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ABSTRACT: Achieving visual comfort in building interiors is directly related to the lighting levels necessary for 

functions assigned to certain spaces, as well as to the avoidance of visual glare and to the visual connections with the 

exterior. Educational buildings require a high degree of visual comfort for their users. The present study 

quantitatively analysed lighting levels and glare issues in classrooms using the software programs Ecotect and 

Desktop Radiance with the aim to create spaces with high levels of visual comfort. To validate the results obtained, 

natural lighting levels were measured on site. Conclusions regarding the most suitable orientation in relation to the 

average values of natural lighting were based on a comparative basis. The presence of significant contradictions in 

the visual field, as well as abrupt alterations in luminosity, results in a disabling glare and negatively affects the 

visual comfort of users. In simulating natural lighting conditions for the control of glare in a typical classroom, the 

above-mentioned software was used. The results of the analysis enabled a comparative evaluation of visual comfort, 

lighting levels and issues of glare, in classrooms of typical educational buildings in Cyprus. 
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INTRODUCTION  

Achieving visual comfort in building interiors is directly 

related to the lighting levels, the uniform distribution of 

lighting in the workplace, as well as the avoidance of 

visual glare and the allowance for visual connections to 

the exterior space beyond [1]. 

  

 The use of natural lighting as much as possible is a 

primary goal of the environmental design. Energy 

savings derived from the use of natural lighting 

contributes to the reduction of energy consumption and 

of interior thermal gains resulting from the use of 

artificial lighting, which is highly undesirable during the 

summer period [2]. 

 

 The access and distribution of natural lighting 

depends on the size and the position of the openings, the 

shape of the space and the reflections of the surrounding 

surfaces. Natural lighting in building interiors is ensured 

through openings on the walls and skylights. Two-sided 

openings and roof openings are recommended in order to 

obtain an equal distribution of natural lighting [3], (Fig. 

1). Meeting the needs of lighting via natural lighting has 

a high importance in the design of the natural lighting 

system (openings) [4]. 

 

 

 
Figure 1: Provision of natural lighting through external walls-, 

skylights- and roof openings [2]. 

 

Lighting levels define the quality of visual sense. High 

lighting levels allow higher visual comfort and precision, 

whereas technical and financial reasons enforce the use 

of lower rates of artificial lighting, which are not higher 

than 1000 lux [5]. Lighting level in a space depends on 

the kind of work, duration and time of work (day or 

night), the users’ age etc. Lighting in educational 

buildings must be approximately 350 and 500 lux for 

classrooms of general purpose and classrooms of 

particular purpose respectively, and 1000 lux for spaces 

of high demand such as laboratories etc. 

 

 Apart from the provision of the necessary lighting 

level and the appropriate lighting quality, visual comfort 

is interrelated to disability glare. It is caused from 

significant contradictions and abrupt alternations in 

luminosity. Glare may be caused either directly from the 

luminous source or through reflections. Disability glare 

is different from discomfort glare which results from 

visual comfort deficiency, coming from mental and 

physical tiredness [4]. 
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 Visual contact with the exterior space results in the 

improvement of visual comfort. Appropriately designed 

openings ensure visual connections related to nature or 

pleasant viewing. A pleasant view of visual field and a 

harmonious balance between the building and natural 

environment positively influence the users’ emotional or 

psychological situations [2]. 

 

 

METHODOLOGY OF LIGHTING SIMULATION 

Natural lighting in classrooms is provided via exterior 

windows and skylights. The linear disposition of 

classrooms in typical educational buildings allows for 

openings along the two long sides of the space (Fig. 2). 

In typical educational buildings, linear building volumes 

appear in all four orientations. 

             

 

  
 

Figure 2: Façade (main openings) and back elevation 

(skylights) of a typical educational building. 

 

 

 The natural lighting level depends on the area’s 

latitude and longitude at which the educational building 

is situated. The short distance among the climatic zones 

of Cyprus and similar latitude and longitude allow the 

investigation of natural lighting in only one climatic 

zone. The simulation of natural lighting conforms to the 

Nicosia area with latitude 35°10' N, and longitude 33°21' 

E. The simulation addresses varying orientations, and 

was executed during the solar equinox, March 21st and 

September 21st, and the winter and summer solstice, 

December 21st and June 21st respectively, at 09:00, 

12:00 and 15:00. 

 

 Calculations were executed with the use of Ecotect 

software v.5.2 [6] and Desktop Radiance v.1.02 [7]. The 

models were designed in Ecotect software and 

calculations for the analysis grid were executed with the 

use of Desktop Radiance. The results were introduced in 

Ecotect software in order to create isolux contours 

diagrams. In all diagrams the natural lighting rates 

fluctuate from 0 to 1000 lux with contours per 100 lux, 

(Fig. 3). 

