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Myopia is an eye disease that begins to develop at a young age, 
approximately between the ages of six and nine years. Children these 
ages spend a large amount of time inside school buildings. Two case 
studies have been studied to see what can be improved in school 
building design to get more light inside. Light measurements have been 
done to see what the current situation is of these schools. After this, 
several design adaptations have been simulated to see their impact on 
the light levels inside. These design adaptations included enlarging the 
windows in several ways and changing the colours and materials inside. 
They are ranked in two design matrices, rated on effectiveness, feasibility 
and costs for both renovation and newly build school buildings. Results 
show that replacing the floor with a light coloured one and replacing the 
sun shading with white thin ones , increasing the illuminance inside with 
25% and 63% respectively, are the best design strategies for renovation. 
For new school buildings it is recommended to make the windows wider 
instead of lower, which can result in an increase of illuminance inside of 
34%. 

Abstract
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1.1 Background
In recent years, the development of the eye has changed for a big part of the population. More 
people have bad eyesight and need glasses or contact lenses to correct it. The most common 
eye disorder is myopia, better known as nearsightedness. In this eye disorder, the eyeball has 
grown too long so that light is aimed in front of the retina instead of on it (Dolgin, 2015). Myopia 
begins to develop at a young age, approximately between 6 and 9 years old (Tideman, Polling, 
Vingerling, Jaddoe, Williams, Guggenheim & Klaver, 2018). Childhood myopia can become 
a big problem apart from wearing glasses or contact lenses, because it can lead to several 
serious eye disorders such as glaucoma, retinal detachment and even blindness (Drack, 2003). 
Research shows that more people are developing myopia and if nothing is done, 50% of the 
world population will have developed myopia by 2050 (Holden, Fricke, Wilson, Jong, Naidoo, 
Sankaridurg, Wong, Naduvilath & Resnikoff, 2016). The age that children are developing myopia is 
becoming lower through the years. This is probably related to the high work pressure and less time 
spend outside. Especially in Asia myopia is a big problem and around 90% of the students already 
need glasses or contact lenses (Dolgin, 2015).

1.2 Problem statement
The research on how to decrease or prevent myopia is relatively new. Because myopia begins to 
develop at a young age, the focus is on children. Methods like eye drops and eye operations are 
researched, however it is best to prevent it by adapting the lifestyle. Children spend a significant 
part of their time at school, so changing school building design might help to prevent myopia 
development.

1.3 Research objectives
The main goal of this research is to find ways related to school building design to decrease 
myopia development. The final outcome will consist of design recommendations, ranked in a 
design matrix, for decreasing myopia development. Research so far shows that these could 
be related to outdoor time, light intensity on the eye, coloured artificial light and colour use in 
general. 

1.4 Research questions
The main research question that will be answered in this thesis is:

“How can school building design help to reduce childhood myopia?”

The sub questions that will be answered are:

1. What is myopia and what causes it? 
2. How can myopia development be reduced in relation to architecture? 
3. What is the current situation of a recently build and a renovated school building in the 
Netherlands?
4. What can be improved in a recently build and a renovated school building in the Netherlands?
5. What design choices in school buildings can be made to decrease myopia?
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The first two sub questions have been answered with the help of literature and other research. 
The third sub question has been answered by doing measurements inside two case study school 
buildings. For the fourth sub question, simulations were run to see the impact of different design 
adaptations. Lastly, these design adaptations are rated in a matrix to answer the fifth and final sub 
question. 

1.5 Relevance 
The topic of childhood myopia development is relatively new and growing and if nothing is 
done, half of the world population will have myopia by 2050. This will eventually lead to many 
people with eye disorders or even blindness. For the well-being and health of all the people, 
hopefully research now can prevent this in the future. With this research, hopefully there is a little 
bit of information added gathered from Dutch school buildings about their current situation and 
where there is room for improvements. This can help in the bigger research to prevent myopia. 
The specific research has never been done; measurements in existing school buildings in the 
Netherlands and giving design recommendations for improvement based on simulations and 
ranked in a design matrix. 
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2.1 Myopia

2.1.1 Development of myopia 
In recent years, the development of the eye has changed for a big part of the population. More 
people have bad eyesight and need glasses or contact lenses to correct it. The most common 
eye disorder is myopia, better known as near-sightedness. In only fifty years the amount of people 
with myopia has been doubled and by 2050 half of the world population will have developed 
myopia (Dolgin, 2015; Holden, Fricke, Wilson, Jong, Naidoo, Sankaridurg, Wong, Naduvilath & 
Resnikoff, 2016). Myopia is an eye disorder which results in not being able to see far away. Myopia 
can be divided into two main categories: refractive and axial. Refractive myopia develops 
because the focusing power of the eye is exceptionally strong, so it focusses the image in front of 
the retina. If the retina is not reached, the image is unclear. Axial myopia is more common and 
develops because the eyeball has grown too long what causes that light is aimed in front of the 
retina instead of on it (see figure 1). This happens because there is a mismatch between several 
optical components of the eye. The cornea, the crystalline lens and the eye’s axial length (AL) 
are the most important parts ( Tideman, Polling, Vingerling, Jaddoe, Williams, Guggenheim and 
Klaver, 2018). If myopia is developed till or further than −6 diopters (D), it is called high myopia and 
corresponds with an AL≥26 mm. With high myopia, the risks of getting serious eye disorders or even 
blindness are much bigger. If the light is aimed behind the retina, the image is also unclear. This is 
called hyperopia, better known as farsightedness (see figure 1) (Drack, 2003).

         

 

Figure 1: Shape of the eyeball in common eye 

disorders  (Carr & Stell, n.d.)		

Figure 2: Most important parts of the eye to 

develop myopia  (Vision Care Clinic, n.d. with 

own adaptations) 
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Myopia begins to develop at a young age, approximately between 6 and 9 years old (Tideman 
et al., 2018). Research shows that children between these ages have a high possibility to develop 
myopia (see figure 3). The graphs shows the highest rise between the ages 6 and 9. That is why 
childhood is an important period to try to change this development. There is no significant 
variation between males and females. The graph shows that myopia can also develop further 
during teenage years and in adolescence. If the myopia development is already reduced during 
childhood, it will minimize further AL growth at a later age (Tideman et al., 2018). 
 

Figure 3: The risk of developing myopia at different ages (left: males, right; females) (Tideman, Polling, 

Vingerling, Jaddoe, Williams, Guggenheim & Klaver, 2018).

2.1.2 Ethnical differences 
How many times and how strong myopia occurs, differs strongly between different populations 
and different ethnic groups. In western Europe and the United States, it occurs at around 25% 
of the population. Only 2% has high myopia (Curtin, 1985). Studies show that in Asia myopia is a 
much bigger problem (Drack, 2003; Dolgin, 2015). Already 75% of the population has myopia and 
this is only getting worse. Recent research done in Hong Kong shows that more than 90% of the 
university students has developed myopia (Dolgin, 2015; Lam, 2001). 

2.1.3 Parental Myopia
Myopia can pass from parent to child. Studies show that if one or both parents have myopia, the 
risk that the child is born with a bigger AL has increased with around 10% (Zadnik, 1994; French, 
Morgan, Mitchell & Rose, 2013). But parental myopia is not only increasing the risk of having 
myopia, but also increasing the development of myopia for their children (Kurtz, Hyman, Gwiazda, 
Manny, Dong, Wang & Scheiman, 2007). If this goes on for generations, myopia is becoming a 
bigger problem over the years. 
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Possibilities to reduce the development of myopia are changes in lifestyle, pharmacological 
remedies such as eye-drops (atropine) and optical solutions like multifocal contact lenses 
(Tideman et al., 2018). This research focusses only on changes in lifestyle related to architecture. 
Children that develop myopia the fastest, aged between 6 and 9 years old, spend a 
significant part of their time at school. So,  school building design might help to prevent myopia 
development. 
There is a possible relationship  between light exposure on the eyeball and the development of 
myopia. During summer months, myopia develops slower (Fulk, Cyert & Parker, 2002; Gwiazda, 
Deng, Manny & Norton, 2014). Outdoor light illuminance is typically 10–1000  times higher than 
indoor light illuminance. Research shows that children should spend at least three hours a day 
under light levels of at least 10,000 lux to be protected against myopia (Dolgin, 2015). Training 
the eyes to watch further into distance more often is also important to decrease myopia 
development (Xiang & Zou, 2020). This chapter will explain some factors that can help to reduce 
myopia related to lighting design in school buildings. 

