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Abstract 

Light is essential to human’s rhythm. It is therefore necessary to adapt the lighting of a building to its 

occupants in order to support them during their specific activities. This thesis has been entirely centred on 

addressing the needs and requirements of students in architecture for their visual and non-visual 

responses, and to sustain at once, their learning experience, as much as their comfort, health and 

wellbeing.  

To answer this problematic, it was needed to characterise the needs of the students, particularly in terms 

of the lighting that is demanded to support their visual task performance, and the specific non-visual 

requirements that are dictated by their working and living styles. To do so, this thesis was articulated on 

three fundamental research methodologies: surveys, measurements, and simulations. They were done in 

the actual studios. Based on the results obtained from the analysis of the actual design studios and its 

inhabitants, verification and recommendations can be provided for the design of the new building. 

The lighting strategies for an architectural design studio should support the students and the pedagogy 

with great horizontal and vertical homogeneity, good colour rendering, and consistent luminous intensity. 

Moreover, daylight with a view would always be the preferred source of this light, but this has to be 

complemented by a spectrally-tunable and flexibly adaptable electric lighting system. Yet personal control 

is an element of major importance because all users of an architectural design studio should be able to 

choose, and adapt, the lighting they need at the time they want. 

 

La lumière est essentielle pour le rythme de vie des humains, il est donc nécessaire d'adapter celle-ci aux 

occupants des bâtiments afin de les aider dans leurs activités spécifiques. Cette thèse a été entièrement 

axée sur les besoins et les exigences des étudiants en architecture pour leurs besoins visuels et non visuels, 

et pour soutenir à la fois leur expérience d’apprentissage, ainsi que leur confort, leur santé et leur bien-

être.  

Pour répondre à cette problématique, il était nécessaire de définir les besoins des étudiants, en particulier 

en termes d’éclairage requis pour soutenir leur performance visuelle, et les exigences non visuelles 

spécifiques qui sont dictées par leur méthode de travail et leur mode de vie. Pour ce faire, cette thèse 

s'articule autour de trois méthodes de recherche fondamentales : les enquêtes, les mesures et les 

simulations. Ces trois étapes ont été effectuées dans les ateliers actuels et, sur base des résultats obtenus 

à partir de l'analyse de ces ateliers et de leurs habitants, des vérifications et des recommandations peuvent 

être fournies pour la conception du nouveau bâtiment. 

Les stratégies d’éclairage d’un atelier d’architecture doivent soutenir les étudiants et la pédagogie avec 

une grande homogénéité, horizontale et verticale, un bon rendu de couleurs et une intensité lumineuse 

constante. En outre, la lumière du jour avec une vue extérieure sera toujours la source de lumière à 

privilégier, mais elle doit être complétée par un système d'éclairage électrique à réglage spectral et 

adaptable de manière flexible. Le contrôle personnel est un élément d'une importance majeure, car tous 

les utilisateurs d'un atelier d’architecture devraient pouvoir choisir et adapter l'éclairage dont ils ont 

besoin au moment où ils le souhaitent. 
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1. Introduction 

Problem Statement 

This thesis is based on a unique opportunity that was presented to the author this year: to contribute to 

the design of a new building to host the students of the Faculty of Architecture LOCI in Louvain-la-Neuve. 

As a matter of fact, the reflection on this project was in progress when the theme for this research was 

being chosen. The focus of this thesis was, therefore, oriented towards the analysis of the lighting 

strategies that can serve the specific needs of a population of students of architecture. The purpose of this 

work was not, of course, to challenge or modify the design or elaborate alternative proposals, but rather 

to test and validate the solutions proposed by the design team, and suggest complementary strategies 

that can be used for the benefit of the students and the pedagogy of architecture applied in this university. 

Light was selected as the central theme of this research since human life entirely depends on it. Light 

provides the necessary stimulus to carry visual tasks, but it is also necessary for our comfort, health, and 

wellbeing. Other than allowing us to see, light is an important trigger of our moods, alertness, hormonal 

regulation, and metabolic balance. Regular exposure to the 24h-cycle of light and dark, in fact, allows our 

body to follow this natural pattern and regulate its circadian rhythm, so that during the day we can be 

active outside, while at night we have rest. However, this is what should happen in theory as today, in our 

contemporary society, we spend most of our time inside buildings, disrupting our access to natural lighting 

stimuli. This problem is particularly evident for students of architecture, also due to the specific 

requirements of these studies. Architecture students often need to work on their design developments 

for many hours, at day and night, involving very stringent visual conditions (e.g., for acuity and detail 

resolution) and focusing on visual tasks of different nature (e.g., computer screens, drawings, 3D models). 

All these tasks are generally accomplished in dedicated spaces, the design studios, that most often were 

not designed to respond to these specific functions in the first place, hence entailing lighting strategies – 

both, daylight and electric lighting – that are completely unresponsive to the specific needs of the students 

and the patterns of their lives. For these reasons, this thesis aims to focus on the lighting needs of students 

of architecture to sustain their visual tasks but also their non-visual (e.g., circadian) requirements, hence 

encompassing issues of visual comfort and performance but also the importance of light exposure for 

health and wellbeing. The following research question will be the centre of this thesis:  

What type of lighting strategy – integrating daylight and electric lighting – is necessary to support 

the pedagogy of architectural design studios and the learning experience of students? 

 

1.2. Research Hypotheses  

To address this question, the research hypotheses need to encompass consideration of both, the visual 

and the non-visual systems. Based on a broad review of the scientific literature, the following section of 

this thesis presents the theoretical grounding on which this work has been founded.  

The first hypothesis is that lighting strategies, both daylight and electric lighting, can play a fundamental 

role to support the design and spatial distribution of the architectural design studios.  

