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Abstract 
The daylight in classrooms is a crucial aspect that affects the quality of the learning environment and the overall performance of the 
students. Visual arts, such as painting, sculpture, carving, textile design and photography, require specific lighting conditions, which are 
different from the regular classroom standards. Due to the limited number of studies in this area, it is necessary to examine the 
specificities of different types of visual arts and to provide specific design guidelines for lighting enhancement.  This study focuses on 
the evaluation of the daylight performance of the classrooms of the “Jordan Misja” art school located in Tirana, Albania. The research 
methodology begins with the site survey and observations.  Ten art studios are selected, including painting, sculpture, scenography, 
photography, textiles, carving, drawing, and mixed arts. Further, computational simulations including the illuminance, daylight factor 
and the glare are conducted in order to evaluate the daylight performance. The daylight satisfaction survey is focused on the visual 
comfort, glare, usage of artificial light and light control strategies. Based on that, the generalized standards for the arts and crafts studios 
are revised and specific design strategies and daylight control guidelines are suggested for different types of arts. 

© 2023 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license 
(https://creativecommons.org/licenses/by/4.0/). 

 

1. Introduction
In an educational building, daylight should be taken into account 
from the very early stages of design. The general regulations and 
daylight standards for educational buildings are steadily accurate 
in case of the regular forms of education, however the art schools 
are quite specific in regard to the teaching and working 
environments. In the artistic education it is important to create the 
challenging atmosphere, which encourages the students to 
experiment and at the same time helps to concentrate on the task 
[1]. At the end of the twenty century the teaching paradigm has 
changed from the teacher-oriented to the student-oriented 
approach, which enhanced the use of the students’ creative skills 
during the learning process [2]. To increase the students’ 
innovation, the learning environment must be large, suitable for 
the multiple layout configurations, allow collaboration and 
discussions and provide the opportunity for extracurricular 
projects [3]. According to Vecchi [4], the sensory elements, such 
as light, sound, color, and temperature, affect children’s ability to 
be creative in the school. The appropriate learning environment 
increases the motivation, academic performance, enthusiasm, 

creative thinking, focus and attention of the students [5]. Dul [6] 
identifies three components of the environment affecting 
creativity, such as the physical conditions of the environment, 
availability of the tools and technologies and spatial adaptability. 
The presence of windows, their orientation and the quality of the 
provided view directly affect the students’ performance in the 
completion of the creative tasks [7].  

In the school of arts, enhancement of creativity and provision of 
adequate physical conditions for each type of artistic activity are 
essential. Lighting quality and visual comfort have an extreme 
importance for the visual arts studios. Multiple studies focus on 
the influence of lighting on student creativity, inspiration, 
performance, and health. The basic lighting conditions for arts and 
crafts studios are specified in the design standards; however, the 
different artistic activities require specific conditions. Natural 
daylight is the most suitable for the correct representation of 
colors. It allows artists to see the nuances of light and shadows and 
to identify the smallest details of the objects. The painting and 
drawing studios require diffuse general light and targeted light 
sources for the drawn objects; in the photography classes, the 
flashlights are used, while for the textile and sculpture classrooms, 
sufficient lighting of the workplace is necessary. The artists and 
the art school educators know the special requirements for the arts 
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space and environment, but this knowledge is not formalized yet. 
The aim of this research is to focus on the different types of visual 
arts, such as painting, sculpture, scenography, photography, 
textile, carving, and drawing, and to specify generalized design 
standards. The main objective of this study is to evaluate the 
daylight conditions at the ‘Jordan Misja’ high school, which is 
specialized in artistic education. The novelty of this work is the 
focus on the understanding of the lighting conditions which are 
appropriate to perform the different types of visual arts. Research 
brings together knowledge, which is gathered using the three 
methods of analysis, which are field observations, computer 
simulation, and the survey, which was carried out among students 
and art teachers at the school. As an output, the design guidelines 
and the lighting control strategies are specified for each type of 
visual art. 
 
2. Theoretical background 
2.1. Lighting and the visual comfort in schools 
There is a close relationship between human performance and an 
adequate indoor and outdoor environment. The use of natural and 
artificial light affects human wellbeing, performance, creativity 
and health. Brief exposure to direct sunlight or improved 
luminance might temporarily reduce fatigue caused by persistent 
darkness [8]. The presence of natural light reduces sleepiness and 
increases cognitive performance compared to artificial lighting 
[9]. The intense morning daylight affects the performance, vitality 
and productivity of the students [10]. The use of the special 
lighting techniques in schools may contribute into the 
empowerment of the students’ performance in the different area, 
such as reading, concentration on task, focus on the board, 
relaxation or activation, reduce the absences and decrease the 
number of errors [11]. McCoy & Evans [12] have found that there 
is no direct connection between lighting quality and quantity and 
the creative potential of space, while Blomberg and Kallio [13] 
state that space lighting of space and the creative behavior are 
entwined. Brightly lit rooms are associated with the higher level 
of freedom and stimulation of thinking [14]. However, the 
excessive natural and artificial lighting results to the over-lit 
classrooms, where the sheen and glare effects together with the 
inappropriate color rendition may occur [15].  The application of 
artificial lighting with LED light sources and the generation of 
various lighting strategies with different dimming zones can 
provide a satisfactory level of the visual comfort and contribute to 
the students’ well-being and overall study performance [16]. 
Students prefer the seating places near the windows, which have 
good view and no glare, for reading [17], [18]. Organization of the 
environment with high contrast positively affects the productivity 
of work [19]. Daylight and the appropriate and controllable 
lighting are the factors, which improve the performance and 

wellbeing of the artists [20]. Controversially, Steidle and Werth 
[21] found, that dim illumination releases the mind from the 
constraints and stimulates the creativity. However, this statement 
is related mainly to the performance-based arts, such as music, 
drama, or dance, while the visual arts, such as painting, drawing, 
sculpture, or photography, require good lighting conditions. 