2.2.1 Green outdoor space
When spending more time outside, the eyeball receives more lux than inside. Several studies show 
that increased outdoor time reduces the risk of myopia onset (see figure 4) (Xiong, Sankaridurg, 
Naduvilath, Zang, Zou, Zhu, Lv, He, & Xu, 2017). Related to this, there is also strong evidence that 
people spend more time outside when there are a lot of big and attractive green spaces. In 
Australia, three of more hours outdoor time a day is the standard and only 30% of the 17-year-
olds have myopia (Dolgin, 2015). Spending more time outside and adding more attractive 
green spaces can help to reduce the onset of myopia, however, it cannot help to reduce the 
progression of myopia when the myopia has already been developed (Xiong et al., 2017). For 
school building design, it can still help to make the outdoor space attractive and green so the 
children will spend more time outside during their breaks. For children that age, there is a bigger 
chance that the myopia is not developed yet. 
 

Figure 4: Studies that found evidence between 

spending more time outdoors and lower risk 

of developing myopia (Xiong, Sankaridurg, 

Naduvilath, Zang, Zou, Zhu, Lv, He, & Xu, 2017).

2.2 Solutions related to architecture
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2.2.2 Colour spectrum
There is also a possible connection between the colour spectrum and myopia development. Red 
and blue light have an influence on the development of the eye. Short-wavelength light, such as 
blue light, tends to focus in front of the retina, and long-wavelength light, such as red light, tends 
to focus behind the retina (see figures 5 and 6). In recent years light therapy is studied and used to 
reduce myopia. However, a lot is still unknown (Zhang & Zhu, 2022). 
 

Figure 5: The spectral power distribution of coloured light (Baeza Moyano & González-Lezcano, 2021).

 

Figure 6: Blue light focusses in front of the retina and red light behind it (Zhang & Zhu, 2022). 

Species react different to short or long wavelengths in connection to myopia development. 
Experiments with different species showed that the relationship between light exposure and 
myopia is extremely complex. It depends on the species if short wavelengths  influence the eye 
to become myopic or hyperopic (Zhang & Zhu, 2022). Zhou, Xing, Qiang, Hua & Tong (2021) state 
that for humans the long wavelength light (red) helps to reduce myopia. In their study, the axial 
length of the eye decreased when exposed to red light therapy and continued to grow in the 
control group (see figure 7). However, Torri et al. (2017) found that not long wavelengths, but short 
wavelength violet light (360-400 nm) helps to suppress the myopic elongation of the eye. 
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Despite the conflicting research, there might be a connection. The windows that most buildings 
use probably do not let the whole colour spectrum through and the artificial lighting inside 
the classrooms only contains a small range. It could be possible that the shortest and longest 
wavelengths are filtered out, but they both help to reduce the development of myopia. Possible 
adaptations in school building design can come from this. For example, new artificial lights are 
studied with a larger colour range: LED lighting with five channels of RGCWW (red, green, cyan, 
warm white, and cool white) New windows are also studied that allow different wavelengths to 
pass through (Nie, Wang, Dang, Dong, Zhou, Yu, Zhang, Shen, Chen, Jiao, Li, Zhan, Chen, Chen, 
Kang & Wang, 2019).

2.2.3 Non-visual influence 
Light can also have an influence on the non-visual part of our body. The cells, the intrinsically 
photosensitive Retinal Ganglion Cells (ipRGC),  impact our circadian rhythms. Circadian rhythms 
consist of a period of approximately 24 hours and are autonomous processes in the body. They 
are powered by so-called circadian clocks that regulate daily rhythms of sleep and alertness, 
blood pressure and heart rate, locomotor activity, hormone secretion, body temperature, 
metabolism, and many other physiological processes (Kearney, O’Donoghue, Pourshahidi, 
Cobice & Saunders, 2017). A recent study shows that the development of myopia may be related 
to the circadian rhythm ((Giménez, Stefani, Cajochen, Lang, Deuring & Schlangen, 2022).

Melatonin is a hormone that our brain produces in response to darkness. It helps with the timing 
of your circadian rhythms (24-hour internal clock) and with sleep. Being exposed to light at night 
can block melatonin production. Kearney et al. (2017) found evidence that humans with myopia 
have higher concentrations of melatonin than people without myopia. So, it is important to 
lower the concentration of melatonin to reduce myopia. Different light levels and wavelengths 
can have different amounts of melatonin. There are five spectral weighting functions for the five 
(α-opic) retinal photoreceptor classes: S-cones, M-cones, L-cones, rods and melanopsin-based 
photoreception of ipRGCs (Giménez et al., 2022). These five predictors are compared with each 
other on how well they suppress melatonin. Figure 8 shows that the melanopic EDI is overall the 
best, except for photopic illuminances below approximately 21 lux where S-cone-opic EDI was the 
best. However, values between 21 lux are very low and will not happen very often during the day. 

Figure 7: The control group had an increase in the axial 

length and the LLRT (low intensity, long wavelength, 

red light therapy) group had a decrease (Zhou et. al, 

2021). 
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This research also studied other factors such as light exposure duration, timing and pupil dilation. 
The four main factors to suppress melatonin are in order of importance: melanopic EDI, light 
exposure duration, pupil dilation and S-cone-opic EDI (Giménez et al., 2022). Figure 9 shows the 
melatonin suppression of factors combined in different ways: exposure duration and melanopic 
EDI for undilated pupils. The coloured areas indicate sections of melanopic EDI that are 
recommended for different functions: ideal sleep environment (grey area, 0 lux), sleep supportive 
evening setting at home (cyan area, 0 till 10 lux) and daytime indoor environment (yellow area, 
from 250 lux). The dashed grey line shows the profile of 50% melatonin suppression under a 
dilated pupils situation for comparison. This graph shows that even with only 10 lux, the melatonin 
suppression can be 50% if the exposure time is long enough. 

 

Figure 8 (left): Melanopic EDI predicts melatonin suppression the best overall. 

(Giménez, Stefani, Cajochen, Lang, Deuring & Schlangen, 2022).

Figure 9 (right): Melatonin suppression in different periods of time considering exposure duration and lux 

levels (Giménez, Stefani, Cajochen, Lang, Deuring & Schlangen, 2022).

2.2.4 Materials and colours
The materials and colours of the interior can also have an impact. The classroom should be a 
pleasant place to learn and play. When done well, the interior will stimulate children to play, be 
active and go outside instead of looking at their screen. These are also factors that can reduce 
myopia development. A study that researched which materials of a desk are the most pleasant 
to read a white paper on, have found some boundary conditions (Ortiz, Zhang &Bluyssen, 2019). 
The luminance ratios should not exceed 1:3 or 3:1 between the task and the direct surrounding. 
For example, if children are writing on paper, the surroundings should not be too bright. These 
luminance ratios will also make sure that there is enough difference in colour and monotony 
is avoided. This is important to make the classroom a good space. The paper (task) should be 
slightly brighter than the table it is on. This helps for concentrating on the paper and simultaneously 
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avoids distraction. The most preferred material was a wooden-like surface, where this contrast with 
the surroundings is bigger than a white desk. The white (normal, matt, reflective) desks where the 
least preferred because they had little contrast and specularity (Ortiz, Zhang &Bluyssen, 2019).
 

Figure 10: The desk surfaces that were reviewed by children (Ortiz, Zhang &Bluyssen, 2019).