This concept is easy to observe in practice as for example, in the current studios, activities tend to be 

concentrated in the areas that are best illuminated (Baldwin et al., 2023). Students constantly strive to 

obtain a maximum amount of even lighting distribution when they are working, and often they change the 
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position of their tables, or they select carefully the surfaces where to display their drawings. To support 

the student’s learning experience, they need to have access to the right light, and at the right time.  

The second hypothesis is that lighting strategies can be effective to sustain the subjective, psychophysical 

and physiological, needs of the students.  

To better understand the meaning of this hypothesis, it is important to define these two words: 

psychophysical and physiological. According to the Collins dictionary, psychophysics is “the branch of 

psychology concerned with the relationship between physical stimuli and the effects they produce in the 

mind”, and physiology is “the scientific study of how people's and animals' bodies function” (Collins, 2023). 

Indeed, student’s needs are the centre of this research, and all the thesis focuses on these since they spend 

a lot of their academic time in the architectural design studios, and it is necessary that they are supported 

by appropriate lighting exposures. 

This thesis is based on the assumption that lighting strategies can sustain the pedagogy of architectural 

design studios and the learning experience of students, offering conditions that can support their work 

but also enhance their health, mood, alertness, and circadian regulation. Yet, students (and buildings’) 

subjective requirements might be different, as would the specific lighting characteristics needed for their 

work. Hence, the aim of this work is not to impose restrictive lighting solutions that need to be enforced 

in design studios, but rather to test and propose a range of opportunities and solutions that designers, 

managers, and building users might select to adopt based on their individual needs and preferences. 
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2. Literature Review 

The aim of this section is to summarise the knowledge about the subject, specifically focusing on the 

lighting comfort and wellbeing for the students in their architectural design studios. We will focus first on 

the current scientific knowledge on light and its definition, and then on the pedagogy in the design studios. 

This section will also introduce the specific case of the studios at the Faculty LOCI in Louvain-la-Neuve, 

hence providing a basis of reference for the development of this research.  

 

Light  

2.1.1. What is Light?  

The correct use of light in our buildings is essential for the comfort of the occupants, thus it is important 

to understand the interactions between light and people. To this aim, it is necessary to understand what 

light effectively is. The role of light can be separated into two categories: visual and non-visual. Visual 

effects focus on how light can enable us to see, while non-visual responses are concerned with how light 

changes our body, what we cannot see but what we can feel (in the short as in the long term).  

Peter R. Boyce (2014) provides a context for these two requirements by stating:  

• “Physically, daylight is simply electromagnetic radiation in the wavelength range that is emitted by 

the sun, scattered in the atmosphere and absorbed by the photoreceptors of the human visual 

system.” 

• “Physiologically, the response of the human system to the light spectrum is determined by the 

spectral sensitivities of the different photoreceptors in the eye.” (Boyce, 2014) 

Visual Requirements 

Everyone knows what light is because we need it in order to be able see. Yet, for the development of this 

thesis, it is important to understand the effects that light generates and how it can be produced.  

Daylight in the natural environment is “the light from the sun filtered by the atmosphere, producing a 

broadband spectrum with characteristic ‘dips’ corresponding to absorption of light by molecules in the 

atmosphere” (Webler, Spitschan, Foster, Andersen, & Peirson, 2019). Changes in the spectral composition 

and in the intensity of daylight happen regularly mainly due to the position of the sun with respect to the 

Earth, but they can also be determined by variations within the composition of the atmosphere. This is 

also, for example, why the quality and quantity of daylight changes with the different seasons.  

Light is a form of electromagnetic radiation that supports visual perception: it is necessary for the human 

visual system to activate the visual experience of the surrounding environment. The visible spectrum of 

light corresponds to the wavelength region between 380 and 780 nm, as presented in Figure 1 (Boyce, 

2014). The solar spectrum is divided into three different bands: the visible one represents almost 50% of 

the solar radiation’s total energy; 45% corresponds to the infra-red region between 700 to 2500 nm; and, 

the last 5% correspond to ultraviolet rays included in the range between 280 to 380 nm (Architecture-et-

Climat, 2014). 
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Figure 1 - Schematic diagram of the electromagnetic radiation. Source: (Boyce, 2014) 

 

The visual range differs from the other wavelength bands due to the response from the human visual 

system, involving the eyes and the brain, which over evolutionary scales have adapted to convert these 

electromagnetic impulses into electric stimuli that can trigger visual perception. Among the forms of light, 

daylight is characterized by a continuous spectrum of radiation, featuring wavelengths that can vary over 

the times of day, the meteorological conditions, the latitude, and the seasons (Boyce, 2014). 

From a perspective of photometry, the branch of physics describing the various measures of light, based 

on how it is produced and transferred, it is important to distinguish between the following (Figure 2):  

1. The light produced by a source is characterized by a luminous flux, “the quantity of radiant flux which 

expresses its capacity to produce visual sensation” (Boyce, 2014), which is expressed in lumens.  

2. When light is moving in a certain direction, its luminous intensity can be measured in candelas, these 

representing “the luminous flux emitted in a very narrow cone containing the given direction divided 

by the solid angle of the cone, that is, luminous flux/unit solid angle” (Boyce, 2014). 

3. When the light arrives on a surface, the process of illumination can be characterized by its illuminance 

measured in lux or lumens/m², “the luminous flux/unit area at a point on a surface” (Boyce, 2014).  

4. Finally, the part of light that is reflected (or transmitted) by a surface in a given direction is called 

luminance, and measured in cd/m², that is “the luminous flux emitted in a given direction divided by 

the product of the projected area of the source element perpendicular to the direction and the solid 

angle containing that direction, that is, luminous intensity/unit area” (Boyce, 2014).  

