designer is using recommended 
illuminance levels for various tasks that is daylight 
factor (DF) between 1.5% for effective daylit office 
spaces, even though this DF is high for Malaysia 
[11]. However, according to Lim, lighting quality 
standards in Malaysia do not emphasize other factors 
such as illuminance uniformity, luminance value, and 
luminance ratio. According to Elina, indoor lighting 
has an impact on occupant’s satisfaction with their 
workspace and is desired for work environment 
accordance with office task [13]. Fadli et. al, 
identified that visual discomfort exists in buildings 
such as glare due to too much brightness of the 
working area [14]. According to Educational 
Facilities Manual, the intensity of illuminance level 
for basic task in classrooms is 215 lux to 430 lux 
[15]. The table below shows the average mean 
illuminance level for common tasks in a classroom. 

TABLE 2: ILLUMINANCE LEVEL BASED ON TASKS 

Task Illuminance 
Level (fc) 

Illuminance 
Level (lux) 

Reading printed material 30 323 
Reading pencil writing 70 753 
Reading good duplicated 30 323 

materials 
Reading poor duplicated 
materials 100 1076 

 
III. WINDOW INFLUENCING VISUAL 
PERFORMANCE INVESTIGATION 
 
According to Chatelet, there was a movement of an 
open-air design introduced in Europe. The concept 
emphasized the natural ventilation and daylighting in 
a classroom by designing an open classroom without 
any solid walls [1]. 
 
Educational Facilities Manual Philippines has 
recorded that one of the factor that influences the 
intensity of the illuminance level in a classroom is 
natural illumination that comes from windows and 
openings [15]. According to ZUMTOBEL Lighting 
Handbook, natural lighting can also cause ‘Triple 
Effect’ as shown [16]: 

 
 Light for visual functions. Illumination of task 

area in conformity with relevant standards, glare-
free and convenient 

 Light creating biological effects. Stimulating, 
relaxing and supporting people’s circadian rhythm  

 Light for emotional perception. Lighting 
enhancing architecture, creating scenes and effects 

 
Low ceiling and deep plan classroom layout design 
causes ununiformed daylight distribution. This 
resulted in differences of performance zone in the 
classroom where the daylight amount received is 
higher nearer to windows. According to Al-Sallal, a 
low ceiling and deep plan classroom layout design in 
United Arab Emirates (UAE) causes a few issues 
such as [6]: 

 
 Contrast of luminance between task surfaces 
 Brightness from too much light source from 

window 
 The daylight distribution is not uniform 
 
Barret and Zhang mentioned that the height of the 
window or location should be high on the wall to 
distribute daylight to the deepest side of the 
classroom [1]. According to Mathalamuthu, the mean 
illuminance level in a Malaysian Public Works 
Department (JKR) standard design classroom layout 
achieve the MS:1525:2014 recommendation of 
minimum 3% Daylight Factor under average outdoor 
illuminance level in Malaysia. The minimum indoor 
illuminance level based on MS: 1525:2014 Daylight 
Factor is 570 lux [17]. 
 
According to Christoffersen, skylight or window roof 
is an effective daylighting component for efficient 
illuminance level distribution in a classroom [18]. 
Mirrahimi stated that 15% to 20% Window-to-Floor 
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Ratio (WFR) for a classroom is sufficient for 
acceptable illuminance level [4]. The Uniform 
Building by Law 2013 (UBBL) requires minimum of 
20% of WFR for learning spaces [19].  
Daylight Factor is a daylight calculation of ratio 
between oudoor light level and indoor light level. The 
formula is as shown below. 

DF= (Ei/Eo x 100%) 
 
Researchers and MS: 1525:2014 stated that sky 
condition in Malaysia is intermediate with the 
illuminance level [10, 11]. The average outdoor 
illuminance level in Malaysia is 19,000 [20].  
According to Malaysia Standard 1525:2014 
(MS1525:2014), a space requires 1% to 3.5% of 
Daylight Factor [10]. 