To create an environment with not too much or too little luminance contrast, the following 
reflection factors are recommended (NEN-EN 12464-1:2021):

Ceiling: 0,7 - 0,9        	Walls: 0,5 - 0,8  	 Floor: 0,2 - 0,4   	 Furniture: 0,2 - 0,7

Colours can have different effects on people: if used well, they will stimulate children to learn 
and play and even to go outside. Rooms with a balance of light colours and with elements of 
bright colours had the best correlation with learning progress. Primary and bold colors promote 
playfulness and positivity, which are ideal for preschool and elementary school environments. Blue 
is most fit for larger surfaces in classrooms. Pops of yellow can be effective in maintaining students’ 
awareness in the classroom (Hawley,2020).
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3.1 Case studies

The methodology to see what design improvements can be made is as follows: measurements 
related to light have been taken in two existing schools. One is newly built and has classrooms 
with all different orientations, the Ds Abraham Hellenbroekschool in Zwijndrecht. It has much green 
space around it for children to play in the breaks. The second one is a building with large, high 
windows, originally built in 1920 and renovated in 2022: the Pniëlschool in Rotterdam. After the 
renovation, a lot more light is coming inside. These measurements will show if the current lighting 
plan meets the requirements. 

 
Figure 11&12: Ds Abraham Hellenbroekschool in Zwijndrecht (left) and the Pniëlschool in Rotterdam (right) 

(EGM Architects, 2022).

The surroundings of the schools are also quite interesting to look at because they can have an 
effect on the light inside. As shown in figure 13, the Ds Abraham Hellenbroekschool has some high 
rise around it, but it is on the north side. The Pniëlschool has mostly buildings with the same height 
around it (figure 14). 

Figure 13 & 14: The surroundings of the Ds Abraham Hellenbroekschool (left) and the Pniëlschool (right). The 

schools are marked with an orange line (Google Earth, 2022). 
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3.2 Measurements 
 
Lighting measurements have taken place inside these two case study buildings. The 
measurements were taken inside a few classrooms with different orientations, in the hallways if 
there are study places and the outside space. In both schools the same measurement plan is 
used. The measurements consist of:

•	 Vertical illuminance at sitting eyelevel of children 
This is measured in three or five spots inside the classrooms with at least three viewing directions. 
Many different conditions have been tested, including with and without sun shading and artificial 
light. This is measured with the illuminance meter. 
•	 Indoor spectral power distribution
This can be used to calculate the melanopic illuminance. This is done in three or five spots inside 
the classroom facing straight ahead from the sitting position. The illuminance spectrophotometer 
is used to measure this.
•	 The reflectance of materials
This can be used to calculate the reflection factor. At first this was measured by placing the 
illuminance meter on the surface and pointing the luminance meter towards the same point. 
Later on in the research a new device was available that measures the reflectance for each 
material of the visible spectrum directly: the reflectance spectrophotometer. 
•	 The cumulative illuminance on the wall for a longer term
These measurements give a better understanding of the indoor light levels and cumulative light 
exposure on a longer term. This is measured with hobo loggers for one week for each 15 minutes. 

The measurement equipment: 

ρ = reflectance, L = luminance from surface, E = illuminance on surface

Illuminance Spectrophotometer

Konica Minolta

CL-500A

Illuminance meter

Konica Minolta

T-10A
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            Figures 15 and 16: The spot measurement set up and measuring the reflectance

The literature study also showed that the non-visual effect of light can have an influence on the 
development of myopia. The hormone melatonin, which is produced in darkness, needs to be 
lowered to decrease myopia. The most important factor that lowers the production of melatonin 
is the melanopic EDI  (Giménez, Stefani, Cajochen, Lang, Deuring & Schlangen, 2022). In the excel 
sheet in figure 17, provided by Luke Price from the UK Health Security Agency, the α-opic EDI’s 
can be calculated by inserting the spectral irradiance values from all the visible wavelengths 
gathered from the spectrophotometer during the measurements. 

 

Luminance meter

Konica Minolta

LS-150

Reflectance Spectrophotometer

Konica Minolta

CM-26dG

Hobo logger

Onset HOBO

U12-012-KIT
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       Figure 17: The α-opic EDI’s are given when the measured spectral irradiance is inserted 

3.3 Simulations 
After collecting on-site measurements, the two schools were modeled in Rhino, including 
surroundings, and the same measurement spots and times are simulated with Honeybee, Ladybug 
and Lark. The real measurement results are compared to see if the outcomes are similar. After 
this, the models are used to simulate some design changes, for example changing the colours on 
the walls or making the windows bigger. The simulations show if the situation is improved and how 
much. Design recommendations are made after this. The simulation script is also used to test how 
well is matches the reality on cumulative illuminance, the lux levels received during the day. In the 
future the design adaptations can be tested on their effects on cumulative illuminance as well. 

Figure 18 shows the Ladybug and Honeybee script. The surfaces with their matching materials 
are set to create a Honeybee room. The weather data and the grid can be set. After this 
the simulation is ready to run. The simulation that is used inside the script is the Point-in-time 
illuminance. 
 

Figure 18: Overview of Ladybug/Honeybee script 

Surfaces

Materials

HB Room

Grid

Weather Point-In-Time simulation
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Figure 19 shows the Lark script. In Lark the circadian, non-visual light can be studied. The literature 
showed that myopia development is related to ipRGC-influenced light (IIL), so spectral simulations 
are required. There are two main programs to do these simulations in: Lark and Alpha. Both tools 
rely on the physically accurate Radiance rendering engine, but Lark uses a 9-band spectral 
resolution and ALFA an 81-band resolution. Some studies (Pierson, Aarts & Andersen, 2022) have 
compared the two tools.  The results show that Lark, which is about three times slower than ALFA, 
leads to more correct indicators under daylight and slightly more correct indicators under electric 
light when these two are simulated together. For daylight only simulations, Lark is also more 
accurate, but for electric light only simulations, ALFA is more accurate. In this research, Lark is used 
to do the simulations because the case studies are mainly focused on daylight or a combination 
from daylight and electrical light. Literature showed that the melanopic illuminance is important 
for decreasing myopia and the Point Based Simulation in Lark can simulate that value. The model 
and conditions are used as inputs and are processed in a ‘black box’. In the outputs section the 
values for photopic and melanopic illuminance are given, as well as the spectral irradiance for 
the 9-band spectral resolution. 

 

Figure 19: The Lark script 

3.4 Design matrix
After the simulations, a design matrix will be shown where the proposed design adaptations are 
rated on their effectivity, feasibility and costs. The effectiveness follows from the simulations and 
the for the feasibility and costs three experts from EGM architects are consulted to give a rating. 
This follows in a recommendation on which design adaptations to use in Dutch school building 
design, renovation and new buildings.  

Inputs:
Sensors
Weather conditions
Electric light
Materials

Run simulation

‘Black box’

Outputs:
Photopic value
Melanopic value
Spectral irradiance
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4.1 Current situation schools

4.1.1 Measurements

Ds Abraham Hellenbroekschool
Measurements have been done on the 2nd of March and the 3rd of May. In March, the sky was 
clear, but in May there was an overcast sky (see figures 23 and 24). Since the measurements 
took place in the school holidays, there was plenty of opportunity to take measurements 
wherever seemed the most useful. Due to time management, three classrooms where selected 
to fully measure and spot measurements have taken place inside hallways with study spots, the 
courtyard and the playground. These results are fully shown in appendix A. 

 

Figure 20: The floor plans of the Ds Abraham Hellenbroekschool

The classrooms have been selected because they facilitate the target group of children between 
six and nine years old and ,within these, three are chosen that are the most interesting. Classroom 
1, orientated South-East/South-West, is interesting because it has two less windows because there 
is an extra entrance. The classroom on top, classroom 3, has the same layout but with the extra 
two windows. Measurements were done in both classrooms to compare the influence of the 
windows. Classroom 2, orientated North-East/North-West, has been chosen of this orientation and 
the fact that high rise buildings are present. The influence of these high-rise buildings is measured. 
All classrooms have the same manual indoor sun shading and artificial lighting. 

1.

2.

3.

N
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Figure 21 and 22: The indoor sun shading and artificial lighting

Figure 23 and 24: Weather data on the measurements days - March 2nd and May 3rd

The weather data for the measurement days is shown in figures 23 and 24. In May there was an 
overcast sky with differences in irradiance. The direct light is similar and sometimes even lower 
than in March, but the diffuse light is much higher in May. 

Classroom 1
Five measurement spots are selected inside all three classrooms in this school, all facing forward 
towards the screen. In this classroom the spots facing the front, left and right illuminance has been 
measured on a height of 90 cm, based on the seats inside the classroom. This has been done in 
several different conditions, where 0% means totally up for the blinds and turned off for artificial 
lighting, 50% half down for the blinds and 100% all the way down and fully turned on. 

