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Abstract  Enhancing daylighting in the lecture halls of 

a university not only allows students to have better learning 

conditions but also is visually comfortable and helps in 

saving electricity. This study compares the outcomes of a 

selected lecture hall in Riyadh, Saudi Arabia, which are 

illuminance, light uniformity, and glare probability. 

DIALux evo was used to model the lighting for different 

settings in various scenarios that were considered to 

improve light quality. The work examines the manner, in 

which different shading structures like horizontal and 

vertical shading devices provide light into an interior. The 

research has revealed that the execution of the right 

daylighting design can be favorable to the incorporation of 

good lighting and energy conservation. The immediate 

growth of sustainable architectural knowledge can be seen 

especially in that the research offers exact methods of the 

daylight quality improvement in educational settings that 

can be applied in reality. The study indicates the role 

orientation, window placement, and shading devices play 

in getting the most of daylight when being used and to 

cutting out the glare which indirectly improves the visual 

comfort and learning of the students. This research shows 

that implementing strategic daylighting design affects both 

the quality of light and energy conservation. This research 

advances the knowledge of sustainable architecture by 

offering precise suggestions for improving the quality of 

natural light in learning facilities and studying these 

suggestions’ impact. 

Keywords  Daylight Performance, Illuminance Levels, 

Uniformity Distribution, Visual Comfort, Educational 

Buildings, Saudi Arabia 

1. Introduction

1.1. Background & Importance of Daylighting in 

Learning Environments 

Daylighting is the controlled admission of natural light 

in buildings for illumination purposes. It significantly 

affects the classroom in terms of energy conservation and 

impacts students. Appropriate design approaches for the 

utilization of natural light help to reduce the use of artificial 

light, hence cutting energy utilization and costs or 

operations [1]. It also helps regulate students’ circadian 

rhythm, mood, and cognition because they are exposed to 

natural light [2]. According to Najmee et al. [3], lightening 

focus reduces eye fatigue and enhances general classroom 

performance [3]. However, some of them, like poor control 

of daylight and the amount of brightness, would pose 

problems of glare and discomfort to the learning activities 

in the school. The appropriate level of illuminance for 

classrooms is thought to be approximately 350-500 lux 

because it will not be uncomfortable and dazzling [4,5]. 

This balance is important for creating a positive learning 

climate, avoiding eye strain, and enhancing the 

performance of the learners. Additionally, maintaining 

visually comfortable and functional learning environment 

requires daylight distribution to be uniform [6]. With 

uneven daylight distribution, the lighting creates high-

contrast areas that will be uncomfortable and unable to read 

or view instructional materials [7]. To study daylight 

uniformity, the light intensity will be measured at various 

positions, at the window edge, at the room center, and in 

the dark parts of the room [8]. The minimum illuminance 

over the average illuminance will be expressed as the 
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uniformity ratio, which has to be calculated and be within 

the acceptable standards (e.g. should be at least 0.5, 

according to lighting guidelines) [9]. This paper focuses on 

a tutorial aspect of daylighting by assessing the efficacy of 

using natural light in university classrooms; this, therefore, 

seeks to analyze its results about visual comfort, glare 

control, and learning environment to establish areas for 

improvement. 

1.2. Research Question & Aim 

Research Question: How effective is the daylighting 

design in selected classrooms in providing adequate and 

comfortable illumination for students and faculty? 

Research Aim: To assess daylighting effectiveness in 

university classrooms, focus on visual comfort and outline 

the opportunities for daylighting design enhancement. 

1.3. Research Objectives 

 Assess existing daylighting conditions: Measure 

daylight illuminance levels in classrooms across 

different times and seasons and Evaluate uniformity 

of daylight distribution. 

 Evaluate visual comfort: Analyze glare probability. 

 Identify potential improvements: Recommend design 

strategies (e.g., shading devices, window treatments, 

material choices). 

1.4. Significance of Study 

This research compensates for the lack of existing real-

life classroom daylighting assessments in prior literature. It 

will also enhance the understanding of education building 

and architectural design towards a healthier and more 

effective, through efficient use of natural light. 

2. Literature Review 

2.1. Key Theories on Daylighting in Educational 

Spaces 

Daylighting is an environmental affordance shaping 

student behavior and perception [10]. Also, as Lv et al. [11] 

stated in ecological psychology concepts, natural light 

enhances learning facilities' spatial, attentional, and 

affective dimensions. However, according to the presented 

topic and as Pham and Sanocki [12] postulated in their 

Attention Restoration Theory (ART) of cognitive 

enhancement, daylight helps eliminate thought fatigue and 

improve concentration. In Negarestan's [13] Stimulus-

Response Theory, there are learning motivation and well-

being-related environmental factors; one of them is 

daylight. To this argument, Baloch et al. [14] reported a 

positive correlation between daylighting and academic 

performance, whereas Obralic and Jeghel [15] highlighted 

the importance of daylight concerning visual comfort. 