 
IV. CASE STUDY FOR PERFORMANCE ZONE 
USING READING TASK 
 
Classroom PNP-A1-001, KolejPermataInsan, was 
selected to be as the case study in order to investigate 
the acceptable illuminance level and optimum zone to 
perform visual task. This building is located on the 
ground which is close to the school’s mosque. The 
distance between the outdoor window of the class to 
the mosque’s wall is 7.3 meter apart. Figure 1 shows 
the floor plan of the selected classroom for the study, 
PNP-A1-001. The floor area is 59.5m2 with two doors 
and a window on the both side. The Figure also 
shows the indication of the classroom zones, which 
are Zone A for whiteboard area, Zone B for window 
that are facing the outdoor and Zone C for window 
that are facing the corridor.Figure 2 and 3 shows the 
wall that have windows that are facing the outdoor 
and the corridor respectively. The Window-to-Floor 
Ratio (WFR) of this classroom is 14%, which is less 
than recommended by Malaysian Public Works 
Department (JKR) standard of 20%. 

 
Fig 1:PNP-A1-001, ground floor plan. 

 
Fig 2: PNP-A1-001, Zone B elevation. 

 
Fig-3 PNP-A1-001, Zone C elevation. 

 
The design of the window is without any external 
shading device as well as internal blinds. The glass 
window is without any glazing. The position of both 
side windows is 900mm height from floor level. 

 
4.1 Findings from the Case Study 
As stated by Yakubu, his findings on an optimal 
performance zone, the rule of thumbs by O’Connor et 
al. (1997) was utilized to evaluate the optimum task 
performance [21]. Other researchers have identified 
the ranges of acceptable illuminance level for a 
learning space is 300lux to 500lux in reading and 
writing task. 
 
To measure the mean illuminance level of the 
classroom, a luminance spot measurement using an 
LED data logger on grid of 1m by 1m [17] at task 
level has been established [22, 23]. Figure 4 below 
indicates the position of the data logger, the grid of 
the classroom and the illuminance level of the point 
measurement. 
 
As shown in Figure 4, the lowest lux level indicated 
by point measurement in the classroom is 231 lux, 
with the mean illuminance of 281 lux, lower than 
recommended. The Optimal Performance Zone is 
2.25m from the window within Zone B based on 
acceptable illuminance level for reading and writing 
task. The average illuminance level for the Optimum 
Performance Task Zone (OPTZ) is 340lux. 
 
However, students are seen to be satisfied with the 
lux level at working plan illuminance during 
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performing the reading task even though the 
buildings were unable to meet the minimum 
acceptable lux for classrooms. 

 

 
Fig 4: PNP-A1-001, mean illuminance level. 

(Source: author) 
The data logger is placed in nine locations across the 
layout, with the distance from the window is 2.25m. 
Accoring to Mathalamuthu, the acceptable 
illuminance level in a classroom is achieved from 2m 
to 3m distance from the window [17]. 

 
Fig 5:PNP-A1-001, Task Performance Zone. 

According to MS: 1525:2014, a space requires a 
minimum of 1% Daylight Factor [10]. This case 
study shows that the Daylight Factor in the classroom 
with the average outdoor illuminance level of 
19,000lux is 1.5%, achieving the recommended 
percentage. As shown in Figure 5, the Optimal Task 
Performance Zone (OTPZ) is nearer to the Zone B, 
where the windows are located facing outdoors with 
the nearest obstruction 7.3m from the external wall. 
The Non-Optimal Task Performance Zone (NOTPZ) 
is larger and nearer on the Zone C, where the 
windows are facing towards a solid wall across the 
corridor. 

 
V. VISUAL PERFORMANCE TEST IN 
CLASSROOM 
 
The visual test established in this study is based on 
test of visual acuity by using a Snellen Eye Chart. 
However, to increase the accuracy of the acuity test, a 
modified Logarithm of the Minimum Angle of 
Resolution (LogMAR) chart has been devised. Figure 
6 shows the adaptation of Anter’s method, where the 
LogMAR chart consist of ten lines of random letters 
with the same numbers of characters. These 
characters are visually similar such as D, C and O or 
R and K [24]. The font used is Calibri bold with 
double spacing for each letter. The font size ranges 
from 4 to 36 points. 

 
Fig 6: LogMAR chart for acuity test. 