For the purpose of this thesis, particularly in terms of the description of the spectral composition of light 

(that is, its composition based on the distribution of its wavelengths), it is also essential to introduce a 

further metric, that is the correlated colour temperature, measured in Kelvin, physically described as the 

“equivalent temperature of a black body emitting within a defined wavelength range” (Boyce, 2014).  
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Figure 2 - Schematic diagram of lighting measures. 
Source: https://www.google.be/url?sa=i&url=https%3A%2F%2Fluminusdevices.zendesk. com%2Fhc%2Fen-

us%2Farticles%2F4403668356109-What-s-the-Difference-Luminance-Luminous-Flux-Illuminance-Luminous-Intensity-Lux-
Lumens-&psig=AOvV 

 

Good light for vision is characterized by a high level of illuminance and a balanced composition of its 

spectrum to enhance colour discrimination with respect to the colour rendering that is produced by 

daylight. Other than these parameters, luminance is also an important factor that affects the quality of the 

luminous environment, particularly in terms of visual comfort. In fact, increasing the luminance of a source 

may lead to strain and fatigue within the visual system, this resulting in a decline of visual efficiency. An 

excessive luminance can also lead to discomfort glare which can distract or annoy people, also irrespective 

of their capacity to perform a visual tasks (Liu, Zhang, Wu, & Yang, 2021). 

To complement daylight, electric lighting (often referred to as artificial lighting) can come in many variants, 

among which, currently, the most common are incandescent and fluorescent lighting fixtures and the light 

emitting diodes (LED). Each of these lighting technologies is characterized by a different spectrum. Light in 

an indoor environment should preferably favour a correct blending between artificial and natural lighting, 

unless in a windowless space. Conversely, the illuminance in a room is often the mixture of transmission 

and reflection of artificial and natural illumination (Webler et al., 2019). 

Other than characterising physically the luminous stimulus, it is also important to understand how visual 

perception is triggered: the eye that captures the light and the brain that interprets it. Peter R. Boyce 

(2014) explains that the functioning process of the visual system includes two parts (Boyce, 2014): 

• an optical system that produces an image on the eye’s retina. 

• an image-processing system that extracts different aspects of that image at various stages of its 

progress from the retina to the visual cortex, while preserving the location of the information. 

To better understand how this process operates, it is essential to understand how the eye and the retina 

operate. Light enters the eye by the pupil, an optical aperture that regulates the amount of light that can 

reach the photoreceptors located on the retina (Figure 3): an average of 125 million rods and 5 million 

cones. These photoreceptor types are responsive to different characteristics of light such as its intensity, 
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spectrum, position, size, and temporal resolution (Barrionuevo, Issolio, & Tripolone, 2023). These 

biological photoreceptors are not equally sensitive to all wavelengths of light, with cones assuring a tri-

chromatic vision (red, green, blue) in bright light, and rods offering monochromatic vision under dim 

lighting conditions (Enezi et al., 2011). 

 

 

Figure 3 - The human eye. Source: (Boyce, 2014) 

 

The information triggered by the luminous stimuli is transmitted from the retina, through the optic nerve, 

to the visual cortex, which is located at the back of the cerebral hemisphere (Boyce, 2014).  

Non-Visual Effects 

Other than allowing us to see, light exposure has many other effects on our body, influencing our health, 

human physiology, and behaviours, as well as contributing to regulate our circadian rhythm, sleep, 

alertness, mood, and several neuroendocrine and cognitive functions (Brown et al., 2022). These 

responses are known as non-image-forming (NIF) or, more generally, non-visual effects (Boyce, 2014), and 

their consideration is essential to promote physical, physiological and mental health, other than visual 

performance (Brown et al., 2022). Discoveries about the non-visual system are relatively recent, and its 

processes are better known since a new form of photoreceptors was identified at the end of the last 

century, the intrinsically photosensitive retinal ganglion cells (ipRGCs) (Boyce, 2014). Situated in a different 

layer of the retina than the cones and rods, the ipRGCs have different characteristics and responses than 

the known photoreceptors, yet still active within the mesopic range (that is, they can be stimulated also 

at the presence of very dim lighting conditions) (Barrionuevo et al., 2023). They contribute to control the 

size of the pupil and have a fundamental role in entraining the circadian rhythm to the natural 24h cycle. 

The ipRGCs can convert the electromagnetic luminous signal into a neurochemical signal through the 

expression of melanopsin, a photopigment whose spectral sensitivity differs radically from those of cones 

and rods and which shows peak in the short-wavelength (blue) region at around 480 nm (Boyce, 2014) 

(Brown et al., 2022). This is represented by the blue curve (melanopic) in Figure 4. Conversely, the green 

curve (photopic) illustrates the combined spectral sensitivity of the three types of cones in the retina, with 

a peak corresponding to around 555 nm. The differences between these two spectral sensitivity curves 

clearly illustrates the need for lighting strategies to take into account, at once, the melanopic function 

corresponding to the non-visual effects and the photopic luminous efficiency function related to the 

functioning of the visual system (Houser, Boyce, Zeitzer, & Herf, 2020). 
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Figure 4 – Differences in photopic and melanopic spectral sensitivity formalized in the SI-compliant for quantify ipRGC-influenced 
responses to light. Source: (Brown et al., 2022) 

 

There are at least three different subtypes of ipRGCs in the human body, each with a different response 

to light (Houser et al., 2020), and all contribute to regulate our body’s biological functions. Among these, 

the circadian rhythm represents the cyclic sequence of a series of daily events, including – as already 

mentioned – the regulation of sleep, alertness, mood, neuroendocrine and cognitive functions, etc. 

(Houser et al., 2020). The internal metabolic cycles controlling the occurrence of sleep/wake and 

fasting/feeding times are an important output of the circadian clock (Marcheva et al., 2013). Sleep is 

regulated by the principle of homeostatic pressure (Figure 5) that controls a series of physiological 

parameters (Cannon, 1929). The term homeostasis can be explained as: “the maintenance of metabolic 

equilibrium within an animal by a tendency to compensate for disrupting changes” (Collins, 2023).  

