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Abstract 

Daylight in classrooms is a critical factor in school design, in terms of its impact on students’ health, learning and visual 

performance. Providing adequate amount of evenly distributed daylight and glare prevention are important challenges in 

classroom design. Window configuration significantly affects the intensity and uniformity of daylight. This paper aims to 

investigate the effect of window configuration on daylight performance through parametric analysis. Different window 

configurations such as window to wall ratio, incorporating light shelves and roof monitors have been analyzed on a typical 

south-east facing classroom in Kashan based on results from DesignBuilder Radiance simulation which has first been 

validated against field measurements. Daylighting credits of green building rating tools; Leed EQ 8.1 and BREEAM HEA1 

have been used as indices for evaluating and comparing different window configurations. Results show that by increasing the 

window-wall-ratio to 35, 40 and 50% and by installing a roof monitor, the daylight credits of the BREEAM and LEED could 

be achieved respectively. According to the fact that none of these window configurations have reached the standards required 

by both rating tools, the authors believe that a combination of installing monitor roof and light shelves and increasing 

window-wall-ratio may result in enhanced daylight levels. 

Keywords: Daylight performance, Window configuration, Classroom, Daylight metrics, Daylight credits. 

 

1. INTRODUCTION 

Daylighting as a visual sensory element of physical interior 

environments [1] is a predominantly critical issue in school 

design. Since reading and writing are the most important 

tasks that take place in schools, visual performance is 

considered the main outcome for lighting design [2] and is 

defined in terms of speed and accuracy of processing visual 

information [3,4]. Moreover, daylight can influence reading, 

task involvement, productivity [5, 6], sense of wellbeing, 

mood and health, comfort, perceptions of space, emotions, 

students‟ experiences and behaviors [1] and therefore is a 

critical factor in school design. The objective of this paper is 

to firstly introduce different window configurations for 

daylighting in classrooms and useful daylight metrics 

through literature survey and secondly, to evaluate daylight 

performance of different window configurations using green 

building rating tools. To achieve the aims mentioned above, 

parametric analysis has been done using DesignBuilder 

Radiance daylighting simulation engine. 
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The main goal is to adopt strategies which would enhance 

daylight performance without increasing construction and 

operation costs in schools. 

2. METHODOLOGY 

The research methodology conducted in this study 

includes three steps: literature review, software validation and 

parametric analysis. First, different configurations of 

windows, common static daylight metrics and daylighting 

credits of green building rating tools have been discussed 

through literature review to evaluate daylight performance. 

Second, the appropriate software for the objectives of the 

study has been selected and validated against experimental 

data prior to parametric analysis. Third, simulations were run 

to find out how daylight performance within a space changes 

as a function of the window configurations. Indeed, the 

authors have simulated different window configurations to 

compare and assess daylight performance through daylight 

metrics and green building rating tools. 

2.1. Literature Review 

2.1.1. Window configurations 
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The design of openings becomes much more complex 

in climates with clear and sunny sky. Configuration of 

openings can modify the intensity and distribution of 

daylight to create appropriate luminous environments [3, 

7-10]. The configuration of windows is dealt with in 

greater detail in the following.  

 Sidelighting; although the most common way to 

introduce daylight into a space is via side openings, a 

critical issue in side lit spaces with a single aspect, 

common in classrooms, is the fact that daylight 

contributions are not uniform, falling off rapidly as one 

moves away from the opening [3]. 

 Window location; the intensity and distribution of 

daylight improves with higher glazing positions [3, 11, 

12]. 

 Window to wall ratio (WWR); the daylight distribution 

is also affected by greater areas of openings, extending 

daylight zone [3, 11, 12].  