1: blinds 0%, artificial lighting 0%
2: blinds 0%, artificial lighting 100%
3: blinds 50%, artificial lighting 0%
4: blinds 100%, artificial lighting 0%
5: blinds 50%, artificial lighting 100%
6: blinds 100%, artificial lighting 100%

As mentioned before, classroom 1 has two windows less than classroom 3. There are nine artificial 
lighting spots in a grid that can be turned off and on for each column separately (screen, middle, 
back) or all together. 

90 cm
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N

The illuminance results are shown in 
figures 26 and 27. The measurements 
of each spot (front, left, right) are 
combined together in a weighted 
graph. The ratio that is used is 50% 
front, 25% left and 25% right because 
children are looking the most at the 
teacher and screen, so in front, but 
are also quite active and tend to 
move on their seats. 

Figure 25: The floor plan of classroom 1

For both measurements in March and May results show that the spots furthest from the window, 1 
and 2, receive the least illuminance on eye level in every condition. Compared to the illuminance 
received on spots 4 and 5, a child could receive four times as much illuminance while sitting near 
windows. Measurements in May show that turning the artificial lighting on or off has almost no 
effect on the total illuminance levels during stronger daylight. 
  

Figure 26: Measurements March 2nd	 11:00                	   Figure 27: Measurements May 3rd 11:00
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Classroom 2
More or less the same five measurement spots are selected inside this classroom, all facing 
forward towards the screen with the same conditions. In the spots facing the front, left and right 
illuminance has been measured on a height of 100 cm, again based on the seat height inside the 
classroom. This has been done in the same conditions as classroom 1.

 

 

Figure 29: Measurements March 2nd  13:00                               Figure 30: Measurements May 3rd  12:00

N

The illuminance results from the 
measurements in March and May 
are shown in figures 29 and 30. The 
measurements of each spot (front, 
left, right) are combined together 
again in a weighted graph. The 
results show that only spot 1 
receives a little less illuminance on 
eye level in almost all conditions. 
Spots 4 and 5 receive again the 
most illuminance because there 
is a window in one of the viewing 
directions. 

Figure 28: The floor plan of classroom 2

100 cm

As mentioned before, classroom 2 is facing North and has 
big buildings close by. In this classroom there are also nine 
artificial lighting spots in a grid that can be turned off and 
on for each column separately (screen, middle, back) or 
all together. 
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Classroom 3
In classroom 3, which is on top of classroom 1, the same measurements spots are used to see the 
difference with two more windows with the same conditions. In the spots facing the front, left 
and right illuminance has been measured on a height of 100 cm. This has again been done in the 
same conditions. 

 

Figure 32: Measurements March 2nd  15:00                               Figure 33: Measurements May 3rd 14:00

The illuminance results are shown in 
figures 32 and 33. The measurements 
of each spot (front, left, right) are 
combined together again in a 
weighted graph. The results show 
that there is indeed a big difference 
with two more windows, especially 
for spots 1 and 2. What is interesting 
is that spot 4 now receives less 
illuminance because the window 
on the right is positioned slightly 
different. 

Figure 31: The floor plan of classroom 3

N

100 cm

In this classroom there are also nine artificial lighting spots 
in a grid that can be turned off and on for each column 
separately (screen, middle, back) or everything together. 
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Pniëlschool 
The measurements in this school have taken place on the 7th of March and the 15th of May. 
The sky was overcast in both March and May (see figures 37 and 38). Because the children were 
present during the first measurements day in March, it was harder to select the most interesting 
spots, so the spots are located at rooms where it was possible to do the measurements. Two 
classrooms, a gymnastics room, study places inside the hallways and the playground have been 
measured. The gymnastics room was chosen because it was the only room where children would 
spend some time located in the old part of the building. The hallways on the ground floor are 
mostly used for storage, so only one measurement spot is considered there. All these results are 
shown in appendix A. 

Figure 34: The floor plans of the Pniëlschool

There is automatic sun shading outside the building, but some windows do not have it. The sun 
shading has a relatively high openness factor and transmittance. The artificial lighting is also 
automatic, but just as the sun shading, it can be changed manually. However, the sun shading 
could not be lowered down in steps.

1.

2.

3.

N
Figures 35 and 36: The outdoor sun shading and the 

artificial light inside a classroom

N
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Classroom 1
In this classroom three measurement spots are selected because they were available while the 
children were inside the classroom. What was striking is that in this classroom the viewing directions 
are not all towards the whiteboard like in the Hellenbroekschool, but also to the left and right. 
The illuminance has been measured on a height of 100 cm, based on the seat height inside the 
classroom. This has been done in several different conditions:  

1: blinds 0%, artificial lighting 0%
2: blinds 0%, artificial lighting 100%
3: blinds 100%, artificial lighting 0%
4: blinds 100%, artificial lighting 100%

In this classroom there are nine artificial lighting spots in 
a grid that can only be turned off and on all at the same time. 

The illuminance results are shown in 
figures 40 and 41. The measurements 
of each spot (front, left, right) are 
combined together again in ta 
weighted graph. The ratio that is used 
is 50% front, 25% left and 25% right 
because children are looking the most 
at the teacher and screen, so in front, 
but are also quite active and tend to 
move on their seats. 

Figure 39: The floor plan of classroom 1

N

Figure 37 and 38: Weather data on the measurements days - March 7th and May 15th

On both measurement days for the Pniëlschool there was not much direct irradiance, as is shown 

in figures 37 and 38. The diffuse irradiance in May is also not significantly higher than in March, so in 

the measurement results are no big differences.

100 cm
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The results are not that different from each spot as in the first school for example. This has probably 
to do with the front viewing directions. Spot 1 is the furthest from the windows, but is the only one 
that is facing the windows.

Figure 40: Measurements March 7th 10:00		    Figure 41: Measurements May 15th 10:00

Classroom 2

N

Figure 42: The floor plan of classroom 2

The illuminance results are shown 
below in figures 43 and 44. The 
measurements of each spot 
(front, left, right) are combined 
together again in this weighted 
graph. 
What is striking in these results is 
that spot 2, close to the windows, 
is not receiving much more 
illuminance that spots 1 and 3. 
This has again to do with the 
viewing direction, away from the 
window. 

Three measurement spots were selected in this empty 
classroom. The front view direction is also not necessary 
towards the white board. The illuminance has been measured 
in viewing directions left, front and right on a height of 90 cm. 
This has again been done in the same conditions.
In this classroom there are also nine artificial lighting spots in a 
grid that can only be turned off and on all at the same time. 
 

90 cm
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Figure 43: Measurements March 7th 12:00			       Figure 44: Measurements May 15th 11:00

Classroom 3
Three measurement spots were selected in this empty gymnastics room. Because it is a gymnastics 
room, the illuminance has been measured in four viewing directions: left, front, right and back on 
a height of 100 cm in the same conditions.  
In this classroom there are also nine artificial lighting spots in a grid that can only be turned off and 
on all at the same time. 

N

The illuminance results are 
shown below in figures 46 
and 47. The measurements 
of each spot (front, left, right 
and back) are combined 
together again in this 
weighted graph. The ratio 
that is used is 25% for every 
direction.

Figure 45: The floor plan of classroom 3

100 cm
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Figure 46: Measurements March 7th 15:00		      Figure 47: Measurements May 15th 12:00
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4.2 Validation

4.2.1 Weather data
For the simulations the weather data is needed to use as an input. The satellite data has been 
downloaded from the website of Copernicus Atmosphere Monitoring Service (CAMS). This is less 
accurate than data from a ground weather station, but still gives values for the direct and diffuse 
daylight. The reason that the weather data is not used is because it was not available anymore 
for  the 2nd of March, so the satellite data is used for all the simulations. The satellite data from 
the 7th of March has been compared with the downloaded weather data from ground station 
Rotterdam/The Hague Airport to see the differences in values. 
  
  

Figures 48 and 49: Comparison of the weather data from ground station Rotterdam/The Hague Airport and 

the satellite data from Copernicus Atmosphere Monitoring Service for March 7th, 2023.