 

Figure 5 - Homeostatic pressure and Circadian rhythm. Source: (Carmon, 2020) 
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Without external regulation, the human circadian rhythm would naturally vary between 23.5 and 24.7 

hours, with an average of 24.2 hours for healthy adults (Carmon, 2020). It is therefore necessary for the 

body to rely on consistent triggers in order to entrain the duration of this cycle to the constant 24h 

duration of the alternation between day and night (Marcheva et al., 2013). Among the environmental cues 

that help to synchronise the circadian system, one of the most potent triggers is indeed the regular 

exposure to light of a certain intensity, duration, spectrum, timing, and temporal resolution (Brown et al., 

2022). Light exposure can also play a great role for mood and learning regulation (Fernandez et al., 2018), 

over longer timeframes (Houser et al., 2020). In fact, mood disorders have long been associated with light 

exposure (particularly when this is not adequate or sufficient), including conditions such as the seasonal 

affective disorder (SAD) (Bedrosian & Nelson, 2017).  

Light exposure also orchestrates the synthetization of several hormones to support the physiological 

processes of the human body. These are called neuroendocrine responses to refer to how the brain 

regulates the secretion of hormones (Houser et al., 2020). The principal hormones are melatonin and 

cortisol. As shown in Figure 6, before awakening, cortisol increases to facilitate the switch from sleep to 

wakefulness (Carmon, 2020). It will decrease during the day and this cycle is reproduced every day. It is 

the same for melatonin, which increases in the body when cortisol is low at the end of the day (Altomonte, 

2009). On the image, it is also possible to observe a similar pattern for the cycles of alertness and body 

temperature, which are not hormonal but still are orchestrated by the circadian rhythm (Boyce, 2014).  

 

 

Finally, the regulation of the circadian rhythm plays a fundamental role in our cognitive functions, including 

learning, mental abilities, thinking, reasoning, remembering, problem-solving, decision-making, and 

attention (Fisher, Chacon, & Chaffee, 2019). On these bases, various studies have focused on quantifying 

the non-visual effects that light exposure inside buildings can have on the human body. Among these, 

research has shown that a high exposure to circadian-effective light during the morning can enhance the 

performance of office workers, with significant changes to their circadian entrainment, sleep quality and 

mood (including a reduction of stress) (Figueiro et al., 2017). A study also stated that “when exposure to 

light is mistimed or nearly constant, biological and behavioural rhythms can become desynchronized, 

leading to negative consequences for health” (Bedrosian & Nelson, 2017). Due to the importance of light 

for our health, it is easy to understand why staying indoors with inappropriate electrical lighting can have 

negative impacts on health, sleep, and productivity (Brown et al., 2022). Among the measures defined to 

evaluate the exposure to luminous stimuli for circadian entrainment, the circadian stimulus (CS) value has 

been proposed (Figueiro et al., 2017). This will be presented in the following section. 

Figure 6 - Circadian rhythms. Source: (Altomonte, 2009) 
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2.1.2. Parameters, Measures and Metrics  

For the development of this thesis, it is important to define the parameters, measures, and metrics that 

the scientific literature has established to benchmark the visual and non-visual performance of spaces.  

The previous section has presented the principal measures used in photometry to quantify the visual 

effects of light: luminous flux, luminous intensity, illuminance, luminance, and correlated colour 

temperature. These are respectively expressed in lumens, candela, lux (lm/m²) – or, more correctly the 

“photopic lux” (Enezi et al., 2011) - cd/m², and Kelvin. These metrics will be used throughout the thesis, 

although other parameters have been recently proposed to also encompass the climate, time and location 

dependency of light distribution inside spaces (these are generally referred as Climate-Based Daylight 

Modelling, or CBDM metrics).  

Before introducing the metrics embedded within the CBDM framework, the daylight factor (DF) needs to 

be mentioned. This is the oldest, and most widely applied, metric used to benchmark the spatial 

distribution of light within a space. The DF (or FLJ, facteur de lumiere du jour in French) is defined by the 

ratio of the internal illuminance at a point in a building to the external illuminance without any obstacles 

under a fully overcast sky (often referred as CIE sky, as defined by the Commission Internationale de 

l’Eclairage). This metric was developed in the United Kingdom in the 20th century (Fuse IQ, 2021) and is 

expressed as a percentage. For example, assuming that there are 500 lux inside and 10000 lux under an 

overcast sky, the corresponding daylight factor is 500 lx / 100000 lx = 2% (Reinhart, Mardaljevic, & Rogers, 

2006). DF serves as a quick comparison of relative daylight penetration under overcast conditions. The 

LEED rating system requires DF to be a minimum of 2% for at least 75% of the critical visual task areas 

(Fuse IQ, 2021).  

Among the CBDM metrics, the Daylight Autonomy (DA) is an indicator of whether there is sufficient annual 

daylight on a horizontal plane, often used on working surfaces. DA is a percentage of annual daytime hours 

when a given point is above a specified illumination level (Reinhart et al., 2006). 

 

 

Figure 7 - Daylight Autonomy. Source: (Fuse IQ, 2021) 
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Within the same type of metrics, continuous Daylight Autonomy (cDA) is a modification of DA. In this case, 

partial credits are awarded when annual daylight illuminance lies below the minimal illuminance level. As 

shown on Figure 8 by the yellow diagram, a line from zero to the minimal level is added.  

 

 

Figure 8 - continuous Daylight Autonomy.  Source: (Fuse IQ, 2021) 

 

Useful Daylight Illuminance (UDI) is also used throughout this thesis. Proposed by Mardaljevic and Nabil in 

2005, it is a modification of the Daylight Autonomy that includes consideration of dynamic daylight 

performance on a working plane. The principle of this metric is that, if the level of illuminance is too low 

or too high, then it is not useful to carry out a visual task. For this reason, it has been proposed that annual 

daylight illuminance in the range 100-2000 lx (at times, also the range 100-3000 lx is used) should be 

considered as offering potentially useful illumination for the occupants (Nabil & Mardaljevic, 2006). 