 
2.2. Lighting standards in classrooms 
European Standard EN 12665:2011 ‘Light and lighting’ provides 
a definition of a visual comfort as a subjective evaluation of the 
visual well-being, which occurs due to the visual environment 
conditions [22]. The standard sets the criteria for the color 
temperature, intensity, uniformity, and amount of glare. The 
capacity to accomplish visual tasks can be increased and visual 
discomfort minimized by the proper illumination, leading to 
improved performance and productivity [23]. Chen et al. [24] 
suggest, that installation of the lighting system with the 
illumination above 500 lux and warm CCT significantly increases 
the productivity, while the 590 lux is considered to be the most 
comfortable level. The UK Guidelines for the Environmental 
Design in Schools [25] and the European Indoor Lighting 
Standard [26] set up the 300 lux illuminance as appropriate for the 
regular classrooms and the music practice rooms, the 500 lux to 
be applied in case of the workshops, art and handicraft rooms, 
auditoriums, and 750 lux in the art and technical drawing 
classrooms in the art schools. Nabil and Mardaljevic [27] state that 
500-2000 lux is suitable for both the tasks related with the 
paperwork and computer work, and the higher levels of 
illuminance cause visual discomfort. The lighting in the standard 
classroom should be designed in a way that provides visual 
comfort and minimizes glare using the Unified Glare Rating 
(UGR) index of 19 as a standard [26], while in special classrooms, 
such as the technical drawing class, this index should be lowered.  
In standard classrooms the light should be distributed in a way to 
provide the uniformity of 0.6 (Uo) and the color rendition (Ra) of 
80, however in the visual art classrooms these parameters are 
higher due to the specificity of the artwork, where the color 
rendering is essential. For the visual art classrooms, the Ra can be 
set over 90. The lighting requirements for different classrooms are 
summarized in Table 1. 

 
2.3. Lighting design strategies in schools at lower latitudes of 
Northern Hemisphere 
The design approach towards daylighting is climate-based due to 
the different duration and intensity of the solar radiation. Building 
design aiming to provide the maximal level of daylight reduces the 
lighting energy loads, but at the same time it may lower the visual 
comfort due to the occurrence of glare and necessity to use the 
shading devices [28]. This section focuses on the overview of the 

Table 1. Summary of the lighting requirements for different classrooms [25,26]. 
Classroom type Light Intensity, Lux Light Uniformity (Uo) Unified Glare Rating (UGR) Color Rendition (Ra) 

Regular classroom 300 0.6 19 80 
Music practice room 300 0.6 22 80 
Workshop, art and handicraft room, auditorium 500 0.6 19 80 
Art and technical drawing classroom 750 0.6 16 90 
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lighting design strategies applied in the schools located in the 
southern regions, where the necessity of the maximizing the 
daylight should be balanced by the provision of the visual comfort 
due to the high intensity of the sunlight. A study in Jordan shows 
the necessity of the specific approach to daylight during the 
different seasons and states, demonstrating that daylight 
performance can be significantly improved by using translucent 
materials, horizontal windows in the upper parts of the walls, light 
shelves and anidolic lighting [29]. Light shelves and an increase 
in window size are proposed to improve light uniformity in the 
school building in the Dominican Republic [30]. In Chile the 
optimal daylight conditions were reached with the use of the 
skylights and the translucent tray, and the uniformity of light was 
achieved by the application of the diffuser screens and the 
reflective surfaces [31]. In the case of the college in Malaysia the 
shading devices contribute into the control of the excessive light 
and glare, but at the same time the artificial lighting is used more 
intensively due to the appearance of the additional shadows in the 
classrooms [32]. In Taiwan, natural light was minimized to reduce 
glare and provide uniform light distribution in classrooms [33]. 
Atthaillah et al. [34] state that the depth of the corridor, the width 
of the shading elements, the orientation and the window position 
contribute to the level of the daylight performance in the 
classroom. Lee and Lee [35] suggest using a simulation to find out 
the depth of the horizontal shading elements, which will reduce 
discomfort glare and at the same time maintain appropriate indoor 
illuminance. Similar results were found in Italy, when rolling 
shutters, fixed shadings, and vegetation caused the unsatisfactory 
level of daylight in J.C. Maxwell School [36]. In the case of the 
school in Campania, direct sunlight though the windows were 
considered intolerable, which caused the use of improvised 
temporary shading elements [37]. In the Mediterranean climate of 
the southern Spain installation of the egg-crate solar protection 
devices resulted in 50% of reduction of the energy used for the 
artificial lighting due to the fact, that occupants didn’t use blinds 
which allowed better use of the controlled natural light [38]. In 

Madrid, to achieve the appropriate level of illuminance in 
classrooms, the application of LED lighting systems and white 
paint of the walls was suggested [39]. Setiati and Budiarto [40] 
suggest developing several lighting scenarios based on the 
schedule and the use of the necessity of the whiteboard use and 
grouping the lighting sources in a way that provides the optimal 
visual comfort using natural and artificial light. Dong et al. [41] 
propose using curtains for natural light control in combination 
with sensors, which can adjust artificial light at the desired 
intensity. The use of automatic folding external shading modules 
applied on the glass façade of the Albanian university allows to 
reduce significantly the solar radiation received by the classrooms 
[42]. In the study from Sicily, the reflective glazing, reflective 
hanging ceiling and the walls, modified near to the window 
openings, are used for the reduction of the glare effect and the 
uniform light distribution in the classroom [43]. In the case of the 
primary school in Libya, the sustainable approach to lighting 
design includes maximizing daylight penetration inside the 
classroom, glare and reflecting sunlight protection, and daylight 
control [44]. Abdelhakim et al. [45] suggest using the windows, 
which do not exceed the 30% window-to-wall ratio in case of 
Algeria due to the excessive illuminance level in the classrooms. 
Michael and Heracleous [46] suggest taking different measures of 
daylight control depending on the orientation of the classroom. In 
case of Cyprus for the south-oriented classrooms there are selected 
the overhang shadings, for the east and west-oriented classrooms 
there are proposed the fixed vertical louvers, while the daylight 
performance of the north-oriented classrooms was acceptable 
without additional shading structures, which makes them 
appropriate for the placement of the drawing and painting studios 
[46]. 