There are 45 timestamps of 15 minutes that represent the time of the day in which there was 
daylight. The DNI (Direct Normal Irradiance) graph shows that there is  some difference between 
the values, but the values are very small so it will not change a lot. On the other hand, for the DHI 
(Diffused Horizontal Irradiance) there is quite a difference between them. The DHI from the satellite 
data is in general higher, so the simulation results may also be higher. 

Mean Bias Error: -0,796 W/m2
Root Mean Square Error: 2,7 W/m2
Normalised error: 14,4%

Mean Bias Error: 16,4 W/m2
Root Mean Square Error: 33,7 W/m2
Normalised error: 57,9%
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4.2.2 Hobo calibration

The hobos loggers that are used to measure the illuminance inside the classrooms are typically 
characterised by larger errors than research-grade illuminance meters. To quantify the differences 
between the devices, the used hobos have been calibrated in comparison with an illuminance 
spectrophotometer. The hobos and the illuminance spectrophotometer have been measuring the 
illuminance levels on seven different angles. For the position facing towards the window (straight), 
this has been done for ten minutes. For all the other angles for 1 minute. In the scheme below the 
seven angles are shown. Angle 0⁰ is straight forwards to the window, where the five hobo have 
recorded for 30 minutes and the illuminance spectrophotometer three times ten minutes. For the 
calibration the data is used closest towards the hobo (see figure 50). 

Figure 50: The setup of the hobo calibration

     
Figures 51 and 52: The setup for straight towards the window and the other angles with daylight only

Hobo logger

Illuminance meter
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The measured averages of the five hobos in comparison with the illuminance spectrophotometer 
are shown in figure 53 and table 1. In almost all the cases the hobos measured a higher 
illuminance. The biggest exception is on angle -30⁰ for hobo 2. Hobo 2 has for all the other angles 
also a smaller difference with the measured values of the illuminance spectrophotometer. Angle 
0⁰ for all the hobos is striking because it would be expected to have the lowest deviation but has 
the highest instead. 

            

Figure 53: The measured deviation between the illuminance meter and the hobos with 

daylight only. 

Table 1: The measured average deviation between the illuminance meter and the hobos 

with daylight only per angle. 

1 2 3 4 5
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Figures 54 and 55: The setup for facing forward and up with artificial light only

Figure 56: The deviation of the measured values of the illuminance meter and hobos 
with artificial light only. 

Figure 56 shows the deviation of the measured values of the illuminance meter and hobos with 
artificial light only. Here, the hobos do not measure higher values in almost all cases as was the 
case with daylight only. 

1 2 3 4 5

The hobos have also been calibrated for artificial light only. Because only artificial lighting will 
not happen very often in the classrooms and does not change that much as daylight, the 
measurements have been done in two positions (facing forward and up) for 30 seconds each. In 
the graph below the averages are shown. The hobos and illuminance spectrophotometer facing 
forward are almost measuring the same illuminance levels. However, in the situation where they 
are facing up, hobos 1, 3 and 5 measure higher lux levels and hobos 2 and 4 are measuring lower 
lux levels. 
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4.2.3 Simulations 

The Honeybee script consists of five parts. First, the surfaces are set. Then, the material properties 
are given to the surfaces. A sky model is built to simulate under the exact same conditions and the 
measurement points are selected with the right view directions. Lastly, the point-in-time simulation 
is run. For now, only daylight simulations with and without sun shading are performed. Simulating 
the artificial light is more difficult because this is only possible with the older Legacy version of 
Ladybug, which does not work with Rhinoceros 7. The whole Honeybee script has to be rebuilt in 
the older version to make this work. This is a limitation of this study.

Figures 57 and 58: The 3D models of the Ds Abraham Hellenbroekschool (left) and the Pniëlschool 
(right). The schools are marked in orange.

            Table 2: Existing reflection/transmittance factors for both schools
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blinds 0%, AL 0%					            blinds 100%, AL 0% 

		      	 20,3%							       22,3%

Ds Abraham Hellenbroekschool
The same three classrooms are modeled as the classrooms where the measurements have taken 
place. In this first step, the measured and simulated values are being compared to calculate the 
normalised Mean Bias Error (nMBE). On the x-axis the spots (3 or 5) are shown with the directions in 
which they are measured (3 or 4). In appendix B all the values are shown. 
 
Classroom 1
As shown in the graphs below, the model represents the reality quite well. For each classroom 
the situations with only daylight and with or without sun shading is simulated for the days the 
measurements have taken place in March and May. The average deviation is calculated for the 
absolute values. In all the classrooms the nMBE is lower in the situation without the blinds down 
than with them. This can be explained because the illuminance levels are lower with the blinds 
down so a difference of 10 lx can already be a deviation of 20%. The sun shading is also simplified 
in the model by representing them as surfaces with homogeneous transmittance. The model 
also matches the measurements better on the days in March than in May. This can be the case 
because there is more irradiance in May and there might be a bigger error. 

nMBE

blinds 0%, AL 0%					            blinds 100%, AL 0% 

		      	 30,3%							       109,1%nMBE

March 2nd

May 3rd

4.2.4 Calibration models
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blinds 0%, AL 0%					            blinds 100%, AL 0% 

		      	 16,3%							       24,1%

For the calibrated days in May, the simulation tends to overestimate the values. This can be the 
case because the weather data also is somewhat overestimated (see section 4.2.1).

nMBE

Classroom 2
In the situation with the blinds down in classroom 2 there is an odd difference between the first 
two points. Any differences between the simulated and measured values can be caused by 
several factors, for example the weather data that is not really accurate, the reflectance is not 
simulated correctly or the model has another error.

blinds 0%, AL 0%					            blinds 100%, AL 0% 

		      	 68,0%							       21,7%nMBE

March 2nd

May 3rd
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Classroom 3
In this classroom the differences between the measured and simulated values are the biggest 
for March. This can be explained because there was a lot of direct sunlight while doing the 
measurements that the model probably cannot simulate in the right way. This is shown especially 
on the spots + directions close to the back windows, so spot + direction 4,5,6 and 13,14,15. If in 
the case of the blinds up the 5th spot, corresponding with spot + direction 13,14 and 15 are not 
included in the deviation, the deviation becomes much lower to 21,6%. 

blinds 0%, AL 0%					              blinds 100%, AL 0% 

		      	 46,4/21,6%						      33,8%nMBE

blinds 0%, AL 0%					            blinds 100%, AL 0% 

		      	 50,0%						      34,4%
nMBE

March 2nd

May 3rd
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Pniëlschool
For this school the same three classrooms that have been measured have also been modeled 
and simulated to see how accurate the model is. 
 

Classroom 1
For this school it is also the case that the situations without the blinds have lower deviations 
than with the blinds. In most cases the simulated values are overestimated, especially near 
the windows. This can be the case because the satellite data that is used is in general also 
overestimated compared to the weather station data. 

blinds 0%, AL 0%					            blinds 100%, AL 0% 

		      	 30,7%						      49,3%nMBE

blinds 0%, AL 0%					            blinds 100%, AL 0% 

		      	 43,7%						      42,9%nMBE

March 7th

May 15th
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blinds 0%, AL 0%					            blinds 100%, AL 0% 

		      	 21,0%						      28,4%nMBE

Classroom 2

blinds 0%, AL 0%					            blinds 100%, AL 0% 

		      	 109,8%						      36,7%nMBE

For this classroom the simulated values in May without the blinds are a lot higher than the actual 
measured values, but they are similar to the other peak simulated and measured on spot + 
direction 3,4 and 5. Because the spots had similar values in March, it might be the case that the 
measured values are lower because there was a sudden drop of irradiance. 