However, Liu et al. [16] noted potential drawbacks, such as 

glare-induced discomfort. In general, all mentioned 

theories point to improving classroom cognitive and 

psychological conditions due to daylighting. 

2.2. Daylighting Metrics & Simulation Models 

Quantitative daylighting analysis relies on established 

metrics and simulation models assessing lighting quality 

and visual comfort [17]. CBDM assesses the potential for 

daylight annually based on the time factor, while the DF 

measures the amount of daylight in/out throughput at a 

steady level [18]. Li et al. [19] show that SDA, which is 

also known as the Daylight Factor, indicates the 

availability of sufficient daylight in a particular space, 

while UDI evaluates acceptable daylight range [20]. In 

their study by Chaloeytoy et al. [21], daylight glare 

probability (DGP) was put into practice to estimate the 

glare discomfort of participants in a room. However, 

according to Faraji et al. [22], these methods could not give 

an accurate account of occupant preferences, pointing out 

that more work is needed. These frameworks offer an all-

encompassing approach to reviewing the interrelation 

between the provided daylighting and the learning 

environment. 

2.3. The Role of Daylighting in Educational Spaces 

2.3.1. Physiological and Psychological Benefits 

Classroom daylighting significantly impacts student 

health, cognition, and overall well-being [23]. Natural light 

as a stimulus helps create a natural sleep-wake cycle, thus 

minimizing sleep disorders and enhancing focus [24]. 

Besides, it reduces discomfort, eye strain, and headaches 

associated with artificial lighting [25]. As for the latter, 

natural lighting was reported to improve the student's 

alertness and, as a result, their cognitive performance by 

Golmohammadi et al. [26]. Gkintoni et al. [27] noted that 

they obtained enhanced memory retention and problem-

solving among student learners under conditions of 

optimized natural light. However, Hoadley and Campos 

[28] observed that when there is too much daylight without 

glare, it could inhibit the learning process. In unison, all the 

points discussed here reveal how important daylighting is 

in improving the learners' health and productivity. 

2.3.2. Impacts on Student Engagement & Productivity 

Research by Dedeoğlu & Yalçın [29] shows daylight-

optimized classrooms enhance student engagement and 

academic performance. Chauca et al. [30], who compared 

students' performance in a lit and dim-lit environment, 

established that those in well-lit rooms achieved 21% on 

average in mathematics and 26% on average in reading. 

Likewise, Neberich et al. [31] posited that classrooms with 

sufficient daylight decrease fatigue and improve attention 

span. However, the opinions of Chinazzo et al. [32] hold a 

different view that daylighting effects depend on climate, 

the kind of architecture, or the students' view. As a result, 
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all the studies emphasized the necessity of proper daylight 

control to maintain balance and enhance the student's 

learning activity in the learning premises. 

2.4. Measuring Daylight Performance in Classrooms 

2.4.1. Daylighting Metrics & Measurement Techniques 

Evaluating classroom daylight performance requires 

standardized metrics and precise measurement techniques 

[33]. The Daylight Factor (DF), a conventional method, 

effectively measures uncomplicated daylight introduction 

but does not address dynamic changes [34]. Modern tools 

such as Spatial Daylight Autonomy (sDA) and Useful 

Daylight Illuminance (UDI) quantify both spatial and 

temporal aspects of daylight, which is more informative 

[35]. This creates an opening to assess real-time daylight 

levels using lux meters and simulate daylight distribution 

using other tools such as Radiance, Daysim, and DIVA [36]. 

As with the improvement in models, Larrain & Groene [37] 

pointed out that there has remained a phenomenon of 

divergence between the simulation model and actual data. 

2.4.2. Challenges in Measurement 

Daylight measurement in classrooms is influenced by 

environmental and contextual variables that complicate 

standardization [38]. Seasonality and weather greatly 

influence daylight hours and thus affect consistency in the 

recordation of data, as pointed out by Ding et al. [39]. 

Additionally, furniture arrangement, window blinds, and 

student occupancy impact daylight penetration and 

distribution [40]. While Dedeoğlu and Yalçın [29] 

emphasize the need for adaptive measurement techniques, 

Thampanichwat et al. [41] argue that current models lack 

real-time adjustments for user interactions. All these 

challenges point to the need to utilize both quantitative 

daylighting measures and qualitative user responses in 

opting for the best strategies to be adopted in educational 

buildings. 