Figure 1 provides the summary of the daylighting strategies, 
which are subdivided into several categories according to the 
approach used. The first group which includes the light shelves, 
lightwells, skylights and additional corridor windows is 
characterized by the enhancement of the natural light use and the 

 
Fig. 1. Summary of the daylight control strategies. 
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improvement of the lighting quality by providing diffused unified 
light and reducing the glare. Another approach is based on the wall 
modifications by use of reflective or translucent materials, white 
paint, change of the wall shape, and organization of the effectively 
lit zone close to the windows. The window modifications include 
the control of the window shape, size and elevation and 
installation of tinted or reflective glazing. Internal and external 
shading devices including the fixed and movable form the fourth 
group. Finally, daylight strategies focus on the use of combined 
natural and artificial lighting and development of scenarios based 
on the learning activities. 
 
3. Research methodology 
The evaluation of daylight performance and visual comfort in the 
art classrooms is carried out using the three steps (Fig. 2). 
Research starts from a study of the school documentation and 
continues with the field survey aiming to examine the spatial 
conditions of the art studios. During the site visit, for each of the 
classes, all the parameters, such as the plan shape and dimensions, 
the orientation, location of windows and their size, shading 
devices, the type of activity, the location of the worktables, easels 
and other equipment, and the lighting fixtures, were documented. 
Based on the observations, the 10 classrooms belonging to the 
various visual arts, such as painting, sculpture, carving, textile, 
photography and scenography, were selected. During the 
preparatory stage, the 3D model of the school with all the context 
was constructed, and further the detailed models of the selected 
classrooms were elaborated. 

At the second stage, computational simulation was performed 
to evaluate the daylight factor, illuminance, and glare levels, as the 
most common metrics.  3D models of classrooms were analyzed 
using the LightStanza plug-in. The software selects the closest 
weather station, which is located in Podgorica, to obtain the 
climatic data. The 3D model is synchronized with the plug-in, and 
each of its modifications is simultaneously updated on the 
platform. For each classroom the appropriate materials are 
assigned, and the illuminance grid plane is placed 0.8 m above the 
floor level. LightStanza identifies the parts of the model that are 

poorly or excessively illuminated, generates a complete LEED 
certificate, and estimates Special Daylight Autonomy in 
accordance with the daylight hours. All LightStanza metrics, such 
as daylight factor, illuminance intensity, glare finder, glare chart, 
annual illuminance, and spatial daylight autonomy, are calculated 
based on the CEN European Daylight Standard (EN 17037) [47].  

Further research is focused on understanding the subjective 
evaluation of the selected classrooms by students and teachers. 
During this stage, a semi-structured survey aiming to address 
satisfaction with daylight during lecture hours, daylight quality of 
art spaces, and daylight control techniques. The open-ended 
question was given to the students in order to express their 
perception of the influence of light quality on their creativity. 

The survey, field observations, and simulation results are 
compared with each other to find the connection between daylight 
performance and physical properties of classrooms. The study 
concludes with the suggestions of lighting control strategies, 
which are the most appropriate for the visual art studios. 
 
4. Selection of the case study 
‘Jordan Misja’ art school is located in Tirana, Albania, and its 
coordinates are 41.32287, 19.82507. Based on the Köppen-Geiger 
climate classification system, the climate of Tirana is Hot-Summer 
Mediterranean climate [48].  It is characterized by hot and dry 
summers with an average temperature of 28℃ and clear sky. 
During the mild and humid winters, the average temperature is 
15℃ and the sky is overcast or partially cloudy during the 53% of 
time [49].  

The school was constructed in 1946 close to the city center, at 
the intersection of ‘Rruga Elbasanit’ and ‘Rruga Ismail Qemali’. 
It is surrounded by an urban environment that includes mid-rise 
residential buildings, stores, bars, and service facilities. The four-
story building is L-shaped, and the main facade is curved and 
decorated with pilasters (Fig. 3). The total surface area of the 
building is 1768 m² and the total site area is 4176 m². 

The building construction started in 1942 as a hotel for the 
Italian workers. This explains the initial plans with the narrow 
rooms, which were designed to be furnished with bunk beds. In 

 
Fig. 2. Research methodology. 
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1961 it was decided to convert the hotel into an art school; 
therefore, the first extension was made in the western wing of the 
building, which is currently used as auditorium and theater. In 
1982, a second extension was made to the northern wing, which 
included classrooms for painting, sculpture, carving, and textile. 
Later on, the school passed through two more restoration 
processes. In 2005 the building was painted and had a partial 
interior reconstruction, where some offices were added. In 2015 
the exterior walls were painted from beige to red color and some 
general landscape interventions occurred. 