Looking at Figure 7 and Figure 9, it is easy to compare the two metrics due to the colours of the diagrams.  
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Figure 9 - Useful Daylight Illuminance. Source: (Fuse IQ, 2021) 

 

To benchmark the non-visual performance of a space, the Circadian Stimulus (CS) is a metric that expresses 

the potential for melatonin suppression and its effects on the synchronisation of the circadian rhythm. The 

CS metric is based on consideration of the light spectrum, duration, intensity, and timing, since all these 

parameters can directly (and indirectly) affect the circadian system. The measurement, or simulation, of 

this metric is particularly relevant as disruption of the CS can have very serious consequences on the health 

and well-being of people. Figure 10 presents the saturation of the CS produced by daylight, its maximum 

being established at a value of 0.7. The CS value needs to be at least 0.3 for one hour during the morning 

for the promotion of good circadian entrainment (Acosta, Campano, Leslie, & Radetsky, 2019). This will be 

the minimum threshold that will be considered for the development of this research. 

 

 

Figure 10 - Relationship between the spectrally weighted levels of the circadian light and the measured levels of nocturnal 
melatonin suppression. Source: (Acosta et al., 2019) 
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2.1.3. Visual Comfort and Health 

Visual comfort is a subjective response that is linked to the quantity, distribution, and quality of light within 

a space (Architecture et Climat, 2014). A luminous environment can be considered as comfortable when 

it offers the capacity to see objects clearly and without fatigue, and with good colour rendering. If there is 

not enough light in the environment, an unacceptable distribution, or if the light spectrum is not adapted 

to the eyes’ sensitivity, then occupants can start to feel fatigue, visual discomfort, loss of concentration or 

headaches (CEN, 2021). Several parameters influence the achievement of visual comfort (Architecture et 

Climat, 2014), among which those directly related to the design of architectural spaces are: 

• The illuminance level on the visual task; 

• An adequate colour rendering (compared to daylight); 

• A harmonious distribution of light in spaces; 

• The ratios of luminance present in the room; 

• The absence of uncomfortable shades or excessive contrast; 

• The highlight of reliefs and shape of objects; 

• The availability of an unobstructed view to the outside; 

• A pleasant combination between daylight and electric light; 

• The absence of discomfort due to glare.  

This thesis focuses on the analysis and definition of the lighting strategies for an architectural design 

studio. This building type is seldom included in existing lighting regulations and recommendations, 

therefore reference will be made in this study to standards such as the recently recast EN 12464-1:2021 - 

Lighting of work places (CEN, 2021b). The advantages of providing visual comfort in offices are multiple 

since increasing the quality and quantity of light can result in better work and benefit the mood and the 

motivation of the occupants (Boyce, 2014). In work places, the level of illuminance on a horizontal plane 

at desk height is the most common criteria used to benchmark the visual comfort of building users, also 

considering the proper balancing between luminous sources (and with that, the type of lighting systems 

used) (Boyce, 2014). Other considerations include minimising the risks of reflections on the display 

screens, while providing sufficient illumination to work on other surfaces (horizontal and vertical). 

Moreover, provision of abundant daylight and an unobstructed view to the outside can substantially 

increase the feeling of comfort of building occupants. In fact, daylight can provide high illuminance and 

excellent colour discrimination and colour rendering. Yet, ingress of daylight needs to be properly 

managed and controlled, since excessive penetration of daylight can be linked to issues of solar 

overheating and increase the occurrence of visual discomfort due to glare (Boyce, 2014). 

In the recent literature, visual comfort has often been associated to the constructs of health and well-

being. Although there are clear connections between these terms, some distinctions need to be made, 

also to better contextualise the focus of this thesis and identify the different needs of the students who 

work in architectural design studios. Comfort can be broadly defined as a “physical and material state that 

is pleasing or grateful to the senses” (Altomonte, 2019). Yet, people might have different preferences and 

needs, and their responses depend on many variables, most of which are time-dependent (that is, comfort 

should be seen as a momentaneous state). Conversely, health can be seen “as going beyond merely the 

absence of disease or infirmity”, a combination of different dimensions, and at different spatio-temporal 

resolutions, that can contribute to the welfare of building occupants. In a sense, health can be viewed as 

the “integration of comfort over time”, a fundamental state for aspiring towards the achievement of well-
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being, “an even wider and overarching construct of physical, physiological, and mental aspects combining 

hedonic and eudemonic dimensions, i.e. feeling good and functioning well” (Altomonte, 2019).  

 

2.2.  Architectural Design Studios 

Architectural design studios are very specific places made for the students to draw, learn, create models, 

work on the computer, etc. As mentioned in the introduction, students spend a considerable amount of 

time, day and night, working in the studios, therefore it is important for these to offer spatial and 

environmental characteristics that are purposely adapted to meet the needs of these users. 

 

2.2.1. What is a Design Studio? 

Design studios are, first and foremost, a place for students and teachers, where a specific type of education 

can be conveyed. Indeed, architectural education is a rather distinctive branch of pedagogical sciences, as 

it requires the practical development of creative and technical knowledge and capabilities (Kesseiba, 

2017). A design studio needs to be spacious in order to offer to the students enough space for drawing, 

creating models, and using computers. Yet, it also entails specific requirements in terms of its lighting, due 

to the different activities that it needs to host, ranging from stringent visual tasks to exhibition of designs 

(both on horizontal and on vertical surfaces), and encompassing different qualities and quantities of light 

access and distribution. But studios are not only spaces for work. For students of architecture, the design 

studio is also a place for living, due to the long periods of time that they will spend there. A studio is also 

a place for social engagement, where every student can share their designs with others and work together. 