2.5. Visual Comfort and Glare Control in Educational 

Spaces 

2.5.1. Defining Visual Comfort & Glare Issues 

Visual comfort in educational spaces is essential for 

student well-being and academic performance [42]. One of 

the most critical issues is glare, which is defined as 

disability glare, which hinders vision, and discomfort glare, 

which is the reduction of visual comfort without hurting 

vision [43]. Daylight Glare Probability (DGP) is a tool that 

measures glare based on brightness contrast. In contrast, 

Daylight Glare Index (DGI) measures discomfort caused 

by direct sun exposure, according to Wang et al. [44]. 

Spieringhs et al. [45] analyze existing glare indices, which 

state that glare indices should approximate human 

perception, while Alves-de-Carvalho et al. [46] identified 

that the models underestimate discomfort. Such issues 

show that it is rather complicated to determine glare and 

measure it quantitatively. 

2.5.2. Strategies for Glare Control 

Mitigating classroom glare requires balancing daylight 

access and visual comfort [47]. Light shelves and louvers, 

for example, help diffuse direct light while minimizing 

glare with adequate lighting [48]. Electrochromic glazing 

and innovative window treatments automate the 

management of light by regularly varying the level of tint 

of the window opening or cover [49]. While adaptive glare 

control systems were identified by Gaber et al. [47], on the 

other hand, the literature revealed that they are expensive 

and require high maintenance [50]. These perspectives 

imply that the concepts of glare control should use passive 

and active means for learners’ convenience in the long run. 

2.6. Design Strategies for Optimizing Daylighting in 

Classrooms 

2.6.1. Passive & Active Daylighting Strategies 

Effective daylighting strategies balance natural light 

distribution and glare control for optimal learning 

environments [51]. Some passive designs include proper 

positioning of windows, façade designs, and light shelves 

to allow uniform penetration of natural light on the interior, 

as stated by Sabbagh et al. [52]. Electrical and geometrical 

methods, such as automated shade and sensor operation, 

control the lighting [53]. Zocchi et al. [53] state that passive 

and active systems should be integrated to achieve energy 

saving at their best. Similarly, Gawlak and Banaś [54] show 

that overdependence on these systems can cause 

dissatisfaction among occupants. This implies that 

daylighting systems should respond to ecological and 

occupancy aspects flexibly. 

2.6.2. Case Studies & Research Critique 

Case studies on net-zero classrooms demonstrate the 

benefits of high-performance daylighting designs in 

reducing energy consumption while improving student 

well-being [55]. Luo et al. [56] further support the idea 

through their studies that light improves brain activities and 

deters class absenteeism. However, according to Ye et al., 

[57,58], two major issues need to be addressed about 

daylighting: firstly, post-occupancy evaluations are 

missing; secondly, long-term efficiency cannot be 

evaluated. On the same note, Jiang et al. [55] note that most 

articles are theoretical, with simulation studies being the 

most common. These imply that future research should 

involve empirical studies to establish the long-term 

efficacy of daylighting interventions in school 

environments. 

2.7. Key Research Gaps 

Current daylighting research lacks empirical studies 

integrating lighting metrics with user experience 

assessments. While Jiang et al. [55] highlight the 

simulation approach for various procedures, there are 
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concerns regarding the real-life worth. Moreover, Gaber et 

al. [47] reveal that very few cases focus on building 

overheating problems when designing for hot climates. If 

these gaps could be filled, there would be improvements in 

the more general issue of daylighting strategies. 

3. Materials and Methods 

3.1. Simulation Software 

This study employed quantitative simulations to provide 

a comprehensive and detailed understanding of daylight 

performance in university classrooms. The quantitative 

analysis included performing numerous simulations with 

the help of the daylight analysis tool in the DIALux evo to 

determine the detailed distribution of daylight in the 

identified representative classrooms and to take into 

consideration the potential parameters like the size of the 

windows, their orientation, the applied shading devices, as 

well as the reflectance of the interior surfaces [59,60]. 

These elaborate simulations produced data on the overall 

levels of illuminance, illuminance uniformity, and glare 

risk. These were then compared through statistical analysis 

to determine which design stimuli work best in facilitating 

the optimal strategies. The software used in the research 

was DIALux Evo 13, a professional lighting design 

software with enhanced options for producing illumination 

designs [61]. Its primary functionalities included 3D 

visualization, natural light, artificial light, rendering, 

compatibility with BIM, standards, and calculations. It was 

helpful for designers and engineers involved in designing 

or evaluating lighting systems, especially for multi-story 

university learning environments or public facilities. 