Another paper has studied the effect of window size on 

sunlight presence and glare in a private office room of a 

typical size [13], showing that perceived glare rises from 

1.4 to 4.7 as the window area increases from 20% to 50% 

of the wall area, and then decreases as the window size 

increases beyond 50%. The International Building Code 

and British Standard BS 8206 have also recommended 

minimum window areas, with the former requiring 

minimum net glazed area not less than 8% of the floor area 

of the room and the latter recommending minimum 

window area of 20% of the external window wall for a 

room measuring less than 8m in depth and 35% of the 

external wall for rooms deeper than 14 m. In a study done 

for an office room in Iran, the most appropriate options for 

WWR (window wall ratio) are 30%, 35% and 40% [10]. 

The amount of daylight has also been assessed in north 

and south facing rooms in Turin, north-west Italy with 

different window size, concluding that 40% WWR is 

sufficient to guarantee „useful‟ daylighting [14]. An 

interesting article has assessed the variation of daylight 

factors depending on the shape, size and position of the 

opening [15].  

 Window glazing; the importance of window glazing on 

energy and daylighting performance of buildings and 

various optimization techniques in choosing window 

glazing has been studied in this paper [14, 16]. 

 Lightshelves; another strategy to maximize daylight 

distribution is to incorporate light-shelves to bounce 

daylight back into the interior [11] while protecting the 

front part of the room from harmful visual effects of 

direct sunlight [3, 17].  

 Rooflighting and clerestories; apertures of day lighting 

are not only side lighting windows but also skylights 

and clerestory windows which allow daylight to 

penetrate deeper into the space [3].  

Roof monitors and light shelves are the most 

appropriate daylighting strategies in schools [9]. These 

strategies have been evaluated through simulations [18, 

19] and field studies [20, 21] in classrooms. According to 

Guide for Daylighting Schools [22], roof monitors that 

include vertical south-facing glazing, interior baffles and 

overhangs with proper size have many advantages; they 

create uniform lighting throughout the space, heat the 

space passively by allowing more radiation to enter the 

space in the colder months; provide filtered and diffuse 

lighting and eliminate contrast and glare. Nevertheless, the 

biggest problem of roof monitors is that they can only be 

applied in single story buildings or in the last floors of 

buildings. Although south-facing lightshelves have some 

weaknesses, they are the next best solution since they are 

less expensive than monitors, they shade view glasses 

which are located below them and easily bounce daylight 

to the back of the classrooms [22]. Using lightshelves, 

achieving uniformity becomes difficult since the all of the 

light comes from one side of the classroom. In rooms more 

than 6 meters deep, there is a significant decline in light 

levels, which causes contrast between the brighter glazed 

wall and the opposite side of the room. According to 

Guide for Daylighting Schools [22], appropriate amount of 

glazing is 8%-11% of the classroom floor space in order to 

have enough amount of daylight for both strategies. 

2.1.2. Daylight metrics 

Over the past decade, many metrics have evolved for 

measuring daylight, which can be categorized into two 

main groups: static metrics and dynamic metrics. Static 

metrics (moment-in-time based metrics) include daylight 

factor, view to the outside, the avoidance of direct sunlight 

[23], uniformity, and illuminance [24] while dynamic 

metrics include daylight autonomy (DA), continuous 

daylight autonomy (cAD), useful daylight index (UDI), 

spatial daylight autonomy (sDA) and annual sunlight 

exposure (ASE). The main difference between dynamic 

metrics and static metrics is that they consider 

meteorological data, the quantity of daylight and daily and 

seasonal variations of daylight throughout the whole year 

for a given building [25]. Among all static metrics, outside 

view through window could only be assessed through 

subjective measurements and questionnaires, while 

avoidance of direct sunlight can be analyzed by both 

subjective assessment and dynamic metrics. As we rely on 

measurement and simulation with static metrics, only 

daylight factor, uniformity, and illuminance could be 

applied in this study, which is discussed in the following. 