Architectural students are a close community, and they need a space to collaborate. As Thomas A. Dutton 

said: “studios are active sites where students are engaged intellectually and socially, shifting between 

analytic, synthetic, and evaluative modes of thinking in different sets of activities” (Dutton, 1987). 

Design studios are the place where students learn the art of designing and creating. It is where creativity 

can be expressed without limitation, becoming manifest on walls, tables, the floor, etc. It is a place where 

students will spend also the most stressful times of their academic life, particularly before an important 

project deadline. At this time of the year, students will practically live in the studios, and they will not go 

back to their homes for sleep, sometimes for several days. This is also the reason why, in many 

architectural schools, the students need to have 24-hour access to the studios during the academic year.  

According to a study conducted at the University of Washington, the design studio represents the real core 

of architectural education. For this reason, it is essential that it is equipped with adequate furniture, 

including desks, shared workspaces, pin-up surfaces, and access to digital networking tools to facilitate the 

development of students’ work (Hacihasanoglu, 2019). A studio is a place where students will completely 

immerse themselves into their design elaborations, a den, a home away from home, a space that facilitates 

individual and independent thinking as much as groupwork and interactions. Indeed, exchange of ideas, 

confrontations, discussions, are all relevant parts of contemporary architectural pedagogy theories, and 

the design studios needs to represent the environmental setting that affords the emergence of these 

qualities (Altomonte, Rutherford, & Wilson, 2012). In conclusion, design studios require a mixture of 

formal and informal spaces where the internal organisation can often be self-managed by the students 
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but that, at times, can also accommodate the development of activities directed by a professor 

(Vangrunderbeeck, 2020). 

 

2.2.2. Pedagogy, Space, Technology 

To understand why this topic is linked to the aims of this thesis, it is important to characterise the link 

between pedagogy and the design studios. As shown in Figure 11, particularly in architecture, the 

pedagogy is strictly related to space and technology. Spaces afford pedagogy and integrate technology; 

pedagogy is supported by space and is diversified by technology. Technology breaks down the barriers of 

spaces and can facilitate the pedagogy (Vangrunderbeeck, 2020). Understanding the studio’s pedagogy is 

then necessary to define the spaces required, and therefore the technology, and thus the lighting, 

required.  

 

 

Figure 11 – Pedagogy, space and technology. Source: (Vangrunderbeeck, 2020) 

 

Historically, the design studio was seen as a succession of ateliers in the “Ecole des Beaux-Arts”. Each 

studio was led by an accomplished architect and had his own character. There were three parts in the 

learning process: the first two were focused on the sketching, called the “Esquisse”, and the testing of the 

design proposals, and the last one consisted in the writing of a text to examine the scientific knowledge of 

the candidates (Kesseiba, 2017). In contemporary education, design studios are the “heart and head of 

architectural education”. This situation is not comparable to any other classroom scenarios (Dutton, 1987). 

Architectural pedagogy aims to convey, conserve, and transmit the values of the profession and the 

society. An important part of the education focuses on responding to the needs of the occupants of the 

buildings that students strive to create. The process of creation itself needs to be nurtured by reason, 

emotion and intuition (Kesseiba, 2017). 

According to the US’s NAAB (National Architectural Accreditation Board), the learning culture transmitted 

within the architectural design studio can be defined as follows: “the program must demonstrate that it 

provides a positive and respectful learning environment that encourages optimism, respect, sharing, 

engagement, and innovation between and among the members of its faculty, student body, 

administration, and staff in all learning environments, both traditional and non-traditional” (NAAB, 2014). 
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There are different perspectives that need to be considered: collaboration and leadership, design, 

professional opportunity, stewardship of the environment, community and social responsibility. 

Therefore, individual and collective learning opportunities are applied (NAAB, 2014). For social equity, 

NAAB says: “the program must have a policy on diversity and inclusion that is communicated to current 

and prospective faculty, students, and staff and is reflected in the distribution of the program’s human, 

physical, and financial resources.” (NAAB, 2014). A list was made about the qualities that the pedagogy 

needs to promote in the studio (Table 1). These values are embedded in the teaching at various prestigious 

universities of architecture such as Harvard and Princeton (Hacihasanoglu, 2019). 

 

Table 1 - Evaluation parameters of the studio culture. Source: (Hacihasanoglu, 2019) 

 

 

Architectural education needs to be founded on providing a balance between theoretical courses and the 

practice of design in the studios. Theoretical teaching has to support the studio and vice-versa. With this 

education, the students learn “the language of design”, mastering the use of 2D and 3D tools to explore 

and characterise the qualities of spaces. These tools can be practiced on the computer or on paper, e.g., 

drawings and models, and all are necessary for the proper understanding of the spaces. Students learn 

how to craft spatial concepts and to contextualise them in their proposals (Kesseiba, 2017).  

Another feature of architectural education is the pace of development of design proposals. Students are 

encouraged to arrive in the first week of the semester with ideas and potential solutions to the given 

design problem. The benefit of this is to improve the learning experience and enhance the capacity to 

quickly tackle situations (Kuhn, 2000). Yet, due to this pedagogical setting, the studio is also the place 

where students receive criticism, which need to be healthy and constructive (Hacihasanoglu, 2019). 

Critiques take place in both formal and informal ways, from the professors, colleagues or visiting experts 

(Kuhn, 2000). The nature of studio-based learning is strongly anchored on these critiques, feedback and 
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conversational exchanges between tutors and student, and between student and peers (McClean & 

Hourigan, 2015).  