Additionally, it met international standards and was used to 

assess the lighting conditions in classrooms. 

3.2. Simulation Parameters 

Simulations were conducted under clear sky conditions 

at three times each day: 9 am, 12 pm, and 3 pm, on 21st 

March, June, September, and December. Clear sky 

conditions were selected to capture daylight variations 

within the space. The performance metrics considered in 

this study included daylight illuminance levels, uniformity 

ratio, and glare probability. 

3.3. Study Location and Context 

This study was carried out at a university complex on the 

Al-Qassim Highway in the northern area of Riyadh. It 

covered an area of 160,000 square meters and comprised 

several academic facilities. A case study was conducted on 

the Tuwaiq Building, a three-story, 10,000-square-meter 

building. The study focused on analyzing the daylight 

levels in a typical classroom on the second floor of the 

Tuwaiq Building. This classroom was selected for analysis 

because its layout, orientation, and window placements are 

typical in a school environment. This made it a practical 

case study for evaluating daylighting quality in comparable 

classrooms. Figures 1-4 are pictures and drawings of the 

study space. 

 

Figure 1.  Tuwaiq Building (Study Location) SOURCE: Author 

 

Figure 2.  An image of the classroom setting. SOURCE: Author 

 

Figure 3.  A plan of the classroom. (Study Location) SOURCE: Author 
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Figure 4.  A Section of the classroom. (Study Location) SOURCE: Author 

3.4. Study Simulation Scenarios 

To compare various types of lighting and its distribution, 

three specific simulation conditions were created: 

○ Base Case Scenario: This was the current staking of 

the classroom without any extra shading element apart 

from the windows. This scenario was used as the 

reference framework against which design 

interventions could be compared. 

○ Option 1: Horizontal shading device: A shading 

device was mounted on the upper part of the window 

frames of the building. It moved one meter out, thus 

allowing the occupants to minimize the amount of 

direct sunlight while simultaneously letting in 

daylight. This design aimed to reduce glare while 

enhancing light distribution at midday since light 

intensity was at its peak. 

○ Option 2 – Vertical shading device: This scenario was 

characterized by vertical shading fins inside the 

window frame. Every shading fin had a measurement 

of 0.1 meters in width and a length of 0.6 meters 

extending outwards the fins, and there were 0.6 

meters of spaces between each fin. This configuration 

was to limit unnecessary incoming daylight while at 

the same time permitting an adequate amount of light 

for academic purposes. The vertical fins were helpful 

in reducing glare from the sun's low angle during the 

morning and in the afternoon. 

3.5. Special Parameters 

 Window glass transmittance: 88% 

 Window-to-wall ratio (WWR): 35% 

 Reflectivity of materials: 

○ Ceiling: 0.7 

○ Floor: 0.44 

○ Walls: 0.56 

○ Desk Plane: 0.21 

○ The chalkboard: 0.1 

○ External ground: 0.2 

3.6. Validation of Simulations 

To ensure that the simulation data were accurate, 

validation was done by comparing the simulation data with 

actual daylight measurements using a handheld Lux meter. 

The obtained field data allowed the researcher to check 

whether the simulation model matched the actual lighting 

conditions. The differences between the simulated and 

actual results were compared, and the values in the model 

simulation were adjusted as needed to achieve better 

simulation. This approach enabled a comprehensive 

assessment of the extent to which the studied classrooms 

incorporate adequate natural light in their interiors, which 

guided architects and lighting designers. 

4. Results 

This chapter presents the findings of this study to 

understand daylight performance in a classroom and 

address the underlying research aim of how daylighting 

design selections in classrooms can provide sufficient and 

comfortable illumination for university learners and faculty. 

4.1. Assessment of Average Illuminance Levels 

The key results from the data simulation conducted in 

the study are presented in Table 1 below, offering a 

comprehensive overview of the mean levels of illuminance 

observed across the base scenario, option 1 and option 2, 

and across different time horizons. 

Table 1.  Summary of the Average Illuminance Levels, Measured in Lux, 
Across the Different Design Scenarios 

Scenarios Dates 9 am 12 pm 3 pm 

Base Case 

21st March 1513 402 360 

21st June 1405 427 357 

21st September 1319 389 308 

21st December 962 391 282 

Option 1 

21st March 1006 326 278 

21st June 938 325 287 

21st September 897 299 277 

21st December 670 309 223 

Option 2 

21st March 544 212 188 

21st June 873 238 186 

21st September 477 214 190 

21st December 247 206 146 
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The findings shown in Table 1 above depict the different 

illumination levels in scenarios 1 and 2 vis-à-vis the base 

scenario based on averages obtained from the experiment. 