 

 

   
 

Figure 3: Three-dimensional simulation model of natural 

lighting in linear disposition of classrooms of typical 

educational buildings [6, 7]. 

 

 

 To validate the results obtained, natural lighting 

levels were registered in situ. The equipment TECPEL 

536 Light Meter RS232/Datalogger was employed. 

Records were executed in a classroom with typical 

geometric features of exterior walls and openings on July 

20th, 2010 under conditions of clear sky (0/8) for 09.00 

and 12.00. Lighting data were taken in selective points of 

classroom, in a 95 cm grid in both directions, which 

coincides with the centre of the grid at the openings of 

the classroom. The lighting data was taken at an 85 cm 

height from the classroom finished floor level, at desk 

working surface level, approximately.  

 

During registration, the classroom was free from users, 

artificial lighting was not used and curtains were wide 

open. Results of in situ registration were compared to the 

results of model simulation for the same registering day 

and time. The geometrical model of classroom was 

edited in order to be compatible with the results of in situ 

registration according to the lighting levels and 

distribution. 

 

 The final simulation of natural lighting was executed 

according to the following data: 

 

- Geometrical simulation of a typical classroom was 

 according to the dimensions of the interior space and 

 it was reproduced in order to create a linear 

 disposition of three classrooms. 

- A linear overhang of 200 cm in width was included in 

 the simulation model. 

- The shading of glazing has been achieved by creating 

 an extrusion of 25 cm. 

- Aluminium frames were placed around glazing. 

- The glazing of the openings has been calculated with 

 single glass. 

- Means of controlling or covering natural lighting (e.g. 

 curtains) were not taken into consideration in the 

 natural lighting simulation. 

- Three indirect reflections were defined for the natural 

 lighting simulation. 
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 The natural lighting simulation took place under 

conditions of: 

 

- Overcast sky – 8/8 for December 21st 

- Intermediate sky – 4/8 for March and September 21st 

- Clear sky - 0/8 for June 21st 

 

 The simulation of weather conditions was executed 

with the use of Desktop Radiance v.1.02 [7] according to 

the CIE Illumination Standards of International 

Commission on Illumination [8]. 

 

Data analysis of natural lighting levels simulation 

The results of the natural lighting simulation in the 

typical classroom in different orientations, for different 

time periods (solstice and equinox), and for times 09:00, 

12:00 and 15:00 are presented based on the use of 

analysis grid [6, 7], (Fig. 4). 
 

 

      
Figure 4: Natural lighting levels simulation in classroom in 

east orientation, summer solstice June 21st at 12:00 md [6, 7]. 

 

 

 In order to extract accurate results for the most 

appropriate orientation in relation to the natural lighting 

average levels, graphs for the three annual periods (solar 

equinox, winter and summer solstice) are prepared, 

which allow the comparison of lighting levels among 

different orientations. 

 

 During winter solstice, December 21st, average levels 

of natural lighting are the same considering that 

simulation was executed during overcast sky - 8/8. In all 

orientations, maximum rates appear at 12:00 and the 

average minimum appears at 09:00 with rates 304.2 and 

167.8 lux respectively. The average rate at 15:00 is 193.4 

lux. Average rates of natural lighting during the whole 

day of the winter solstice, December 21st, are below the 

accepted levels of lighting for classrooms of general 

teaching (> 350 lux). During the winter solstice, 

December 21st, average rates of natural lighting are the 

same irrespective of the orientation, and accounted for in 

that the simulation takes place under conditions of 

overcast sky, (Fig. 5). 

 

 

 
Figure 5: Graph of average rates of natural lighting of 

classroom for the winter solstice December 21st, in different 

orientations. 

  

 

  During the spring and autumn solar equinox, March 

21st and September 21st respectively, the highest rates of 

natural lighting appear at 09:00 in east orientation 

(1156.7 lux), at 12:00 in south orientation (643.9 lux) 

and at 15:00 in west orientation (889.8 lux). Rates in 

north orientation are similar during the day (from 447.4 

to 496.2 lux). During the solar equinox, the level of 

natural lighting is satisfactory in all orientations. Lower 

(average) rates appear during the day in north orientation 

and during noon hours in east and west orientations 

(from 447.4 to 496.2 lux). High levels of natural lighting 

and uniform distribution during the day appear in south 

orientation and rates fluctuate from 555.7 lux at 09:00 to 

643.9 lux at 12:00 and 633.8 lux at 15:00, (Fig. 6). 

 

 

 
Figure 6: Graph of average rates of natural lighting of 

classroom for the solar equinox March 21st - September 21st, 

in different orientations. 