Finally, the studio needs to afford also other models of education, such as the “collaborative board”. This 

consists of an interaction between students, which can be very productive. With this method, it is possible 

to involve everyone in each other’s projects and then encourage informal exchanges and general 

questioning (Masson, 2019). However, for this pedagogical method to be effective, the spaces need to be 

flexibly adapted to these collaborative interactions. 

 

2.2.3. After COVID 

During the academic years 2019-2020 and 2020-2021, the education of the students was affected by the 

COVID-19 pandemic. Like every other discipline, the architectural program was impacted by a change of 

learning process. The courses needed to be given online, and all the students had to stay at home. 

Obviously, the online solution was not adapted to the studio courses because the students were suddenly 

alone. They could not share their work and their experience with each other anymore. The interactions, 

feedback and design learning in the studios were no longer available to most of the students. This implied 

an added difficulty, as students were no longer sharing the same space. Indeed, social interactions are one 

of the most important things in the pedagogy of the studio courses. Furthermore, mixing life at home with 

design studio work was challenging, particularly due to the lack of space, unsuitable furniture, the 

presence of family instead of colleagues, etc. Every group’s work became very difficult due to the lack of 

direct interaction between the students. The feeling of being alone was something very troublesome for 

students in architecture. Equipment such as luminous tables was only available in the studios, hence 

students tried to find alternative techniques to draw (e.g., drawing on windows), making the learning 

process rather arduous. A course based on online teaching was also a problem for the learning of software 

such as AutoCAD or Rhino due to the lack of physical interactions with tutors, whose screen had to be 

shared hence hindering the practice of software during the learning. The support from other students is 

also essential to ask questions instead of losing time to find information on the internet. Finally, the 

discussion on the design projects with teachers was made very difficult by the fact that this had to be made 

via online calls. Students had to show pictures of their advancements, and often struggled to convey the 

principles upon which certain design solutions had been made. Even if the situation forced students to be 

creative and imaginative, and use simple tools and materials to explain their ideas with models, the 

communication was often challenging, and the quality of the learning process was necessarily lower, as 

were the expectations for the final outcomes of the studio course. 

This experience made it clear that, even in today’s world, the design studio environment continues to be 

a fundamental community setting for learning (McClean & Hourigan, 2015). The pandemic demonstrated 

that online courses cannot provide a proper pedagogical environment for the discipline of architecture. 

The learning experience of students needs to be properly supported by adequate spaces and facilities that 

can enhance individual learning and group collaborations and interactions (Peimani & Kamalipour, 2022). 

These are the key considerations on which the objectives of this thesis have been framed. 
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2.2.4. Design Studios at UCLouvain 

The Faculty LOCI at the University of Louvain (UCLouvain), like any other academic institution, has 

developed its own pedagogical methods for the teaching of architecture. These are structured on: 

• mobility of the teachers between the tables where students work;  

• collective table discussion on the projects; 

• pin-ups for feedback and assessment. 

Personal work made by the students (drawing, model making, screen-based activities) is the main activity 

during the studio courses. Students work individually or within a group (from 2 to 5 students) most of the 

time, and one or two times a week they meet the teachers to get some feedback about the main ideas of 

their project and how to express them. At LOCI, the staff-to-student ratio is based on 12 students/groups 

per teacher throughout a semester. Generally, the studio courses are given during 8 hours per week, which 

means that every student/group is allocated at least 40 minutes per session (Masson, 2019). 

The expectations for design studio courses are similar to those that apply to any building. They can be 

distinguished between general (e.g., responding to building regulations and norms) and specific (e.g., 

related to each design project, its context, urban or rural, its program, the environmental dimension, etc.). 

All students learn from the teacher but also from each other; this is an integral part of the learning 

experience. For this reason, there are different types of collaborations: tacit (individual work in a group 

dynamic), implicit (every student’s work is different but can help the others), informal (outside the courses’ 

hours, students are encouraged to discuss), and forced (in groups, students must learn to work together) 

(Masson, 2019). With reference to the principles presented in Table 1 (Hacihasanoglu, 2019), and based 

on personal experience of the author, a comparison was made to the studio culture parameters where 

specific emphasis is given at the Faculty LOCI; these are marked by a x sign in the Table 2 below.  

 

Table 2 – Studio culture parameters at UCLouvain. Based on Hacihasanoglu, 2019 

Design-thinking skills x 

Design process as much as design product x 

Leadership development x 

Collaboration over competition x 

Meaningful community engagement and service o 

The importance of people, clients, users, communities, and society in design decisions x 

Interdisciplinary and cross-disciplinary learning  x 

Confidence without arrogance o 

Oral and written communication to complement visual and graphic communication x 

Healthy and constructive critiques  x 

Healthy and safe lifestyles for students o 

Balance between studio and non-studio courses x 

Emphasis on the value of time o 

Understanding of the ethical, social, political, and economic forces that impact design  o 

Clear expectations and objectives for learning x 

An environment that respects and promotes diversity o 

Successful and clear methods of student assessment o 

Innovation in creating alternative teaching and learning methodologies x 
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At LOCI, the process of design is given relevance as much as the final product, yet it is important that ideas 

are properly expressed with drawings, models, and in verbal form (oral and written). Students need to 

present their designs with clarity to the teachers and to other contributors. In addition to this, one of the 

specificities of the courses in Louvain-la-Neuve is that the programme does not include only architecture 

but also civil engineering. The studio courses are a main part of the education at LOCI but, at the same 

time, students need to combine their design skills with theoretical engineering courses. This often presents 

a difficulty in the programme because these are two very different courses. However, the pedagogy tries 

to link these two components to reinforce the quality of design outcomes. As an example, students can 

focus more on the structure and the materials they want to use, since they have the theorical bases to 

think about these aspects throughout the whole project.  
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3. Aim and Objectives  

Aim of the Research 

The general aim of this thesis is to provide a design framework for the lighting strategies of architectural 

design studios, supporting the pedagogy and learning experience of students of architecture.  