The findings show that on 21st March, 9 am, the 

illuminance levels were higher in the base scenario (1513), 

followed by option 1 (544) and option 2 (544). The trend is 

the same for all the illuminance levels observed on all other 

days during the same class time of 9 am. Likewise, a similar 

trend was observed for all the days and times whereby the 

illuminance levels were higher in the base design scenario, 

second highest in the second design scenario, and lowest in 

the third design scenario. This result implies that using 

horizontal shading devices installed within the top frame of 

windows and extended by 1 meter outside obstructs natural 

illuminance. The obstruction of daylight distribution is 

even more pronounced when a vertical shading device of 

0.1 meters is embedded with windows' frames and 

extended by 0.6 meters outside. The subsequent figures 5-

8 compare the three different cases based on the results 

obtained from the simulation. 

Option 1 consistently exhibits lower illuminance values 

compared to the base case across all dates and times. 

Option 2 presents the lowest illuminance values among the 

three scenarios. The findings related to the average 

illuminance levels obtained on 21st June are shown in 

Figure 6. 

According to the findings shown in Figure 6, the average 

illuminance levels were higher at 9 am for all three 

scenarios, with the base scenario leading in lux 

measurements, followed by Option 1 and, lastly, Option 2. 

Across the dataset, the findings from Figure 5 show low 

illuminance levels as time progresses from 9 am to 12 pm 

and 3 pm. The findings related to the average illuminance 

levels for 21st September are illustrated in Figure 7. 

According to the outcomes shown in Figure 7, the mean 

illuminance levels for 21st June followed the same as those 

of 21st June, with high results being noted in the base case 

scenario at 9 am and the lowest illuminance levels being 

observed in the second case scenario at 3 pm. Findings 

related to the average illuminance levels for 21st December 

are shown in Figure 8. 

Figure 5.  A comparison of the average illuminance levels, measured in lux, across the different design scenarios and time points examined on 21st 

March. SOURCE: Author 
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Figure 6.  A Comparison of the Average Illuminance Levels, Measured in Lux Across the Different Design Scenarios and Time Points Examined On 

21st June SOURCE: Author 

Figure 7.  A Comparison of the Average Illuminance Levels, Measured in Lux Across the Different Design Scenarios and Time Points Examined On 

21st September. SOURCE: Author 
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Figure 8.  A Comparison of The Average Illuminance Levels, Measured in Lux Across the Different Design Scenarios and Time Points Examined On 

21st December. SOURCE: Author 

As illustrated in Figure 8 above, a similar trend is noted 

for all three case scenarios and timelines whereby high 

illuminance levels were observed in the base case test at 9 

am, and the least averages were recorded under the second 

scenario at 3 pm. In other words, the use of shading devices 

regulates the illuminance levels in university classrooms. 

4.2. Assessment Uniformity of Daylight Distribution 

The findings from the simulation experiment conducted 

in this research to determine the uniformity of daylight 

distribution are shown in Table 2, giving a complete 

overview of the different design options as well as 

timelines. 

Uniform daylight distribution denotes scenarios where 

there is even distribution across the entire classroom in 

which this experiment was performed. From the data 

shown in Table 2, this scenario of uniform daylight 

distribution was observed at 12 pm for the base case only. 

The result shows other instances had varying daylight 

distribution levels for all three case scenarios. This finding 

could be attributed to diverse causal factors like window 

placement, interior surfaces' reflectance, and obstructions 

from the exterior surfaces of the classroom. 

In examining the uniformity of daylight distribution, the 

data suggest a consistent trend of improving values as the 

day progresses, with the highest levels typically observed 

in the afternoon. Comparative analysis across the different 

options reveals distinct patterns in daylight uniformity. 

Option 1 demonstrates slightly higher uniformity values 

compared to the base case scenario across all dates and 

times, indicating that its design features may have 

contributed to a more even distribution of natural light 

within the space. In contrast, Option 2 exhibits the highest 

uniformity values among the three scenarios, suggesting 

that its design has been optimized to promote an even and 

well-distributed daylight environment. 

The result shows that there was a significant lack of 

uniformity across all the test scenarios, thus, an uneven 

distribution of daylight in the classroom. The distribution 

of daylight across the three options was also non-uniform, 

with low uniformity levels being observed at 9 am followed 

by 12 pm and 3 pm, which showed the highest values, as 

Figure 9 illustrates. Similar comparative findings for 21st 

June are illustrated in Figure 10. 