1. Daylight factor (DF%): DF is the simplest and the 

most common metric to quantify the daylight allowed 

by a window, as it expresses the potential illuminance 

inside a room in the worst possible scenario under 

overcast sky conditions, when there is less exterior 

daylight [16]. Although daylight factor is entirely 

independent of orientation, time of day and climate, its 

calculation simplicity makes it the most widely 

accepted daylight metric as the predictions are easy to 

communicate within a design team [26]. Daylight 

factor supporters argue that the overcast sky is the 

worst case sky condition and therefore any other sky 

will lead to more daylight in the space. According to 

Norwegian Green Building Council and BRE Global 

“The average daylight factor is the average indoor 

illuminance (from daylight) on the working plane 

within a room, expressed as a percentage of the 
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simultaneous outdoor illuminance on a horizontal plane 

under an unobstructed International Commission on 

Illumination (CIE) Standard Overcast Sky” [27]. 

Minimum and average daylight factor for classrooms 

have been defined as 2% and 5%, respectively [3].  

2. Illuminance: is the amount of light falling on a surface 

per unit area, measured in lux [27]. Othman et al and 

Balocco et al [6, 28-30] have recommended average 

values of 750, 500, 500 and 300-600 and lux for visual 

tasks in classrooms, including reading and writing 

respectively.  

3. Uniformity: which is defined as the ratio of the minimum 

daylight factor to the average daylight factor within the 

space [27, 31] creates a uniform distribution of 

illuminance and luminance [32]. Many lighting standards 

require a uniformity ratio of 0.8 (minimum/average) or 

0.7 (minimum/maximum).  

2.1.3. Credits of green building rating tools 

Credits of green building rating tools, such as LEED 

and BREEAM, clearly illustrate whether daylight 

performance of each configuration reaches the required 

amount of each metric or not. These credits are applied to 

assess overall daylight quality.  

1. LEED NC-v.2.2 EQ 8.1: requirement for LEED 2.2 EQ 

addresses a minimum daylight illumination of 25 foot 

candles to be achieved in at least 75% of all regularly 

occupied areas [33].  

2. BREEAM HEA1: The BREEAM Health and Wellbeing 

Credit, HEA1, pass requires that both the following 

conditions are met: 1. For pre-schools, schools and 

further education colleges, at least 80% of floor area in 

occupied spaces should be day lit, having an average 

daylight factor of 2.25 at the height of 0.8 meters for a 

multi-story building in a city with latitude less than 40. 

2. A uniformity ratio of at least 0.4 (spaces with glazed 

roofs, such as atria, must achieve a uniformity ratio of 

at least 0.7 or a minimum point daylight factor of at 

least 1.4%) [27]. 

2.2. Software Validation 

For the purpose of this study, the DesignBuilder 

simulation software has been selected, which is able to 

plot daylight contours, average daylight factor and 

uniformity outputs for each zone, using the integrated 

radiance daylighting simulation engine. To ensure the 

accuracy of simulation results, they have first been 

validated against field studies. 

2.2.1. Field measurements 

A typical three floor school building in Kashan, Iran 

(33° 58' 59" N / 51° 25' 56" E) has been selected as the 

base model. Kashan is one of the cities of Iran with clear-

sky conditions and good daylighting potential due to its 

 

low latitude and geographical condition. Based on the 

meteorological statistics, reported by Kashan Weather 

Station, the sky of Kashan is 67% clear, 23% partly-cloudy 

and 10% cloudy during a year [34].  

The school is oriented toward north-west and south-

east with classrooms lined up on both sides of a central 

corridor. A south-east classroom in the second floor was 

selected for modeling and measurements (Fig. 1 and 2). 

30% of the classroom‟s side wall area is covered with two 

windows to provide natural daylight. The floor plan and 

section of the class are presented in Fig. 3 & 4. 

 

 
Fig. 1Top view of the school building 

 

 
Fig. 2 Right, base Case classroom 

 

Measurements were carried out on a sunny day (May 6, 

2014). The illuminance levels were measured by ST-1301 

Light meter (accuracy: ±5% ±10d (<10,000 Lux/fc)) in 16 

points (1.2 m*1.5m grid) on the table surfaces (0.75 meter) 

every hour from 8:00 am to 01:00 pm. To achieve more 

reliable results, the lights were turned off and the curtains 

were drawn back. 