The school is composed of 44 regular classrooms and 73 art 
classrooms. The 49 music classrooms are located in the western 
wing and specialized as classrooms for canto, for string and wind 
instruments. The 24 visual art classrooms are located at the 
northern wing and include painting, sculpture, carving, ceramic, 

scenography, textile, applied graphics, and photography. Figure 4 
shows all the types of arts that are studied in the art school, 
indicating the visual arts, which are studied in the current research. 
For this study there are selected 10 visual art classrooms including 
one sculpture classroom, two painting classrooms, two textile 
classrooms, one carving classroom, one photography classroom, 
one scenography classroom, one scenography and painting (mixed 
use), and one scenography and sculpture classroom (mixed use). 
The classes occupy the northern wing of the school building, they 
are placed on different floors and have the east, west or north 
orientation (Fig. 5). 

The detailed plans, axonometric views, photos, orientation, and 
spatial parameters of the classrooms are given in Table 2. 

 
 

 
Fig. 3. Location of the ‘Jordan Misja’ art school (left, top), school photo (right, top) and 3D model of the school within the urban environment (bottom). 
 

 
Fig. 4. Art classes in the ‘Jordan Misja’ art school. 
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Fig. 5. Location of the selected visual art classrooms. 
 
Table 2. Overview of the selected visual art classrooms. 
Code Art Type Plan Axonometry Photo Area, m2 Orien-tation 

1C Carving 

 

 
 

28 West 

2SP Scenography 
+Painting 

 

  

59 East 

3PS Painting + Sculpture 

  
 

55 North 

4P Painting 

 
 

 

43 South 
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5. Daylight performance analysis 
5.1. Approaches towards the daylight performance evaluation in 
schools 
Educational buildings require special light management due to the 
nature of learning activities, which require high motivation and 
concentration on the task for a long period of time. Wu and Ng 
[50] state that the design guidelines and standards provide 
requirements related to the quantity of light, while in schools the 
quality of the lighting must be taken into account. Konstanzos et 
al. [51] identify the main metrics that affect the overall 
performance of the task, such as vertical and horizontal 
illumination, color and color temperature, and luminance and 
luminance ratio. Costanzo et al. [52] separate the metrics into two 
categories, which are luminance-based, including glare and spatial 
visual discomfort, and illuminance-based, such as illuminance, 
uniformity ratio, and daylight factor. Shemirani et al. [53] define 
a good lighting environment as the appropriate brightness balance, 
glare control, and the combination of direct and indirect light. 
Altomonte et. al. [54] suggest the use of climate-based daylight 
modeling to take into account seasonable changes in daylight in 
different climate zones. Houck [55] argues that together with 

daylight, the physical properties of classrooms should be 
measured, such as the depth and height of the ceiling, the view 
from the windows, and the length to classroom area of the façade 
to the classroom area. The EN 12464-1:2021 standard establishes 
the illuminance, glare, color rendition, and uniformity index as the 
main metrics of the visual quality of the work environment [26]. 
Daylight Factor is one of the most commonly used static metrics. 
To perform more reliable analysis, the dynamic metrics, such as 
Spatial Daylight Autonomy (sDA), should be added in order to 
evaluate the daylight potential of the rooms [56]. Annual Sunlight 
Exposure (ASE) is used as an additional indicator of glare [57], 
which is important in case of the visual arts classrooms. 

The applied daylight assessment techniques are divided into on-
site assessment and computational simulation. Illuminance is the 
most frequently used field metric [29,33,36,38,39,43,45,46], 
which is often combined with the occupants’ survey. Illuminance 
[29-32,44,39,40,44-46,51,52] and Daylight Factor [30,36,37,44-
46,52]  are the most used metrics for the daylight simulation which 
can be complemented with the Spatial Daylight Autonomy 
[36,40,43,46] and Useful Daylight Illuminance [36,45,46]. Glare 
[35,46] and light uniformity [29,30,31] contribute to the 
evaluation of visual comfort in the classroom. Furthermore, some 

5PH Photography 

  
 

30 South 

6S Scenography + Drawing 

 

 
 

65 East 

7S  
Scenography 
 

 

 
 

43 North 

8P Painting 

 
  

32 East 

9T Textile 

  

 

28 West 

10T Textile 

 

 

 

44 South 
+ 
North 
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performance-based metrics allow us to find the influence of 
applied daylighting strategies on classroom energy consumption 
[29,30,37]. 

Several studies argue that in addition to illuminance 
measurements, subjective perception of lighting conditions by the 
occupants should be considered [31,33,41,46,58-61]. Visual 
comfort should be addressed by comparing the values of daylight 
performance values and the subjective assessments of the students 
[58]. The level of visual discomfort is expressed in a different way 
by students from regions with different backgrounds, even in cases 
where the simulation results are close to the standard [59]. Kim et. 
al. [60] used the questionnaire to understand daylight conditions 

in classrooms with different durations of sunlight hours and to 
compare student opinions of students with simulation results. 
Fakhari et al. [61] create a visual comfort assessment model based 
on both computer simulation and the student survey, which 
includes the actual and perceived lighting level, uniformity of the 
lighting, satisfaction with view and window, glare, and the 
perceived temperature. In this study the evaluation of the 
illuminance, glare and daylight factor is complemented with the 
students’ survey on the visual comfort in the art classrooms. 
 
 
 

Table 3. Illuminance simulation results. 
Code Annual Average 

Illuminance Chart 
Illuminance, lux 

21 Mar. 21 Jun. 21 Sept. 21 Dec. Annual 
Average 

1C 

 

591 576 700 388 2075 

2SP 

 

458 585 441 320 1969 

3PS 

 

400 500 398 308 863 

4P 

 

2559 295 2559 338 973 

5PH 

 

2447 319 2167 328 950 

6S 

 

1503 741 1485 330 2438 

7S 

 

2890 715 2581 893 2373 

8P 

 

499 555 482 345 1567 

9T 

 

775 679 1335 411 1801 

10T 

 

3008 717 2977 383 1555 

 
 

http://creativecommons.org/licenses/by/4.0/


125 A. Yunitsyna & A. Toska / Journal of Daylighting 10 (2023) 117–135 

2383-8701/© 2023 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/). 