 

 

 During the summer solstice, June 21st, the highest 

rates of natural lighting appear at 09:00 in east 

orientation (1150.9 lux), at 12:00 in south orientation 

(939.8 lux), at 09:00 in west orientation (1226.8 lux) and 

at 12:00 in south orientation (838.0 lux). During the 

summer solstice, the level of natural lighting is 

satisfactory in all orientations. Higher rates appear in 

west orientation at 09:00 (1226.8 lux). Lower rates 

appear at 09:00 and 15:00 in north orientation and at 

09:00 in south orientation. Uniform distribution during 

the day appears in north and south orientations, (Fig. 7). 
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Figure 7: Graph of average rates of natural lighting of 

classroom for the summer solstice June 21st, in different 

orientations. 

 

 

 Average rates of natural lighting as they are presented 

in Table 1 allow the comparative evaluation of natural 

lighting conditions for different annual periods, day time 

and different orientations. 
 

 

Table 1: Summary table of natural lighting rates of classrooms 

for the three annual periods and different orientations. 

 

 
 

 

The average rates of natural lighting during the day on 

the winter solstice, December 21st, are below the 

acceptable levels of lighting for classrooms of general 

teaching (> 350 lux). Therefore, the use of artificial 

lighting is necessary. For the solar equinox, March 21st – 

September 21st, the level of natural lighting is very 

satisfactory in all orientations. Lower rates appear during 

the day in north orientation and during noon time in east 

and west orientations. Both high levels of natural lighting 

and uniform distribution during the day appear in south 

orientation. During the summer solstice, June 21st, the 

natural lighting level is very satisfactory in all 

orientations. Significant fluctuation appears in west 

orientation. Uniform distribution during the day appears 

in south and north orientations. 

  

 Taking the above findings into account, south 

orientation appears to be most appropriate for placing the 

main openings of the classroom, providing high levels of 

natural lighting all year (solar equinox and summer 

solstice) and uniform distribution during the day. 

 

 The results of the natural lighting simulation of a 

typical classroom (analysis grid) presented various 

differentiations as regards the lighting volume. 

Significant contradictions in the visual field and abrupt 

alterations in luminosity result in disabling glare and 

negatively affect the visual comfort of the users. Glare 

may be caused either directly from the luminous source, 

or through reflections. In a classroom, glare causes 

particularly disadvantageous teaching conditions, 

especially whenever it occurs on desks or the blackboard, 

and at those components attracting intense visual 

concentration. 

 

 In simulating natural lighting conditions for the 

control of glare in a typical educational space with 

furniture, Desktop Radiance v.1.02 and Ecotect v.5.5 

were used [6]. A hemispheric camera with horizontal and 

vertical visual angles of 180ο was applied. Five different 

reflections and conditions of overcast sky 8/8 were used 

to form the simulation in December, immediate sky 4/8 

for March and September, and clear sky 0/8 for June. 

Calculations were executed with the same data of the 

natural lighting simulation and for the same weather 

conditions as described above. 

 

Analysis of Disability glare in typical classrooms 

Photorealistic simulation was executed for Illuminance 

(E), that is, luminous flux per units of area, with lux (lx) 

as a unit of measurement, in order to have portrayals 

comparative to isolux graphs, (Fig. 8). An evaluation of 

the simulation results for disability glare was executed 

with the assessment of photorealistic simulation of 

natural lighting of the classroom during different periods, 

day times and different orientations. 

 

 

 
 
Figure 8: Photorealistic simulation of natural lighting in a 

typical classroom in east orientation during summer solstice, 

June 21st at 09:00, 12:00 and 15:00 [7]. 

 

 

 According to the simulation of natural lighting in the 

classroom in east orientation, limited intensity of glare 

appears during the solar equinox on desks, which are 

located near the main openings (09:00). During the 
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summer solstice, glare also appears during the solar 

equinox on the surface of the board (09:00, 12:00) and on 

desk surfaces, which are near the main openings (09:00) 

and skylights (15.00). Glare of limited intensity appears 

in south orientation during the solar equinox on the board 

surface (09:00, 12:00) and on desk surfaces, which are 

near the main openings (12:00). Glare of limited intensity 

also appears during the summer solstice on the board 

surface (09:00, 12:00). For classrooms in south 

orientation, glare appears during the solar equinox and 

summer solstice on the surface of the board (09:00, 

12:00, 15:00), on desk surfaces near the main openings 

(15:00) and near skylights (09:00). In the classroom in 

north orientation, glare of limited intensity appears on the 

board surface during the summer solstice. 

  

 Intense glare appears on the board and on desks in 

east and west orientation, particularly during the solar 

equinox and summer solstice. That is a result of 

insufficient sun protection of east and west openings of 

classrooms. In south orientation, glare of limited 

intensity appears during the solar equinox and summer 

solstice on the area of the board and on surfaces near the 

main openings resulting from the high intensity of 

natural lighting. Classrooms in north orientation, during 

the summer solstice, present limited glare on the surface 

of the board, which comes from the south skylight. 