2.2.2. Base Case modeling 

The classroom has been modeled with approximate 

resemblance to real conditions. The surfaces optical 

properties are presented in Table 1. 
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Table 1 Model optical surface properties 

Building 

element 
Surface optical properties 

Window Double glazing, 0.78 light transmission 

Ceiling 85% reflectance 

Internal wall 75% reflectance 

Floor 60% reflectance 

External Wall 45% reflectance 

External ground Asphalt, 7% reflectance 

2.3. Parametric analysis 

The parametric analysis has been done under CIE over 

cast day (10000 Lux) at the height of 0.75 meter (desk 

plane) along the central axis of the space. By changing 

window configurations studied in the literature review, 

different models have been created. Despite the importance 

of glazing type in windows' daylight performance, the 

common glass type in local construction has been modeled 

in this study. In addition, the authors were able to create 

three models by adding light shelves with or without 

clerestory and roof monitor with vertical glazing to the base 

case model (Fig. 5 & 6). The dimension and location of the 

roof monitor and light shelves are based on design 

guidelines [22, 35] (Table 2). Daylight metrics including 

Daylight factor, Illuminance, and Uniformity have been 

calculated for each model. In addition, the eligibility for 

daylighting credits (LEED IEQ 8.1 and BREEAM Hea 01) 

in each model has been provided. 

 
Table 2 Simulation variables 

Design variables Base case Simulation range 

Windows‟ 

configurations 

Height of windows (m) 1.4 meter 1.0 m-2.4m 

Window wall ratio (% of the wall) 30% of the wall 25%-50% 

Window sill height (m) 1.2 meter 0.7m-1.2m 

Light shelf - 0.6 m depth 

Roof monitor - 9% glazing of the floor area 

 

 
Fig. 3 Base case classroom floor plan  Fig. 4 Base case classroom section located in the 2nd floor 

 

 
Fig. 5 Light shelf with clerestory model  Fig. 6 Roof monitor model 

 

3. RESULTS 

3.1. Validation 

The daylight map (illuminance level) under CIE sunny 

clear day sky condition from simulations is compared to 

the measurements taken every hour from 8:00 am to 01:00 

pm. Comparison (Table 3 & Fig. 7) shows a Mean Bias 

Error (MBE) of 0.16, which is in the acceptable range of 

±0.20, considered sufficient for most design purposes [36]. 

The MBE is calculated by equation 1, where N is the 

number of sensor points, Es is the simulated illuminance 

and Em is the measured illuminance [37].  

 

MBE = 1
𝑁   

Es− Em

Em
 

𝑁

𝑘=1

 (1) 

 



Z.S. Zomorodian et al. 

19 

Table 3 Measured and simulated illuminance levels in base case classroom at 10:00am 

4 3 2 1 point 

near window 1250 1005 850 1450 measured 

1325 1115 895 1554 simulated 

8 7 6 5 point 

middle 

715 680 650 765 measured 

755 730 694 856 simulated 

12 11 10 9 point 

375 460 450 360 measured 

460 566 545 458 simulated 

16 15 14 13 point 

back side 285 320 300 210 measured 

325 375 364 343 simulated 

 

 
Fig. 7 Measured and simulated illuminance levels at 10:00 am 

May 6 

3.2. Daylight metrics and window configurations 

In the first step of the parametric analysis, the effect of 

window head height, windowsill height and window wall 

ratio on daylight intensity and distribution has been studied. 

Diagrams illustrate that by increasing window-head height 

from 1.4 to 2.4 m, the average and minimum daylight factor 

declined gradually. The highest level of average, minimum 

and maximum DF is acquired by windows with the height 

of 1.0, 1.4, and 1.8 m, respectively. Maximum DF is higher 

for higher windows in the walls. Generally speaking, the 

differences are quite insignificant especially when 

comparing the average DF (2.05-2.69) and minimum DF 

(0.51-0.61) for different window-head-heights (Fig. 8). 