5.2. Illuminance 
Illuminance is describing the light intensity on a surface, and it is 
used as a parameter to evaluate the suitability of space for 
performing the various tasks. In the case of the ‘Jordan Misja’ art 
school, the learning activities are carried out during the period of 
time from September to June, from 8:00 AM to 18:00 PM. For 
selected art classes, the grid illuminance analysis is performed 
during the solstices (June 21, December 21) and equinoxes (March 
21, September 21), as well as annually (Table 3). The illuminance 
level is higher during the equinoxes and lower during the solstices, 
which can be explained by the sun angle during the summer and 
the short-day duration during the winter. The illuminance 

distribution charts demonstrate the non-uniform light distribution 
in all classrooms. The annual illuminance level exceeds the 
standards recommended for arts and crafts studios; however, for 
these types of activities during winter, additional lighting is 
recommended. 

Figure 6 shows the annual average illuminance calculated for 
some of the hours when the classes are performed, which are 9:00 
AM, 12:00 PM, and 15:00 PM. In all classrooms, the illuminance 
is not satisfactory during the morning hours and excessively high 
during the afternoon, which causes visual discomfort in 9 cases 
out of 10. The midday hours are appropriate for comfortable work. 
 

 
Fig. 6. Annual average illuminance at 9:00 AM, 12:00 PM and 15:00 PM. 
 
Table 4. Daylight factor simulation results. 

Code DF Chart Daylight Factor 

Max. % Avg. % Min. % 

1C 

 

16.6 4.43 0 

2SP 

 

9.3 3.15 0 

3PS 

 

7.5 4.80 0 

4P 

 

52.6 1.51 0 

5PH 

 

51.8 1.72 0 
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6S 

 

13.9 3.80 0 

7S 

 

15.4 4.87 0 

8P 

 

14.6 4.81 0 

9T 

 

15.1 6.02 0 

10T 

 

13.1 4.25 0 

 
 
Table 5. Daylight glare probability simulation results. 

Code DGP Chart Glare Probability 

Impercept. (%) Percept. (%) Disturb. (%) Intolerable (%) 

1C 

 

32.1 1.4 1.6 64.9 

2SP 

 

28.0 0.9 0.9 70.2 

3PS 

 

9.9 1.3 1.1 87.8 

4P 

 

30.4 2.1 1.2 66.3 

5PH 

 

29.0 2.6 1.2 67.2 

6S 

 

10.6 1.0 0.7 87.7 

7S 

 

12.8 0.8 0.6 85.8 

8P 

 

11.8 0.5 0.6 87.2 

9T 

 

13.8 1.1 0.9 84.2 

10T 

 

15.3 1.0 1.4 82.3 
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5.3. Daylight factor 
The Daylight Factor (DF) characterizes the relationship between 
the illuminance received by a horizontal surface inside the room 
and the external illuminance [28]. For classrooms, the threshold is 
set at 2%.  The results of the annual simulation and the distribution 
of the DF on the interior surfaces of the classrooms are shown in 
Table 4. The minimum DF reaches 0% due to the simulation hours, 
which are set from 8:00 AM until 18:00 PM, which means that 
there is no natural light available in the evening during the winter 
months. Most of the classrooms exceed 2% of the DF, which 
demonstrates the good availability of natural light. The DF of the 
4P and 5Ph classrooms is unsatisfactory. Furthermore, the 
distribution of DF in classrooms 1C and 2Sp is not uniform, 
causing the lack of natural light in approximately half of the room. 

5.4. Glare 
Glare indicates the physical discomfort perceived by the observer, 
which is caused by abundant light, reflections, and contrasts [62]. 
By the level of visual discomfort, the glare amount is divided into 
four categories, which are imperceptible, perceptible, disturbing 
and intolerable glare [35]. The threshold level for the 
imperceptible glare is 0-35%, for the perceptible glare is 35-40%, 
for the disturbing glare is 40-45%, and for the intolerable glare is 
above 45%. Table 5 shows the simulation of results of the daylight 
glare probability (DGP) that was performed in the classrooms 
during the year within the time interval from 8:00 AM to 18:00 
PM. In all the classrooms there is a high probability of visual 
discomfort due to the high level of the intolerable glare, which 
makes it difficult to practice there the visual arts. This situation 

Table 6. sDA and ASE simulation results. 
Code sDA Chart SDA% ASE Chart aSE, % 

1C 

 

86.76 

 

35.29 

2SP 

 

84.31 

 

4.58 

3PS 

 

86.67 

 

15.00 

4P 

 

58.63 

 

19.00 

5Ph 

 

79.01 

 

21 

6S 

 

85.96 

 

17.96 

7S 

 

80.34 

 

22.22 

8P 

 

77.78 

 

22.50 

9T 

 

98.53 

 

23.93 

10T 

 

88.89 

 

50.00 
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occurs due to large windows without any shading devices, 
curtains, or blinds installed. 
 
5.5. Spatial daylight autonomy and annual sun exposure 
Spatial Daylight Autonomy (sDA), reports on how much of a 
given area receives adequate amounts of daylight. It is defined as 
the proportion of floor space that receives at least 300 lux for at 
least half of the occupied hours [56].  If sDA reaches 74%, the 
need for artificial light is low.  The minimally acceptable sDA is 
55%, and, for lower values, there is not enough daylight entering 
the room, causing excessive use of artificial lighting and 
decreasing visual comfort. Annual Sun Exposure (ASE) provides 
detailed information on a space that receives an excessive amount 
of light, which is also used as an indicator of visual discomfort or 
glare. ASE calculates the percentage of floor space that gets at 
least 1000 lux for at least 250 hours of occupied time per year. 
Lower ASE values therefore are advised in order to lessen the 
glare impact [57]. Table 6 shows the results of the sDA and ASE 
simulation that was performed in the classrooms throughout all the 
year. 