The findings shown in Figure 10 indicate a low 

uniformity value for daylight distribution at 9 am followed 

by 12 pm and lastly, 3 pm. However, across the three 

options, higher dispersion for uniformity is observed at 3 

pm when option 2 shows substantially higher values for 

daylight distribution uniformity than option 1 and the base 

case. This finding suggests potentially more obstruction in 

daylight distribution at 3 pm compared to the other two test 

scenarios. Moreover, the daylight distribution uniformity 
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values obtained for 21st September are visually 

demonstrated in Figure 11. 

According to the findings shown in Figure 11, the 

daylight uniformity values for 9 am suggest that the base 

case and option 1 had even distribution values (0.08), while 

option 2 recorded a slightly higher value (0.09). These 

findings suggest that daylight distribution was not much 

obstructed by exterior factors, and thus, students and 

faculty could access the same levels at 9 am for the base 

case and option 1. Apart from this, there was no instance of 

uniform daylight values for the other timelines, i.e., 12 pm 

and 3 pm, thus suggesting potential obstructions that 

impeded even distribution of daylight in the classroom for 

the two timelines and respective three test scenarios. 

Table 2.  A Summary of Uniformity of Daylight Distribution Levels Across the Different Design Scenarios 

Scenarios Dates 9 am 12 pm 3 pm 

Base Case 

21st March 0.07 0.10 0.11 

21st June 0.09 0.10 0.11 

21st September 0.08 0.10 0.11 

21st December 0.08 0.10 0.13 

Option 1 

21st March 0.08 0.10 0.13 

21st June 0.10 0.11 0.12 

21st September 0.08 0.11 0.13 

21st December 0.08 0.11 0.13 

Option 2 

21st March 0.09 0.12 0.14 

21st June 0.10 0.11 0.16 

21st September 0.09 0.12 0.15 

21st December 0.11 0.12 0.16 

Figure 9.  A Comparison of The Uniformity of Daylight Values Across the Different Design Scenarios and Time Points Examined On 21st March. 

SOURCE: Author 
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Figure 10.  A Comparison of The Uniformity of Daylight Values Across the Different Design Scenarios and Time Points Examined On 21st June. 

SOURCE: Author 

Figure 11.  A Comparison of The Uniformity of Daylight Values Across the Different Design Scenarios and Time Points Examined On 21st September. 

SOURCE: Author 
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Figure 12.  A Comparison of The Uniformity of Daylight Values Across the Different Design Scenarios and Time Points Examined On 21st December. 

SOURCE: Author 

The data illustrated in Figure 12 above suggest 

uniformity of daylight values for the base case and option 

1 at 9 am (0.08) and 3 pm (0.13). These results indicate that 

the use of a horizontal shading device could promote 

slightly similar uniformity of daylight levels at 9 am and 12 

pm. On the other hand, the other values of non-uniform 

distribution of daylight at 12 pm and for option three, which 

entailed embedding a vertical shading device, could 

suggest potential obstruction of daylight distribution inside 

the university classroom. 

4.3. Glare Probability 

Findings established from the simulation experiment 

conducted in relation to glare probability are shown in 

Table 3 below, highlighting the comprehensive summary 

across the three different case scenarios and timelines. 

Table 3.  A Summary of The Probability of Glare Across the Different 
Design Scenarios Presented in Yes or No 

Scenarios Dates 9 am 12 pm 3 pm 

Base Case 

21st March Yes No No 

21st June Yes No No 

21st September Yes No No 

21st December No No No 

Option 1 

21st March No No No 

21st June No No No 

21st September No No No 

21st December No No No 

Option 2 

21st March No No No 

21st June No No No 

21st September No No No 

21st December No No No 
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The findings above illustrate probabilities that an 

observer from a given position of viewing across the three 

case scenarios could encounter discomfort. The results 

depicted in Table 3 above suggest glaring discomfort was 

only observed at 9 am in the base case scenario, while the 

rest of the observations indicate that no discomforts were 

encountered by the viewer. In other words, the findings 

underscore that the use of a shading device is helpful in 

reducing the glaring discomfort associated with high 

illuminance levels in university classrooms. 

4.4. Comparison of Simulation Results and On-Site 

Measurements: A Validation Study 

On March 21st at 9 am and 12 pm, a validation study was 

carried out to compare simulation results of the Base Case 

with on-site measurements. Key performance data was 

collected under real conditions and matched with simulated 

outputs using consistent parameters. The analysis showed 

strong agreement between the two datasets, with minor 

differences linked to environmental factors and modeling 

assumptions. This confirmed the simulation model's 

reliability and identified areas for improvement. (Table 4) 

Table 4.  A Summary of The Comparison of Simulation Results and On-
Site Measurements on 21st of March 

 measurements Points 9 am 12 pm 

Simulation 
Point 1 1461 lux 668 lux 

Point 2 178 lux 69 lux 

On-site 
Point 1 1500 lux 670 lux 

Point 2 180 lux 71 lux 

 

Figure 13.  Measurements points location on the plan. SOURCE: 

Author 

Figure 13 above shows the location of the readings in the 

plan. The results were almost identical, with only minor 

discrepancies attributed to environmental factors and 

modeling assumptions. This strong alignment confirms the 

reliability of the simulation model and supports its use for 

accurate predictive analysis. 