 

 

FIELD STUDY QUESTIONNAIRE 

The results of field research constitute, despite their 

subjectivity, a useful research tool and contribute to the 

records, analysis and simulation of the conditions of total 

comfort. The multi-criteria evaluation of comfort 

conditions enables a thorough approach on the topic in 

terms of comfort levels. Research was conducted with 

the use of questionnaires, which refer to the evaluation of 

natural lighting levels and visual comfort of typical 

classrooms. For the purposes of this field research, four 

secondary school buildings were selected in the four 

climatic zones of Cyprus, which correspond to the spaces 

of the quantitative analysis. 

 

 Questionnaires were distributed to a random sample 

of 100 students of each school during May 2010. In total 

400 students, 190 boys (47.5 %) and 210 girls (52.5 %) 

participated in the study. Of the total number of students, 

26.0 % of the participants were first grade students, 44.0 

% were second grade students and 30.0 % were third 

grade students, aged 13, 14 and 15 respectively. The 

same questionnaire with minor alternations was 

distributed to a sample of secondary teachers during July 

2010. Nineteen men (41.3 %) and 27 women (58.7 %), of 

all subjects and grades and with teaching experience 

from 3 to 31 years have participated. 

 

 

Evaluation of field research results  

The evaluation of the visual comfort of a classroom of a 

typical school building is achieved through a series of 

questions related to the levels of natural lighting and 

glare. The users’ opinions on each question are given in a 

seven-grade scale. The results are presented separately 

for each climatic zone and separately for students and 

teachers. The results of the comparable analysis for each 

question are presented in a graph, (Fig. 9). 

 

 

 
 

Figure 9: Comparable graph of students’ and teachers’ 

responses in relation to the general lighting in a seven-grade 

scale. 
 

 

 The vast majority of students and teachers (82.5 % 

and 83.0 % respectively) characterize the volume of 

natural lighting as ideal or almost ideal. Students’ and 

teachers’ choices about natural lighting levels indicate 

almost satisfactory levels of lighting. Students’ opinions 

concerning glare are uniformly classified in all questions 

proving glare problems. Diversity in answers is a result 

of students’ different opinions in classroom and the 

different visual angles in relation to the board. Teachers’ 

views on glare appear slightly different to the students’ 

responses provided that glare in the visual field is caused 

from the direct impingement of sunlight to the task 

surfaces of students. Concerning the general 

characterization of natural lighting levels, a significant 

number of students and teachers express the view that 

lighting levels are very satisfactory or satisfactory, 41.5 

% and 29.8 % respectively, or give an average 

characterization 49.0 % and 66.0 % respectively.  

  

 According to the students’ and teachers’ responses 

who participate in the research field by answering 

questionnaires, the natural lighting level in the interior of 

classrooms is characterized as satisfactory. 

 

Results of natural lighting and visual comfort. 

According to the conducted research, the classroom at its 

present state provides satisfactory conditions of natural 

lighting and visual comfort. In fact, the research of 

natural lighting levels in typical classrooms concludes 

that: 
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Average rates of natural lighting during all day of the 

winter solstice, December 21st, are below the accepted 

lighting levels for spaces of general teaching (> 350 lux), 

therefore, the use of artificial light is essential. For the 

solar equinox, March 21st – September 21st, the natural 

lighting level is very satisfactory in all orientations. 

Lower average rates appear during all day in north 

orientation and during noon time in east and west 

orientation. High levels of natural lighting and uniform 

distribution during the day appear in south orientation. 

During the summer solstice, June 21st, the natural 

lighting level is very satisfactory in all orientations. 

Significant fluctuation appears in west orientation. 

Uniform distribution during the day appears in north and 

south orientation. 

 

 Concerning the investigation of visual comfort in 

relation to the glare effect it is concluded that: Intense 

glare appears in east and west orientation, the 

phenomenon appears during the solar equinox and 

summer solstice on the area of the board and on desk 

surfaces. This results from insufficient sun protection of 

east and west openings in the classroom. In south 

orientation, glare of limited intensity appears during the 

solar equinox and summer solstice on the surface of the 

board and on desks near the main openings, resulting 

from the high intensity of natural lighting. Classrooms in 

north orientation only during the summer solstice present 

limited levels of glare on the board coming from the 

south skylight. 

 

 

FURTHER RESEARCH 

Exposition in conditions of inappropriate or insufficient 

light causes visual tiredness, bad mood and irritation. 

Particularly for school buildings and study rooms, photo 

technical studies are essential in order to ensure the 

appropriate light in terms of quality and quantity [5, 4]. 

Suggestions for improvement of natural lighting 

conditions and visual comfort refer to the development of 

passive methodologies of respective improvements as 

well as to the appropriate use of artificial lighting along 

with natural lighting in the classrooms. 
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