It is seen from the sDA simulation results, neither of the 
classrooms has a lack of lighting. The lowest sDA of 58.63% is 

registered for the 4P classroom. The ASE chart demonstrates that 
the problem of excessive glare can be found in all the classrooms 
except the 2SP, which means that the direct sunlight should be 
controlled, and the spaces have increased cooling loads. 
 
5.6. Daylight satisfaction survey 
The daylight satisfaction survey was conducted among 95 students 
and 27 teachers on the ‘Jordan Misja’ art school. The data, which 
was collected during the survey complements the results of the 
field observations and the daylight performance simulation. 
During the semi-structured interviews, the teachers expressed their 
opinion related to daylight quality in the art classrooms, explained 
the importance of adequate lighting for the different types of visual 
arts, and showed their own strategies for improving visual comfort 
improvement. The student questionnaire consisted of 21 questions 
grouped into 5 parts. In the first part, the participants were asked 
for some general information, such as their year of study, type of 
art, which they practice, schedule, location and orientation of the 
classroom, and their seat position inside of the classroom. Further, 
they were asked about the overall satisfaction of the lighting 
quality and the particular satisfaction of the daylighting and 
artificial lighting. The final part covers the strategies of daylight 

 
Fig. 7. Art lesson participation. 
 

 
Fig. 8. Daylight satisfaction in the art classrooms. 
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control applied by the students. The survey was conducted during 
the second decade of May in the afternoon hours, from 12:00 till 
15:00, when most of the art classes are scheduled. The sky was 
clear, and the students were experiencing the strong sunshine and 
therefore had to mitigate the excessive sunlight. 

Based on the survey results, respondents were divided into 
different groups according to the type of art which they study. 28% 
attended painting classes, 26% - sculpture, 20% - applied graphics 
and textile, 18% practiced scenography and 8% - photography (Fig. 
7). Some students attended two or more classes at the same time. 

According to the lesson schedule, 70% of the art lectures are 
conducted in the afternoon, between 12:00 PM and 15:00 PM, 
12% are held in the morning, and 18% in the evening. Figure 8 
shows the responses regarding the level of daylight satisfaction for 
each classroom. The textile (9T), photography (5Ph) and the 
sculpture classroom (3PS) have the highest satisfaction rates. This 
can be explained due to the use of the small windows in the 
photography classroom, while the sculpture class has the north 
orientation, large windows, and the appropriate furnishing. The 
scenography classroom (7S) is also highly rated. During the site 
visit it was found a large tree that gives shade and a pleasant view 
to the occupants. However, a partial lack of shading devices was 
noticed. 

Intensive glare (Fig. 9) was observed in half of the classrooms, 
particularly in the afternoon. Students in painting, textiles, and 

sculpture have deep concerns about the glare effect. There is 
excessive lighting in the 1C, 7S, and 10T classrooms. The visual 
discomfort is impacted by the south-east orientation of classrooms 
and the lack of proper shading devices, such as curtains or blinds. 
In all three cases the large windows affect visual comfort. 

Figure 10 reports the types of shading devices used by the 
occupants. The 1C, 3PS, 4P, 6S, and 7S classrooms have no 
shading and the occupants use self-provided tools for shading. 
These tools are cardboards, plastic sheets, or textiles which is fixed 
on the glasses. The 10T class has no shading at all, meanwhile in 
the 2SP, 5Ph, 8P and 9T classrooms curtains and blinds are used 
for the shading. Based on the responses of the interviewed 
occupants, in each of the classrooms the shading is not 
appropriate. To mitigate it, the students placed vertical cardboards 
along the glass surfaces and frequently changed the seats. Students 
report that it is difficult to attend the lesson and to see clearly the 
professor’s models. 

The classrooms with the highest level of artificial light usage 
(Fig. 11) are 4P, 5PH, and 8P.  The photography room requires 
artificial lighting due to the specificity of the art, while the two 
painting classrooms have small windows and are also shaded by 
the neighboring building. Classes with the least artificial light 
requirement are scenography (7S) and textile (10T). They are 

 
Fig. 9. Glare intensity in the art classrooms. 
 

 
Fig. 10. Shading devices in the art classrooms. 
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located on different floors but have the same south-north 
orientation due to the windows placed on the two opposite walls. 
Generally, all classes have shown the best light performance 
during the morning, from 00:08 AM to 11:00 AM, the worst 
during the afternoon, and an average comfort was perceived 
during the evening hours from 16:00 PM to 18:00 PM. 

In the last question (Fig. 12), most of the students were asked to 
assess how lighting and visual comfort affect their creativity. They 
responded that both poor and excessive lighting have a significant 
impact on their creativity, affecting both their performance and 
efficiency. They expressed different concerns regarding the 
different typologies of the art classrooms. Most of the students had 
problems with poor lighting, especially in the 4P classroom, 
saying that they felt tired and not inspired. This painting studio is 
situated on the first floor, lit by three small windows insufficient 
for the large classroom area. The same issues are found in the 2SP, 
which is the scenography and painting mixed-use classroom. The 
students indicated the improper position of the tables, which are 
placed directly beside the windows. This inappropriate location 
affects students’ vision, mood, and sometimes their thermal 
comfort, making them feel a lot of heat during the summer midday 
hours. The Photography classroom is the only one which is not 
affected by the daylight quality, since this art requires one to use 
controlled artificial lighting. 