5. Discussion 

This chapter evaluates the findings established from this 

simulation study by providing their in-depth analysis 

coupled with a comparison with the literature reviewed in 

prior chapters. The discussion chapter also attempts to 

situate the current findings within the broader literature on 

daylight illuminance and their implications for student 

learning and faculty well-being. 

5.1. Assessment of Average Illuminance Levels 

The findings indicated that higher average illuminance 

levels were recorded in the base case, followed by option 1 

and, lastly, option 2 across the different timelines examined. 

This finding suggests that the use of a shading device by 

either embedding it horizontally or vertically on the 

window results in the obstruction of the illuminance levels. 

Therefore, different design scenarios lead to different 

levels of daylight illuminance in classrooms. Consistent 

with this finding, Hong [1] highlighted that efficient design 

approaches for the use of natural light are integral to the 

minimization of utilizing artificial light, something that 

reduces energy consumption and its associated costs or 

operations. 

The findings also revealed that across all three test 

scenarios, higher average illuminance levels were observed 

at 9 am followed by 12 pm and lastly at 3 pm, underscoring 

that as the day progressed, daylight illumination levels in 

the university classroom declined. The regulation of 

daylight in the classroom has broader implications for 

learning; thus, there was a need to ensure that the adopted 

design for classroom illuminance facilitates equal access to 

natural sunlight for all learners and faculty. Consistent with 

this aspect, the study by Dollish et al. [2] indicated that 

daylighting enables the regulation of the circadian rhythm 

among students, as well as their mood and other cognitive 

traits, since they are largely exposed to natural light. 

Daylighting denotes allowing natural lighting to flow into 

buildings for easy illumination. It largely influences the 

classroom in the conservation of energy and complements 

students. 

5.2. Assessment Uniformity of Daylight Distribution 

Findings from figures 9-11 presented a comparative 

analysis of the uniformity of daylight distribution ratios, 

broken down by month, suggesting that in most test 

scenarios, there was uneven daylight distribution in the 
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classroom. For instance, except for the few instances where 

uniformity was observed between the base case and option 

1 at 9 am and 3 pm, most instances showed uneven daylight 

distribution, which can potentially affect the behaviors of 

learners and faculty. Consistent with this outcome, Izmir 

Tunahan et al. [10] and Lv et al. [11] revealed that even 

distribution of natural light is associated with positive 

psychological effects like students' improved perception 

and better spaces in learning contexts coupled with other 

aspects of emotional regulation. The findings also suggest 

that design interventions can play a significant role in 

improving the uniformity of daylight distribution and 

creating more visually comfortable and productive indoor 

environments. Notably, design interventions for option 1 

and option 2, which embedded shading devices 

horizontally and vertically, respectively, revealed different 

impacts on the uniformity of daylight levels, with the latter 

showing higher values. Thus, universities can use design 

interventions that can potentially induce uniformity of 

daylight distribution and ensure that learning spaces 

provide students and faculty with equal access to natural 

light, which has potentially positive psychological impacts. 

This finding aligns with Pham and Sanocki [12], who, in 

their postulation of the Attention Restoration Theory (ART) 

premised on cognitive improvement, suggest that daylight 

is essential in removing thought fatigue, thereby enhancing 

the concentration of learners. Indeed, the results are also 

consistent with Negarestan's [13] Stimulus-Response 

Theory, which highlighted that daylight makes up one of 

the factors of learning motivation and other associated 

environmental aspects. In other words, ensuring uniformity 

in daylight distributions to the classroom is akin to creating 

a suitable environment for academic excellence. These 

findings imply that navigating daylight design 

interventions can help regulate an even distribution of 

daylight distribution and provide learners and faculty with 

equal access to natural sunlight to leverage the associated 

psychological and well-being benefits and positively affect 

academic attainment. 