The participants for the visual test consist of 30 
students of KolejPermataInsan aged 14 years old, 
with 50% male and 50% female. 16 out of 30 
students participating in the visual test uses visual 
aid, equivalent to 53%. The students are arranged in 3 
rows with 10 students in each row. 

 
Fig 7:Student’s sitting arrangement. 
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Figure 7 shows the student’s sitting position in the 
classroom relating to the classroom’s layout design. 
The students are required to read and rewrite the 
LogMAR chart in order. The questionnaire that 
follows the LogMAR chart is provided to identify the 
student’s reading and writing performance based on 
time recorded in the current illuminance level of the 
classroom. 
 

 
Fig 8: LogMAR Chart acuity test result. 

 

 
Fig 9:LogMAR Chart rewriting test result. 

 
Figure 8 shows that 23 students (77%) responded that 
they can read the LogMAR chart clearly and 22 
students (73%) can rewrite it clearly, despite the 
mean illuminance level is lower than recommended 
level.  
 
Figure 9 shows that 19 students (63%) rewrite the 
LogMAR chart within 1min to 1min 30sec, 6 students 
(20%) rewrite less than 1min and 4 students (13%) 
that rewrite more than 1min. 
 
RESULTS AND DISCUSSION 
 
There are 9 students that are positioned in the 
classroom’s Optimal Task Performance Zone (OTPZ) 
in Zone B during the study. The mean illuminance 
level of the OTPZ is 340 lux, which is acceptable for 
reading and writing task. Meanwhile in the Non-
Optimal Task Performance (NOTPZ) there are 21 
students positioned. The mean illuminance level of 

NOTPZ is 268 lux, less than required for reading and 
writing task.  

 
Fig 10:LogMAR Chart test reults in OTPZ. 

(Source: author) 
 
Figure 10 shows that 6 students (67%) in the OTPZ 
highly agreed that they can read the LogMAR chart 
clearly and only 3 students (33%) of them are neutral. 
Among the 9 students in OTPZ, only 2 students 
(22%) highly agreed that they can rewrite the 
LogMAR chart clearly. Other 4 students (44%) 
identified that they agreed they can rewrite the chart 
clearly, meanwhile 3 students (33%) are neutral. 
 
Even though the mean illuminance level is below the 
recommendation, Figure 11 shows that for reading 
task, 8 students (38%) in the NOTPZ highly agreed 
and 6 students (29%) agreed that they can read the 
chart clearly. Only 4 students (19%) are neutral and 3 
students (14%) disagree. More than half of the 
students in NOTPZ can read the LogMAR chart 
clearly. 
 
A different result was obtained from the 
questionnaire based on writing task, where only 4 
students (19%) are highly agrees that they can rewrite 
the LogMAR chart clearly and 8 students (38%) 
agreed. Another 4 students (19%) are neutral and 5 
students (24%) disagreed.  

 

 
Fig 11:LogMAR Chart test reults in NOTPZ. 

(Source: author) 
More than half of the students in the NOTPZ can read 
and rewrite the chart clearly shows that the mean 
illuminance level of 268 lux is acceptable for 
student’s performance. 
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The average time taken for all the students to rewrite 
the LogMAR chart in the classroom is 1min 22sec. 
Based on the student’s performance in OTPZ, the 
students rewrites the LogMAR chart in the mean of 
1min 27sec meanwhile the students positioned in 
NOTPZ have a mean of 1min 20sec.  
This shows that the students positioned in the OTPZ 
performance less better than the mean of the entire 
classroom and the students positioned in NOTPZ. 
 
CONCLUSIONS 
 
The study shows that the recommended illuminance 
level by MS: 1525:2014 of 300 lux to 400 lux is 
acceptable for visual comfort of the students in the 
classroom. However, the study also shows that 
students positioned in the OTPZ with illuminance 
level higher than 300lux have a less writing 
performance compared to the NOTPZ with lower 
illuminance level. The recommended illuminance 
level may be acceptable for visual task, but it is not 
acceptable for writing task in a classroom. This 
requires a further study to identify the ranges of the 
acceptable illuminance level for student’s writing task 
and performance in a classroom. 
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