5.7. Analysis of the results 
Analysis of results of the physical site observations, 
questionnaires, and the computational simulations allows 
assessment of the lighting quality and visual comfort in the art 
classrooms, identification of the most common problems, and 
suggestion of design solutions for the improvement of the lighting 
conditions. As observed from the simulations, each classroom has 
an appropriate amount of natural light; however, lighting control 
is necessary during the afternoon hours. The classrooms 
orientation affects the levels of the light parameters. In addition, 
the layout of the furniture and equipment affects the amount of 
diffused light inside the rooms. However, the lighting issues are 
different and depend on the type of artistic activity performed in 
the classroom. 
In the carving studio (1C) (Fig. 13) the excessive glare and the 
large amount of sun exposure are found in both the simulation and 
the survey results. This discomfort is increased by the openings, 
which are too large for the 35m2 room. Due to the limited area, 
students are forced to stand closer to the windows in the most 
illuminated areas. The height of this room is 3.5m, which is too 
low for the carving class. The classroom lacks a casting basin and 
a shading system. The double-height sculpture classroom (3PS) is 
properly lit in comparison with the other cases. Large windows 

 
Fig. 11. Artificial light usage in the art classrooms. 
 

 
Fig. 12. Daylight effect on creativity based on the occupants’ responses. 
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located 2 meters above the floor level require shading devices. The 
existing warm light equipment should be replaced with cold light 
to provide better color perception. 

The first painting classroom (2SP) is a good example of a 
properly lit space, with large east-oriented windows (Fig. 14).  
Curtains and paper sheets fixed on the windows are used to 
decrease the glare and excessive sunlight. The second classroom 
(4P) has low illuminance and glare, as well as a low level of 

students’ satisfaction. The classroom is south-oriented and has a 
problem with excessive lighting and, at the same time, with 
insufficient sunlight exposure due to the small narrow windows. 
This type of classroom requires larger windows placed above 1.5 
meters from the floor level and ceiling height at least 4.5 m, to 
control the light angle and to facilitate diffuse lighting. The third 
painting studio (8P) is dedicated to drawing human models. Based 
on the simulations and the survey results it is a well-lit classroom. 

 
Fig. 13. The sculpture classroom (left) lit by a diffuse light; the carving studio (center and right) has the non-uniform light distribution. 
 

 
Fig. 14. The painting classroom with improvised shading system. 
 

 
Fig. 15. The scenography classroom with windows oriented at different sides. 
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Shading devices are partially lacking, and occupants place the 
equipment and seats farther from the windows to avoid glare and 
excessive sunlight. The area of the classroom is smaller than the 
standard of 45 m2. 

The first scenography classroom (6S) is considered to be a 
relatively good example in terms of visual comfort. The second 
classroom (7S) has high sunlight exposure and glare disturbance 
due to the location of the windows both at the northern and the 
southern sides (Fig. 15). This causes the students to move chairs 
from one side to another during the lesson. The area of the 7S 
classroom is under the standard. The shading devices are partially 
lacking in both spaces. 

The photography classroom (5Ph) (Fig. 16) has daylight 
parameters within the standard level. However, from the survey it 
is noticed the high dissatisfaction amount, caused by the nature of 
the artistic activity. The photography classes are performed 
indoors, in a managed setting, where the photographer has 
complete control over the artificial lighting elements. Daylight is 
used during breaks, when the windows are opened. The south 
orientation provides a high level of disturbance, and to avoid it the 

openings are blinded with black paper and cloth. The small area 
and the 3.5 m ceiling make it difficult to fit the necessary 
equipment and operating crew. All these issues lead to a decrease 
in student and staff performance. 

The two textile classrooms (9T and 10T) are problematic 
according to the results of both the survey and the simulation. The 
9T classroom is east-oriented, the large windows, and the small, 
elongated space of 28 m2 make the sun exposure and the presence 
of glare very prominent (Fig. 17). The area is below the standard, 
and some tables are too close to the windows. The 10T has high 
exposure to sunlight and glare disturbance due to the two rows of 
windows facing north and south, causing students to move chairs 
from one side of the class to the other. In both classrooms, shading 
devices are partially lacking. 
 
6. Discussion 
The study shows the necessity of applying lighting control 
strategies in the classrooms of the ‘Jordan Misja’ school. Common 
problems, such as non-uniform daylight distribution, excessive 
illuminance during the afternoon hours, imperceptible glare, and 

 
Fig. 16. The photography classroom with blinded windows lit by artificial light. 
 

 
Fig. 17. The textile classroom with large east-oriented windows. 

http://creativecommons.org/licenses/by/4.0/


133 A. Yunitsyna & A. Toska / Journal of Daylighting 10 (2023) 117–135 

2383-8701/© 2023 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/). 

lack of shading devices, are found in all the art studios. Similar to 
the study of Michael and Heracleous [46], the north-oriented 
classrooms have the lower illuminance and the lower glare level. 
The shape and size of the windows, their location [34], and the 
window-to-wall ratio [45] affect the light distribution and 
illumination level in classrooms; however, this measures cannot 
be applied without taking into account the orientation since south-
oriented windows cause a high level of glare. In southern 
conditions, most studies suggest the use of various shading 
devices, such as horizontal shading elements [32,34,35], vertical 
louvers [46], custom shading systems [38,42]. Due to the fact that 
the ‘Jordan Misja’ art school is an architectural monument, adding 
external systems on the facades is not possible and the other 
strategies should be chosen. 