Indeed, not only has increasing window-head-height 

improved the intensity of daylight, but also average and 

minimum DF have declined. By increasing window-head-

height, uniformity (min/average) declines while uniformity 

(min/max) increases (Fig. 9). 

 

 
Fig. 8 DF by changing window-head-height 

On the other hand, higher windows result in higher 

levels of maximum illuminance, which reaches its peak at 

the height of 1.8 m (Fig.10). Conversely, minimum 

illuminance declines by increasing window-head-height. It 

is interesting to note that windows with the height of 1.4 m 

(the height of base case) reach higher minimum DF, 

Uniformity ratio and minimum illuminance. 

 

 
Fig. 9 Uniformity ratio by changing window-head –height 

 

 
Fig. 10 Minimum and maximum illuminance levels by changing 

window-head –height 

 

As shown in Fig. 11, minimum and average DF have 

gone into decline as the height of windowsill decreased 

from 1.2m to 0.7 m, while maximum DF increased with 

such a change to reach its peak at 0.8, and then declined 

modestly. By reducing the height of windowsill, uniformity 

and minimum illuminance have declined while maximum 

illuminance has increased considerably from 982.69 to 

1502.26 lx (Fig. 12 & 13). Generally, reducing the height of 
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windowsill does not enhance the amount and uniformity of 

daylight. According to the fact that daylight metrics usually 

define minimum and average limits to meet the standards 

required, reducing the height of windowsill did not improve 

the daylighting condition in the 40 classroom. This finding 

is in line with previous studies [3, 9, 11, 12, 38] 

demonstrating that higher windows distribute daylight more 

evenly since they let the light deeper into the space. Lower 

windowsill results in lower windows in the walls, reducing 

the uniformity and distribution. 

 

 
Fig. 11 DF by changing windowsill height  Fig. 12 Uniformity ratio by changing windowsill height 

 

 
Fig. 13 Minimum and maximum illuminance levels by changing windowsill height Fig. 14 DF by changing windowsill height 

 

As shown in Fig. 14, 15, and 16, by increasing 

window-wall-ratio all daylight metrics show an upward 

trend, improving the intensity and uniformity of daylight 

all over the place. This finding is in line with previous 

studies done by [3, 10-13].  

 

 
 

Fig. 15 Uniformity ratio by changing windowsill height 
Fig. 16 Minimum and maximum illuminance levels by changing 

windowsill height 

 

The second step of the parametric analysis examines 

incorporating a light-shelf into windows with clerestories 

and a roof monitor with vertical glazing. Results indicate 

that these strategies increase the level of average, 

minimum and maximum DF especially in case of the 

installing roof monitor, where 63% increase in average 

daylight is achieved. This finding is in line with previous 

studies done by [3, 11]. Yet installing light shelf without 
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clerestories reduces the level of mentioned metrics (Fig. 

17). Moreover, roof monitor increased the uniformity 

(min/max) ratio from 0.06 to 0.16, and the level of 

minimum illuminance in the classroom by 62%, while two 

other configurations do not make any significant changes 

to these metrics, except for light shelves installed with 

clerestories which increase the maximum level of 

illuminance by 20% (Fig.18 & 19). According to the 

results, the roof monitor performed well in increasing 

intensity and uniformity of the daylight in the classroom. 

 

 
Fig. 17 DF by applying daylighting strategies  Fig. 18 Uniformity by applying daylighting strategies 

 

 
Fig. 19 Minimum and maximum illuminance levels by applying daylighting strategies 

 

3.2. Daylight Performance through credits of green 

building rating tools 

The aim of daylighting credits is to encourage and 

recognize designs that provide appropriate levels of daylight 

for building users. Thus, the third step of the analysis 

consists of evaluating different window configurations by 

daylight metrics in green building assessment tools. The 

eligibility for the LEED IEQ 8.1 and BREEAM Hea 01 

credits has been provided by simulations and presented in 

Table 4. 