March 7th

May 15th
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Classroom 3
In this classroom the situation with the blinds down is the situation that matches the measured 
values the least. This probably has to do with the sun shading and lower values in general, so the 
differences seem bigger, but also because this is the only classroom with an awning system and 
the simulations took a lot longer. The model probably has some problems with simulating this in the 
right way. 

blinds 0%, AL 0%					            blinds 100%, AL 0% 

		      	 20,8%						      76,8%nMBE

blinds 0%, AL 0%					            blinds 100%, AL 0% 

		      	 87,0%						      181,7%nMBE

March 7th

May 15th
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4.3 Simulation results

4.3.1 Design adaptations
There are a few design adaptation that can be done to gain more light inside, such as making 
the windows bigger and installing better artificial light. However, there are also a few design 
adaptations that probably are not getting more illuminance inside, but are important for other 
aspects, such as adding bold and primary colours to stimulate the productivity inside the 
classroom. Providing the school with better thermal glazing can also have a negative effect on 
the transmittance on the light. The effects of these design adaptations on the illuminance levels 
inside are simulated. For the melanopic illuminance levels, other artificial lighting is simulated to 
see the effect. 

Enlarging the windows 
Enlarging the windows will of course help to gain more light inside. For thermal reasons, the 
windows need to be as small as possible. With these simulations is tested what the best strategy is 
for making the windows 25% bigger. 
 

          lower 		             wider 		          overall

Changing the colour of the interior walls
In the background literature it became clear that adding primary and bold colour to the 
classroom can have a positive effect on the creativity and concentration of children. With these 
simulations it is tested what the effects are inside on the lux levels when the walls are painted red, 
blue or yellow. 

Changing the material of the ceiling
Both schools have a white suspended ceiling. The reflectance can be improved if it was just a 
white painted ceiling. In this simulation the effects are tested. 
Changing the material of the floor
The Pniëlschool has a dark blue vinyl floor that is quite dark. The Hellenbroekschool has a grey 
vinyl floor. Both floors can have a better reflection if it was replaced by a light wooden floor. This is 
tested in the simulations. 
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Changing the glazing type
Clear glass has the best transmittance in terms of glazing, but sometimes, for thermal reasons, 
better glazing is required with a coating for example. If the clear glazing is replaced by Low-E 
glass, the simulations will show the consequences for the lux levels inside.

 

Figure 59: The transmittance coefficients of different glazing (Wang & Zhang, 2019)

Replacing the sun shading
Both schools have sun shading that lowers the lux levels inside, but despite that there are white 
blinds in the Hellenbroekschool and light grey sun shading in the Pniëlschool, this can be improved 
by replacing it with really thin white sun shading, but keeping the thermal performance of the 
room in mind.  

In the table below the new reflectance/transmittance factors are shown that were used for the 
simulations.

           Table 3: Reflectance/transmittance factors of design adaptations
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4.3.2 Photopic illuminance
Figures 60 and 61 show the averages of the design adaptations are shown for each classroom. All 
graphs for each classroom are shown in appendix E. The first value is the simulated value without 
adaptations. The graphs show that enlarging the windows is helpful for each classroom, but to 
which side depends on the weather conditions. All the classrooms have the highest amount of 
illuminance if the windows are made wider in March, but in May it differs more. The best option 
for the weather conditions in May would be to enlarge the windows on all side for only daylight 
without the blinds, but to make the windows lower in the condition with the blinds down. For 
the sitting positions closest to the windows, it would be the best to lower the window, but for the 
positions further from the windows, it is the best to make them wider or enlarge them on all sides. 
In general, the most classrooms have the highest illuminance levels inside on eye level for all 
positions and both weather conditions if the windows are made wider because for the simulations 
in May there is not a significant difference between all three enlarging options. 

Figure 60: Average results design adaptations March
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Figure 61: Average results design adaptations May

For both March and May the following conclusions can be drawn. Painting the walls in a bold 
primary colour has a big negative impact on the illuminance inside, from which red is the worst 
and yellow is the best. It is therefore recommended to keep the walls and large surfaces white 
and only use some bold primary colour accents in, for example, furniture. 
Replacing the floor with a light wooden floor is the most effective for all classrooms, followed 
by replacing the white suspended ceiling with a smooth white painted ceiling. Replacing the 
windows with low E glazing has also a large negative impact on the lux levels inside. 
Replacing the sun shading with thinner, white sun shading can also have a positive effect. In 
reality, the impact will probably not be this big. This might be the case because the transmittance 
of the existing sun shading was not known exactly and has been estimated. After seeing the 
impact of thin white sun shading, this has probably been estimated to low. 
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In the graphs on the left the 
relative difference of each design 
adaptation is plotted as a range for 
all classrooms in both conditions. 
Replacing the sun shading with 
thin white ones has been left out 
because no values were available 
for the situation with the blinds up, 
so the result would not be right. 

It becomes clear that making 
the windows wider has the best 
average overall. It is striking that 
for the Pniëlschool on the 15th of 
May all design adaptations are 
very similar to the simulated value, 
except for making the windows 
lower and wider. 

Figure 62: Relative difference of each design adaptation

Δ
E

Δ
E

Δ
E

Δ
E



51

In the tables below overviews of the design adaptations and their effects are shown for March 
and May. The range shows the maximum and minimum changes to the original lux levels. 

Table 4: An overview of the design adaptations and their effects in March

The measurements and simulations also showed that the front view direction of the sitting places is 
important. The results showed that In the Pniëlschool, where all the sitting places were at different 
orientations, the ones facing the windows where the best. However, facing away from the 
windows received little illuminance and it would be advised against to place the children in that 
direction. 

Table 5: An overview of the design adaptations and their effects in May
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4.3.3 Cumulative illuminance
It is also important to look at the light exposure during a whole school day; the cumulative 
illuminance. The hobo loggers have been measuring the illuminance in the classrooms for at least 
a week after the measurement days in March and May. The days with the lowest and highest 
irradiance have been taken to perform simulations for each hour children will be present at 
school. These times vary during the week, but most days this is from 8:30 till 15:30. The simulations 
have also been performed during these times. In table 6 and figure 63 the averages of each 
simulated day are shown, compared to the measured values of the hobo loggers. The deviations 
are actually better than the ones for the spot measurements, but this is because it is an average 
of the whole day. In most cases the simulated values are underestimated, but in some cases 
the measured values are slightly lower. This might also have to do with the two errors that are 
relevant: the hobos tend to measure higher values (see section 4.2.2), but the weather data is also 
overestimated (see section  4.2.1). All measured and simulated values can be found in appendix 
C.

1 2 3 4 5Hobo

Day

Table 6: The deviations between the measured and simulated values for cumulative illuminance

Figure 63: The difference between the 

measured and simulated values per day.
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4.3.4 Melanopic illuminance

The script that is used for the Lark simulations is the standard template Point Based Simulation.  This 
script allows for simulations with only daylight, only artificial light or both. The inputs consist of the 
point you want to measure and the viewing point,  the weather data, the artificial light properties 
and the properties of the materials. 
The same points that have been measured are simulated to calculate the melanopic illuminance, 
but only looking straight ahead for the sitting position. The spectral irradiance of the visible light 
spectrum has been measured and simulated for spots 1 and 5 for each classroom of the Ds 
Abraham Hellenbroekschool and spots 1 and 3 for the Pniëlschool to see how good the model 
represents reality. Shown below are the best and worst matches. The other graphs are shown 
in appendix D. What is striking is that the best and worst match are the same spot in the same 
classroom, but for a different time of the year. This can be the case because in March there was a 
clear sky and in May there was an overcast sky (see section 4.1.1).

2nd of March, blinds 0% AL 100%			          3rd of May, blinds 0% AL 100%

Figures 64 and 65: The spectral irradiance of measurements and simulations for the best (left) and worst 

(right) matches.

In the table below the deviations are shown that the lark script calculated in comparison to the 
measured photopic illuminance and melanopic illuminance. The melanopic illuminance has been 
calculated by inserting the spectral irradiance into the toolbox in Excel (see chapter 3). All the 
data can be found in appendix D. Unfortunately, the simulation does not represent the reality very 
good. Especially the Hellenbroekschool has an overestimation and for both schools the simulations 
in May have a higher deviation from the measured values. This again can be partly explained by 
the weather data that is used as an input, but also the fact that the exact weather conditions for 
these days are unknown and the Lark script asks for very precise inputs. 

Table 6: The deviations for the measured and simulated values. 