Similarly to Cannaviello’s findings [37], the lack of shading 
elements in the ‘Jordan Misja’ art school led to the use of 
improvised cardboard panels or textile pieces due to the 
intolerable glare. As in the case of Italy [36], rolling shutters and 
blinds, which were found in some classrooms, could not provide 
the appropriate visual comfort. The site observations and the 
survey results recorded the positive impact of the vegetation on 
the subjective perception of the visual comfort, however the 
studies prove, that the excessive greenery reduces the daylight 
amount in the building [32,36]. In southern conditions, the 
researchers suggest reducing natural light access to minimize glare 
[33], using artificial lighting to obtain the desired illuminance 
level [32], and installing LED lighting systems [39]. Custom 
artificial lighting and natural light control is widely used during 
photography, painting, and sculpture practices. In addition the 
uniform distribution of light can be achieved by the use of 
reflective surfaces, reflective ceilings [43], translucent materials 
[29], light shelves [29,30] and white paint of the walls [39].  

The design standards of art studios are considerably different 
from the traditional educational spaces. All visual arts have an 
essential need for adequate lighting, intensity control, and glare 
reduction. The art students are dissatisfied with both the dark and 
underlit studios and the overlit classrooms. Poor and excessive 
lighting cause difficulty in perception of the models and artworks, 
which directly affects the students’ creativity. The lighting 
conditions are different for the different kinds of visual arts. 

Table 7 is a result of a synthesis of the evaluation of daylighting 
performance of the art classrooms, the feedback from the students 
and teachers and the standards. The illumination level, light 
uniformity, and color rendition are proposed on the basis of the 

UK Guidelines [25] and the EU Indoor Lighting Standard [26] for 
arts and crafts and for technical drawing classrooms. However, 
these standards do not establish lighting design strategies for 
different types of visual arts. The Sculpture, Carving, and Textile 
classes are assumed to be classified by light intensity as arts and 
crafts rooms, Scenography and Painting as technical drawing 
rooms, and Photography has the lowest requirement due to the 
excessive use of the artificial lighting and flashlights. The painting 
class has the lowest UGR due to the necessity of using additional 
lighting to emphasize the volume and shadows of the drawn 
objects, and therefore to reduce the disturbing glare and 
reflections. Color Rendition has the highest importance for the 
Textile and Painting classes since the students use the paints and 
combine colors during the work. Painting, Sculpture, and 
Photography require setting up the specific lighting conditions for 
the models using the movable lights and the reflective panels.  
Natural light is required in the Sculpture, Scenography, Textile, 
and Painting studios, while in the photography rooms, the 
windows are open only during the breaks. The north- or east-
oriented large openings in the classrooms allow to achieve the 
uniform diffuse light distribution. Shading systems combined with 
scenario-based LED lights are required for the optimal use of 
natural and artificial light. In addition, the increased room height 
allows us to use specific equipment, to place large artworks and 
drawing models. The location of the windows above the standard 
level allows one to avoid the overlit zones. The area of art 
classrooms is larger compared to the regular cones, since students 
use various equipment, such as easels, tripods, canvas, sewing 
machines, and large drawing panels. 

The implementation of daylighting strategies should be done in 
combination with a well-designed artificial lighting system. The 
daylight control mechanisms [41], individual lighting control 
features [33], and the development of activity-based lighting 
scenarios [40] enables to adjust lighting levels during periods with 
low availability of natural light or use the art studio during the 
evenings.  

The evaluation of the daylight quality of the art studios of 
‘Jordan Misja’ art school is performed based on field observations, 
the occupant’s questionnaire and a set of simulation techniques, 
which are common research strategies. However, the proposed 
methodology can be complemented by the on-site illumination and 
glare measurements and on further investigation of the spatio-
volumetric parameters of the art classrooms, which may have a big 
impact into the organization of the art studies. 

Table 7. Design standards for the visual arts studios [25,26]. 
Parameter Type of Art 

Sculpture, Carving Scenography Textile Painting Photography 

Window orientation North, East North, East North, East North North 
Light Intensity, Lux 500 750 500 750 300 
Light Uniformity (Uo) 0.8 0.8 0.8 0.8 0.8 
Unified Glare Rating (UGR) 19 19 19 16 22 
Color Rendition (Ra) 80 90 80 90 80 
Artificial lighting Additional lights at 

the wall with 
windows 

Movable lights Movable lights Movable lights and 
panels 

Movable lights and 
panels 

Shading devices, controlled light Yes Yes Yes Yes Yes, 
Blinds 
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7. Conclusion 
Visual comfort is of essential importance for the organization of 
the school environment that facilitates learning and creativity. 
Adequate light intensity, light uniformity, glare, and color 
rendition should be achieved using the combination of controlled 
natural light and artificial light. Visual art practices set higher 
requirements for lighting quality, leading to the application of 
additional design strategies. Current lighting design standards are 
generalized and do not establish the specific criteria based on the 
type of visual art.  

The study focuses on the impact of lighting on visual comfort 
and students’ performance, using painting, sculpture, textile, 
scenography and photography studios as case studies. Site 
observations, daylight simulations, and the occupant survey allow 
to evaluate the design solutions of the art classrooms and to 
propose the art-specific design guidelines for the visual arts 
studios. Use of the diffuse controlled natural light and directed 
artificial light, exclusion of glare, high illuminance has a great 
importance for the visual artists. Moreover, the art studios are 
larger in size and in height than the regular classrooms and require 
the specific position, orientation and size of the windows. The 
main findings of the study are the art-based classroom design 
standards, which are set according to EU space and lighting 
standards. Despite the fact that contemporary education is moving 
towards the use of smart learning environments and virtual media, 
visual arts and crafts remain an important part of the school 
curriculum. Thus, the provision of an optimal environment for the 
creative activities facilitates the balanced development of the 
students and encourages them for further creative practices. 
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