5.3. Assessment of Glare Probability 

The results of this study indicated that glare probability 

was higher in the base case and lower in options 1 and 2, 

which had implemented design interventions to reduce 

glare discomfort. As can be seen in the data summarized in 

Table 3, glare was present in 25% of the simulation trials 

for the base case scenario. In contrast, both Option 1 and 

Option 2 completely eliminated this issue, leading to 

enhanced overall daylight performance and visual comfort 

across the different design alternatives. Consistent with this 

finding, Najmee et al. [3] argued that lightening focus 

mitigates eye fatigue and improves class performance in 

general. However, the amount of brightness coupled with 

the inefficient suppression of daylight brings significant 

challenges to the learning process in the school, particularly 

glare and discomfort among learners. Accordingly, Obralic 

and Jeghel [15] support the viability of daylight in 

enhancing visual comfort through the use of innovative 

design interventions to prevent high illuminance levels that 

are associated with glare discomfort. This aspect implies 

that universities in Saudi Arabia should explore novel 

design interventions using both vertical and horizontal 

shading devices to achieve anti-glare discomfort outcomes 

and create a conducive environment for learners and 

faculty. Indeed, a concurrent study by Liu et al. [16] 

underscored that there are various challenges facing 

daylighting, including glare-generated distress. Overall, 

these results depict the enhancement of classroom 

cognition in line with other psychological conditions 

generated by daylighting when suitable design 

interventions are implemented to regulate glare probability. 

6. Conclusions 

This study has examined the effect of daylighting design 

on different levels of illuminance in a classroom. The study 

specifically focused on assessing current daylighting 

conditions, determining daylight distribution uniformity in 

the classrooms, assessing visual comfort, and identifying 

possible design improvements. The study used an 

experimental research design through simulation software 

using three case scenarios. The findings obtained from this 

study addressed the first research objective by 

demonstrating that the shading devices used in scenarios 1 

and 2 obstructed classroom illuminance levels, with the 

highest average results being observed in the base scenario 

followed by option 1 and, lastly, option 2. The findings also 

indicated that across the three scenarios, the highest 

illuminance levels were observed at 9 am, followed by 12 

pm and 3 pm in that order. The results also addressed the 

second research objective by indicating that the glaring 

probability was only present at 9 am for the base case 

scenario, while all the other scenarios and timelines found 

no glaring discomfort. Thus, high illuminance levels, 

which were observed during the 9 am testing periods for 

the base case scenario, are associated with glare discomfort. 

In relation to the third research objective, this inquiry found 

potential design improvements that might enhance the 

illuminance levels by using shading devices that are 

embedded in the windows either horizontally or vertically 

to deter glare discomfort. 

7. Recommendations 

For maximum average classroom illuminance levels, it 

is recommended that the base scenario is left to prevail as 

the results of this study found this option to provide higher 

lux compared to the other two options across the three 

timelines tested. Moreover, universities can implement 

horizontal and vertical design intervention evaluations in 

options 1 and 2 in this study to achieve desired anti-glare 
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discomfort outcomes in classrooms. Such design 

interventions would offer suitable obstructions to high 

illuminance levels, thus making classrooms suitable for 

learning with any glare discomforts emanating from natural 

sunlight from the exterior surface. 

8. Further Research 

There is a need for further research to determine how 

design interventions can be implemented in classroom 

windows to impact uniform daylight illuminance levels. 

Notably, since the study found that only a few instances 

were able to provide uniformity in daylight levels, it is 

crucial for further research to explore further designs that 

would promote even distribution of natural sunlight in 

classrooms. This suggested future research interest is 

important because as this study has emphasized, uniformity 

in daylight distribution is important in creating an enabling 

learning environment for students and faculty. 
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Appendix 

3D Perspective of Option 1: 

Horizontal shading device: A shading device was mounted on the upper part of the window frames of the building. It 

moved one meter out. 

 

3D Perspective of Option 2: 

Vertical shading device: This scenario was characterized by vertical shading fins inside the window frame. Every 

shading fin had a measurement of 0.1 meters in width and a length of 0.6 meters extending outwards the fins, and there 

were 0.6 meters of spaces between each fin. 
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Simulation Graphs of the Base Case: 

This section presents the simulation results generated by the software based on the model's base case scenario. The 

base case represents the system's behavior under standard or default conditions, without the influence of any external 

changes, interventions, or policy modifications. These results are displayed through a series of graphs, which help 

visualize how key variables evolve over time and interact within the system. 

 9am 12pm 3pm 

21st March 

   

21st June 

   

21st 

September 

   

21st 

December 

   

Simulation Graphs of the Option 1: 

This section presents the simulation results generated by the software based on the model of option 1. 

 



 Civil Engineering and Architecture 13(5): 3900-3919, 2025 3915 

 

 9am 12pm 3pm 

21st March 

   

21st June 

   

21st 

September 

   

21st 

December 

   

Simulation Graphs of the Option 2: 

This section presents the simulation results generated by the software based on the model of option 2. 
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