380 780580480 680 380 780580480 680
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4.4.1 Design matrix

4.4 Design solutions 

In conclusion, in the tables below the design adaptations are rated on how effective, feasible and 
expensive they are. In the total rating the effectiveness is weighted the most (50%) and feasibility 
and expenses both 25%. The rating vary from double minus for a very bad rating till double plus for 
a very good rating. The rating for the effectiveness follow from the simulation results and for the 
ratings for the feasibility and expenses, three experts from EGM Architects are consulted. The first 
table shows the design adaptations for renovations of existing school buildings, the second table 
shows them for new school buildings. 

Table 7: Rating of design adaptations for renovation of existing school buildings

Enlarging the windows may be effective, of which making them wider is the best one, but it is not 
realistic. However, there is still a small difference in how feasible and expensive the three enlarging 
options are. Making the windows lower is the most feasible of the three but this also depends 
on the inner cavity leaf that is used inside the building. Enlarging the windows overall is the least 
feasible because changes have to be made on each side. A possibility that can be further 
explored is the use of roof windows and daylight tubes. 
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Table 8: Rating of design adaptations for new school buildings

Painting the walls is not very expensive considering that they will be painted every few years 
already for maintenance. Replacing the floor is in some cases far more expensive than painting 
the walls, but it has a good feasibility. Light-coloured floors are usually not used because they will 
get dirty, but using a light-coloured floor with a pattern is possible. Replacing the whole ceiling 
for a white plastered ceiling is not realistic for renovation, but looking at the effectiveness, other 
possibilities can be considered, such as a whiter ceiling tile. Changing the glazing is also expensive 
and not realistic because the glazing is most likely already optimised for both thermal and light 
conditions. Changing the sun shading is feasible, however, thin white sun shading on the outside 
is not realistic because it will get dirty. Thin white sun shading is possible on the inside, however, for 
thermal reasons exterior sun shading is preferred. Possibilities that can be further explored are using 
venetian blinds, using two colours of sun shading in front of each other and only using sun shading 
on the lower part of the window. In this way more light is coming inside and the sun shading can 
still prevent glare. 

For new buildings a lot of these design adaptations are more feasible and less expensive. 
Enlarging the windows will be an optimalisation with the thermal conditions of the building. In the 
cases of the walls, floor, glazing and sun shading it is relatively easy to change this. In the case of 
the ceiling, it will be hard to not have a suspended ceiling because they are light-weighted and 
installations are accessible. However, the colour of the tiles can easily be changed. 
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5.1 Limitations
During the research some steps that were planned to be done did not work out the way they 
were supposed to, the models could not simulate the right results for unknown reasons or some 
errors have been made. This results in some limitations of this thesis which are listed here. 

Downloading weather data from the Rotterdam/The Hague Airport dataset is only available 
on the day itself or the previous day. For the first measurement day this was not known and the 
data could not be downloaded anymore. To still have the weather data, the satellite data has 
been downloaded.  This is less accurate, but still gives values for the direct and diffuse daylight. 
The satellite data and the weather station data have been compared with each other to see 
the differences. The satellite data is in general slightly higher and this results in higher illuminance 
values for the simulations. 

Simulating the artificial light turned out to be a lot harder than expected because this is only 
possible with the older Legacy version on Ladybug, which does not work with Rhinoceros 7. This 
would also mean that the whole Honeybee script had to be rebuilt in the older version and due to 
limited time, this was not possible anymore. This thesis does therefore not include artificial lighting 
for the design adaptations simulations done with Honeybee. 
Similar to the above, the hallways are not included because there was automatic artificial light 
that could not be turned off. Especially in the Pniëlschool this had some influence on the light level 
inside. 

The sun shading reflectance that was estimated and used is probably too low. This turned out 
when thin white sun shading was tested and the differences in values were too big to be realistic.
In the Lark script, there is a big difference between the measured melanopic values and the 
simulated values, which means that the models are not calculating it as they should. This can be 
the case because the exact sky conditions are unknown of the measurement days and need to 
be set in the script. Additionally, the exact apertures used in the schools are not available as IES- 
files, which can also explain the differences. 

5.2 Further research
Because the topic of childhood myopia is very important and upcoming, further research is 
recommended. This study could continue to test more design adaptations and to simulate 
more schools, also in combination with artificial light. It would also be good to test the design 
adaptations on their effects on cumulative and melanopic illuminance. 
Not much is known at this moment on how much childhood myopia will be decreased by 
increasing cumulative and melanopic illuminance inside schools, so it would be good to have 
more research in the future into that. 
This study has been done with tools that are not made to research childhood myopia. To research 
childhood myopia better, it would be good to have software developed that can combine the 
several simulations and to add the topic of viewing in the distance. 
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6.1 Overview
This thesis focused mainly on getting more light inside classrooms and what design adaptations 
are the most appropriate to implement to reduce myopia development among children. This 
research is done based on measurements taken and simulations performed in two case study 
buildings in the region of Rotterdam. Measurements have taken place in March and May of 2023 
in three classrooms per school to see the results under different weather conditions. After this, 
several design adaptations have been simulated to see their impact on the light levels inside. 
These design adaptations are rated on their effectivity, feasibility and costs to find out the best 
design strategies for creating more light inside classrooms. The design adaptations that are tested 
are:

•	 Enlarging the windows 25%  - lower
•	 Enlarging the windows 25%  - wider
•	 Enlarging the windows 25%  - overall
•	 Red interior walls
•	 Blue interior walls
•	 Yellow interior walls
•	 Light wooden floor
•	 White painted ceiling
•	 Low E glass
•	 White thin sun shading 

The cumulative illuminance and melanopic illuminance are also important factors in the process 
of decreasing myopia development. It is important that children receive high illuminance 
levels during the day (cumulative illuminance) and melanopic illuminance slow the myopia 
development. The measured values for cumulative and melanopic illuminance have been 
compared to the simulated values to get results on how well they match. 

The final outcome of this thesis consists of recommendations for designing school buildings, for 
both renovation and new buildings. These and other design adaptations should be researched 
more to come to a final conclusion for what design strategies are the best for decreasing myopia. 
In addition, these design strategies should also be tested on their effects for cumulative and 
melanopic illuminance. 

6.2 Research question
How can school building design help to reduce childhood myopia?

This research question can now be answered with the help of the sub questions. 

1. What is myopia and what causes it? 
Myopia begins to develop at a young age, approximately between the ages of six and nine 
years. The eyeball has grown too long what causes that light is aimed in front of the retina instead 
of on it, which results in an unclear image. Childhood myopia can become a big problem apart 
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from wearing glasses or contacts, because it can lead to several serious eye disorders such 
as glaucoma, retinal detachment and even blindness. Research shows that more people are 
developing myopia and if nothing is done, 50% of the world population will have developed 
myopia by 2050. 

2. How can myopia development be reduced in relation to architecture? 
A literature study has been done to find out what possible design adaptations could help 
to decrease myopia. In general, there needs to fall more light on the eyeball. Some design 
adaptations could help with that. These design adaptations turned out to be more green space, 
adding the ends of the colour spectrum, increasing the amount of melanopic illuminance and 
changing materials and colour. Training the eyes to watch further into distance more often is also 
important to decrease myopia

3. What is the current situation of a recently build and a renovated school building in the Nether-
lands?
Light measurements have been done in two different schools in March and May. The measured 
values show that the seats furthest away from the windows receive significantly less illuminance 
and should be improved. In the situation in May, there is already much daylight coming inside the 
classroom so the artificial light does not have a lot of impact. 
The measurements also showed that the front view direction of the sitting places is important. The 
results showed that in the Pniëlschool, where all the sitting places were at different orientations, 
the ones facing the windows where the best. The sitting positions facing away from the windows 
received significant less illuminance than facing any other direction on the same spot.
The calibration of the measurements and simulations showed that the values did not always 
match, with deviations between 16,1% and 181,7%. The situation in May had a worse match, 
which can probably be explained by the weather data that has an error and is overestimated. 