It can be noticed that none of the configurations have 

succeeded in achieving the standards required by both of 

these credits. Increasing window-wall-ratio to 35, 40 and 

50% has reached standards of BREEAM. Moreover, 

installing the roof monitor passes the requirements of the 

LEED credits. 

 
Table 4 LEED IEQ 8.1 and BREEAM Hea 01 credits in different window configurations 

Window configuration Daylight credit 

H
e
ig

h
t 

o
f 

w
in

d
o
w

 

Value 

BREEAM Health and Wellbeing Credit Hea 01 Status 

LEED NC 2.2 

Credit IEQ 8.1 
Criterion a) 80% 

of area adequately 

day lit 

Criterion b) Uniformity 

ratio >= 0.4, min DF = 

0.8% 

Final status 

1m PASS FAIL FAIL FAIL 

1.4 m (Base case) PASS FAIL FAIL FAIL 

1.6 m PASS FAIL FAIL FAIL 

1.8 m PASS FAIL FAIL FAIL 

2 m PASS FAIL FAIL FAIL 

2.2 m PASS FAIL FAIL FAIL 
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2.4 m PASS FAIL FAIL FAIL 

W
in

d
o
w

 w
a
ll

 

ra
ti

o
 

25% PASS FAIL FAIL FAIL 

30% (Base case) PASS FAIL FAIL FAIL 

35% PASS PASS PASS FAIL 

40% PASS PASS PASS FAIL 

50% PASS PASS PASS FAIL 

T
h

e 
h

ei
g
h

t 
o
f 

w
in

d
o
w

si
ll

s 

0.7 m PASS FAIL FAIL FAIL 

0.8 m PASS FAIL FAIL FAIL 

0.9 m PASS FAIL FAIL FAIL 

1 m PASS FAIL FAIL FAIL 

1.1 m PASS FAIL FAIL FAIL 

1.2 m (Base case) PASS FAIL FAIL FAIL 

D
a
y
li

g
h

t 

st
ra

te
g
ie

s 

Roof monitor PASS FAIL FAIL PASS 

Light shelf PASS FAIL FAIL FAIL 

Light shelf with 

clerestories 
FAIL FAIL FAIL FAIL 

 

4. DISCUSSION 

This study has benefitted from DesignBuilder as valid 

software in daylight simulation, which applies static 

metrics. Although the accuracy of the DesignBuilder 

radiance simulation engine has been approved by many 

studies such as Reinhart and Andersen [25], the results of 

the simulation were also validated against field 

measurements. Even though the MBE is in an acceptable 

range (0.16), the model input data (e.g. window dirt 

coefficient) could be refined in order to reduce the MBE.  

Three different levels of minimum, maximum, and 

average have been simulated for all daylight metrics. It is 

of utmost importance to note that minimum and average 

limits are mostly defined in rating tools to assess daylight 

performance. Indeed, the maximum levels of these metrics 

perform as a controller and not as a credit for assessing the 

level of daylight. As a result, it is more important to reach 

higher “minimum and average levels” than higher 

“maximum levels”. Accordingly, window configurations 

which have attained higher “minimum and average levels” 

compared to that of the base case actually provide better 

daylight performance.  

Results show that by increasing window-head-height 

and reducing the height of windowsill, intensity and 

uniformity decreased. On the other hand, installing a light 

shelf with clerestories or roof monitor, and increasing 

window-wall-ratio let more distributed daylight in, 

improving both the level of daylight and its uniformity. 

Generally, applying a roof monitor resulted in the best 

“daylight performance”, increasing daylight intensity and 

uniformity in the classroom. 

Although light shelves provide more even daylight 

distribution (in full sun condition), they let less overall 

daylight entering especially in overcast conditions and are 

also expensive to construct. Furthermore, roof monitors 

are architecturally interesting and provide a better quality 

of light, but they are also expensive to construct, require a 

larger aperture for equivalent daylight factor, and perform 

less well in overcast conditions. 