4. What can be improved in a recently build and a renovated school building in the Netherlands?
The design adaptations mentioned in section 6.1 are simulated to see their effectiveness on 
getting more light inside the classrooms. 
In conclusion, the most effective design adaptation would be enlarging the windows. This was 
tested in three ways, of which making them wider was the best with an increase in illuminance by 
34%. 
Design adaptations that are also effective are replacing the floor with a light-coloured floor, 
replacing the ceiling for a white plastered one and replacing the sun shading with very thin 
white ones. They will increase the lux levels inside by 25%, 10% and 63% respectively, where the 
blinds only will have effect when they are down. However, it should be made sure that these 
adaptations do not cause glare.  
Painting the walls in bold, primary colours has a negative effect on the light levels inside, so it is 
recommended to only add pops of colours in, for example, furniture. Lastly, replacing the clear 
glazing with low E glazing for thermal reasons also had a negative effect on the illuminance inside, 
so an educated consideration has to be made by design for optimal lighting and optimal thermal 
conditions.     
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One observation that was made is that sitting positions facing the windows were the best and 
facing away from them the worst, so it would be advised against to place the children facing 
away from the window. 

These design adaptations can also be tested on their effects on cumulative and melanopic 
illuminance. Due to time management, the measurement and simulation results are only 
compared to each other to see how well the model represents the reality. The hobo loggers 
had a small deviation with the simulation results, but the hobo calibration and the weather data 
both have errors that could explain that. The melanopic illuminance measurements had a better 
match with the simulation results when there was a clear sky. This is probably the case because 
the settings in Lark have a clear sky as default. 

5. What design choices in school buildings can be made to decrease myopia?
The design adaptations mentioned in section 6.1 are rated on their effectivity, feasibility and costs 
in a design matrix. The main conclusions are listed here.

Enlarging the windows may be effective, but it is not realistic for renovation. A possibility that 
can be further explored is the use of roof windows and daylight tubes. For new build schools it is 
recommended to make the windows wider, considering the thermal conditions of the building. 
Painting the walls is not very expensive considering that they will be painted every few 
years already for maintenance, however it is not effective so this design adaptation is not 
recommended. 
Replacing the floor is in some cases far more expensive than painting the walls, but it has a good 
feasibility. Light-coloured floors are usually not used because they will get dirty, but using a light-
coloured floor with a pattern is possible. Considering how effective this is, this design adaptation 
is recommended for both renovation and new buildings. Replacing the whole ceiling for a white 
plastered ceiling is not realistic for renovation, but looking at the effectiveness, other possibilities 
can be considered, such as a whiter ceiling tile. It will be hard to not have a suspended ceiling in 
new buildings because they are light weighted and installations are accessible. 
Changing the glazing is expensive and not realistic because the glazing is most likely already 
optimised for both thermal and light conditions. Changing the sun shading is feasible, however, 
thin white sun shading on the outside is not realistic because it will get dirty. Thin white sun shading 
is possible on the inside, however, for thermal reasons exterior sun shading is preferred. Possibilities 
that can be further explored are using venetian blinds, using two colours of sun shading in front of 
each other and only using sun shading on the lower part of the window. In this way more light is 
coming inside and the sun shading can still prevent glare. 

In conclusion, some of the design adaptations can significantly improve the illuminance inside 
classrooms and other design adaptations can lower them remarkably. However, these specific 
design adaptations with their effects are only tested on two case studies, and they could perform 
different in other buildings. More design adaptations can be tested, also in combination with 
artificial lighting. Therefor further research on this important topic is recommended.
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A: Measurement results

Ds Abraham Hellenbroekschool, classroom 1, 3rd of March

Ds Abraham Hellenbroekschool, classroom 1, 3rd of May

Ds Abraham Hellenbroekschool, classroom 2, 3rd of March
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Ds Abraham Hellenbroekschool, classroom 2, 3rd of May

Ds Abraham Hellenbroekschool, classroom 3, 3rd of March

Ds Abraham Hellenbroekschool, classroom 3, 3rd of May
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Ds Abraham Hellenbroekschool, common spaces, 3rd of May

Ds Abraham Hellenbroekschool, common spaces, 3rd of March
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Pniëlschool, classroom 1, 7th of March

Pniëlschool, classroom 1, 15th of May

Pniëlschool, classroom 2, 7th of March
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Pniëlschool, classroom 3, 7th of March

Pniëlschool, classroom 2, 15th of May

Pniëlschool, classroom 3, 15th of May
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Pniëlschool, common spaces, 7th of March

Pniëlschool, common spaces, 15th of May
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B: Simulation results
Ds Abraham Hellenbroekschool, classroom 1, 2nd of March, blinds 0%, AL 0%
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Ds Abraham Hellenbroekschool, classroom 1, 2nd of March, blinds 100%, AL 0%
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Ds Abraham Hellenbroekschool, classroom 1, 3rd of May, blinds 0%, AL 0%
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Ds Abraham Hellenbroekschool, classroom 1, 3rd of May, blinds 100%, AL 0%
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Ds Abraham Hellenbroekschool, classroom 2, 2nd of March, blinds 0%, AL 0%
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Ds Abraham Hellenbroekschool, classroom 2, 2nd of March, blinds 100%, AL 0%
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Ds Abraham Hellenbroekschool, classroom 2, 3rd of May, blinds 0%, AL 0%
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Ds Abraham Hellenbroekschool, classroom 2, 3rd of May, blinds 100%, AL 0%
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Ds Abraham Hellenbroekschool, classroom 3, 2nd of March, blinds 0%, AL 0%
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Ds Abraham Hellenbroekschool, classroom 3, 2nd of March, blinds 100%, AL 0%
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Ds Abraham Hellenbroekschool, classroom 3, 3rd of May, blinds 0%, AL 0%
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Ds Abraham Hellenbroekschool, classroom 3, 3rd of May, blinds 100%, AL 0%
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Pniëlschool, classroom 1, 7th of March, blinds 0%, AL 0%
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Pniëlschool, classroom 1, 7th of March, blinds 100%, AL 0%
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Pniëlschool, classroom 1, 15th of May, blinds 0%, AL 0%
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Pniëlschool, classroom 1, 15th of May, blinds 100%, AL 0%
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Pniëlschool, classroom 2, 7th of March, blinds 0%, AL 0%
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Pniëlschool, classroom 2, 7th of March, blinds 100%, AL 0%
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Pniëlschool, classroom 2, 15th of May, blinds 100%, AL 0%
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Pniëlschool, classroom 2, 15th of May, blinds 100%, AL 0%
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Pniëlschool, classroom 3, 7th of March, blinds 0%, AL 0%
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Pniëlschool, classroom 3, 7th of March, blinds 100%, AL 0%
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Pniëlschool, classroom 3, 15th of May, blinds 0%, AL 0%
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Pniëlschool, classroom 3, 15th of May, blinds 100%, AL 0%
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C: Cumulative illuminance

Hellenbroekschool classroom 1

Least day 4/3 Best day 6/3

Least day 7/5 Best day 8/5

Hellenbroekschool classroom 2

Least day 4/3 Best day 6/3

Least day 7/5 Best day 8/5

Hellenbroekschool classroom 3

Least day 4/3 Best day 6/3

Least day 7/5 Best day 8/5
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Pniëlschool classroom 1

Least day 10/3 Best day 11/3

Least day 16/5 Best day 22/5

Pniëlschool classroom 2

Least day 10/3 Best day 11/3

Least day 16/5 Best day 22/5
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D: Melanopic illuminance
Tables

Hellenbroekschool classroom 1

March 2nd

May 3rd

Hellenbroekschool classroom 2

March 2nd

May 3rd

Hellenbroekschool classroom 3

March 2nd
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May 3rd

Pniëlschool classroom 1

March 7th

May 15th

Pniëlschool classroom 2

March 7th
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May 15th

Pniëlschool classroom 3

March 7th

May 15th
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March 2nd
blinds 0%, AL 100%

March 7th
blinds 0%, AL 100%

Graphs

380 780580480 680 380 780580480 680

380 780580480 680380 780580480 680

380 780580480 680 380 780580480 680

380 780580480 680 380 780580480 680
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May 3rd
blinds 0%, AL 100%

380 780580480 680 380 780580480 680

380 780580480 680 380 780580480 680

380 780580480 680380 780580480 680

380 780580480 680 380 780580480 680
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May 15th
blinds 0%, AL 100%

380 780580480 680 380 780580480 680

380 780580480 680380 780580480 680

380 780580480 680 380 780580480 680

380 780580480 680380 780580480 680
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E: Design adaptations 

March 2nd
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March 7th
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May 3rd
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May 15th
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