The models simulated for light shelves and roof 

monitors in this paper are not the most optimized and their 

performance can be increased by applying the following 

strategies: selecting durable but reflective light shelf 

material, using horizontal blinds inside window panes, 

elongating the room to increase glazing, sloping the ceiling 

from the top of the light shelf down to the back of the 

room and implementing light shelves to complement the 

roof monitors. 

Similarly, to maximize “roof monitor performance” the 

following strategies can be employed: using light colored 

roofing in front of the monitors, applying baffles to block 

direct sunlight and reduce glare, implementing translucent 

baffles to help reducing contrast at the wall-to-ceiling 

intersection and minimizing the depth of the ceiling cavity. 

These strategies could be optimized by parametric 

analysis, which was out of the scope of this paper. 

Regarding LEED and BREAM standards, results show 

that increasing window-wall-ratio to 35, 40 and 50% has 

reached standards of BREEAM and installing a roof 

monitor reaches the thresholds of the LEED credits. 

According to the fact that none of these windows' 

configurations have reached the standards required by both 

LEED and BREEAM credits, the authors believe that a 

combination of installing monitor roof and light shelves and 

increasing window-wall-ratio may result in enhanced 

daylight levels. Regarding the LEED credit, it is highly 

unlikely to get this LEED point without skylights [39]. In 

addition, since this credit runs under clear sky conditions, it 

should be considered as a worst case scenario rather than 

typical conditions at the building site. That is why despite 

the fact that static metrics (point in time) are more common, 

there has been an increasing trend toward dynamic (annual 

metrics) in the past few years. These metrics are location-

based (they use actual weather data, similar to energy 

modeling tools) and are summarize performance over the 

entire year. Accordingly, these metrics have been replaced 

by dynamic ones in LEED v. 4.  

Although it has been previously reported than 

illuminances greater than 2000 lux may cause glare and 

visual discomfort [26], it is impossible to incorporate 

project design parameters like occupancy schedules, 
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climate and the variability of daylight by static metrics, 

which are all important in daylight performance.  

Two of dynamic metrics, Spatial Daylight Autonomy 

(sDA) and Annual Sun Exposure (ASE), together illustrate 

a well-defined image of daylight performance and could 

help architects make good design decisions, as codified in 

LEED v4 [40]. These metrics have great advantages over 

static metrics, but they have only been integrated into a 

few simulation soft wares (e.g. DIVA, IES) and require 

more development. 

5. CONCLUSION 

As stated earlier, daylight plays a crucial role in 

improving students‟ performance which is in turn largely 

affected by window configurations. This paper studies the 

effect of each window configuration on daylight 

performance. Further studies are encouraged in order to 

carry out simulations in which different window 

configurations are run simultaneously to obtain more 

optimum results. For instance, the south side of the 

classroom can be daylit by windows and light shelves 

while the north part of the classroom can be daylit by a 

roof monitor to increase uniformity and at the same time 

reduce glare and contrast. In addition, by placing one 

window on each end of the south wall, daylighting within 

the space may be more balanced. Future studies may 

evaluate suggested windows configurations by annual 

metrics to avoid glare, excessive sunlight, and visual 

discomfort and simultaneously provide enough daylight 

level. 

To acknowledge the limits, the paper has gone 

through measurements and simulations to examine 

daylight intensity and uniformity, while field studies can 

take into account all physiological, psychological, and 

behavioral aspects of daylight to assess visual comfort 

and performance. Students‟ preferences, satisfaction and 

expectations can all be more precisely addressed through 

subjective measurements and questionnaires. It is 

expected that future studies compare subjective 

measurements with objective measurements to yield 

more user-friendly results. In addition, it is also 

recommended that dynamic metrics like spatial daylight 

autonomy and annual sunlight exposure be applied in 

studies, since they consider daylighting condition of the 

whole year and are usually better understood by students 

and users. 
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