To this aim, it will be first of all essential to fully characterise the needs of the students in the Faculty LOCI 

in Louvain-la-Neuve, particularly in terms of the lighting that is demanded to support their visual task 

performance, and the specific non-visual requirements that are dictated by their working and living styles. 

To contextualise this knowledge, the current design studios within the Vinci building will be taken as a 

basis for reference via measurements and simulations. On this grounding, this study will analyse the design 

for the new building that has recently been proposed to host the LOCI design studios over coming years. 

The proposal will be tested via the use of a new parametric tool to verity the visual and non-visual 

potentials that the solutions devised will afford and, where appropriate, guidelines and recommendations 

will be made to enhance the lighting qualities of the new design. Figure 12 diagrammatically illustrates the 

structure of the research with all the steps that will be necessary to respond to aim of the research. 

 

 

Figure 12 – Structure of the Research.  Source: Author 

 

This thesis is articulated on three fundamental research methodologies: surveys, measurements, and 

simulations. Two different questionnaires (cross-sectional and right now) with the students and a 

campaign of measurements on the current design studios will be conducted. Such measurements will 

support the validation of the 3D simulation of existing spaces, that will be necessary to contextualise the 

answers to the surveys and characterise the needs of the students. A further set of simulations will then 

be conducted on the new design proposal to test and evaluate the lighting conditions in the new studios. 

Each part of the research structure will be presented in the next chapters of this thesis.  
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3.2. Specific Objectives 

3.2.1. Objective 1 

The first specific objective of this research can be formulated as follows: 

• In the design of architectural studios, which lighting strategies (natural and electric) sustain 

different pedagogical methods and spatial dynamics? 

This objective requires focusing on the specific pedagogy of design education. It can be expressed in two 

different needs: static lighting scenarios can be used to support task-related needs, and dynamic and 

spectrally tunable lighting can provide a flexible and adjustable work environment.  

The static lighting scenarios need to sustain different pedagogical activities: personal work (drawing, 

model making, screen-based activities), group discussions, table-based tutorials, pin-up assessments, 

computer projections, etc. The dynamic and spectrally tunable light can respond to different programs: 

changes in intensity and directionality of lighting, changes in colour temperature and spectral power 

distribution. 

 

3.2.2. Objective 2 

The second specific objective of this study can be formulated as: 

• In the design studios of architectural schools, how to support the students with an appropriate 

lighting strategy in order to respond simultaneously to their visual comfort and the needs of non-

visual well-being and to their diversified working/living schedule? 

This objective aims to address the various students’ needs in the studios to ensure their comfort, health 

and well-being. The lighting strategy has to be adapted to their work requirements, allowing a clear 

visibility of their tasks, without risks of excessive contrast or discomfort due to glare, a clear view to the 

outside, yet with capacity for the lighting conditions to be adapted, e.g., for self-illuminated tasks such as 

work on computer screens. The lighting needs also to take into account that students spend a large part 

of their academic life within the studio spaces, at times with limited access to external exposures for 

circadian entrainment. 

In order to meet these two objectives, it is essential to understand the actual requirements of students 

and the luminous qualities (and quantities) of the spaces they occupy, currently and in the future. Two 

surveys, a campaign of measurements, and a series of simulations, will help to characterise these needs 

and to propose lighting strategies that can be adapted to these various demands. 
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4. Materials and Methods  

The “Ateliers” Vinci 

4.1.1. Introduction 

In order to better identify the specific needs of the students of the Faculty LOCI, it is essential first of all to 

understand the characteristics of the studio spaces they are currently occupying in the building Vinci, 

represented in Figure 13. This building houses the Faculty LOCI (Faculty of Architecture, Architectural 

Engineering and Urbanism), as well as the Department of Civil Engineering of the Polytechnic of Louvain-

la-Neuve. The building hosts the offices for the administration and the academics, but also the studios, a 

great hall, informatic rooms, a library, etc. All these different functions need specific lighting. This building 

is located in Belgium, in the town of Ottignies Louvain-la-Neuve, in the Walloon Brabant region as shown 

in Figure 14.  

 

 
Figure 13 – The Vinci building Vinci. Source: (Baldwin et al., 

2023) 

 

 
Figure 14 - Belgium map. Source: 

https://fr.wikipedia.org/wiki/Fichier:ZP_5275_-
_Zone_de_Police_Ottignies-Louvain-la-Neuve.GIF 

 
 

The Vinci was one of the first buildings to be built in this new town during the 1970’s. It is situated at the 

end of a pedestrian area that cuts through the entire city of Louvain-la-Neuve. Figure 15 clearly shows the 

circulation within the city, and the squares that are encountered along the pedestrian route (marked in 

yellow). The figure clearly shows the link between the building (marked in red) and this pedestrian axis.  

 

https://fr.wikipedia.org/wiki/Fichier:ZP_5275_-_Zone_de_Police_Ottignies-Louvain-la-Neuve.GIF
https://fr.wikipedia.org/wiki/Fichier:ZP_5275_-_Zone_de_Police_Ottignies-Louvain-la-Neuve.GIF
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Figure 15 - "Le site et la ville, les jalons repères du centre-ville". Source: F. Andrieux et Y. Lepère (2022) 

 
The Vinci building is organised in four wings arranged around a central courtyard. Each of the four wings 
is oriented in a different direction: north, south, east, and west, as it can be seen in Figure 16, where the 
3D sun path is also shown. The distribution of functions follows these orientations, as the northern wing 
hosts the great hall, juxtaposed to the construction engineering labs, the north and south wings contain 
offices, and the west wing houses the studios. It is important to notice in that image the six skylights are 
opened on the roof to let even northern light to the staircases and to the studios on the first floor.   
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Figure 16 - The Vinci. Source:(Baldwin et al., 2023) 

 

The analysis of the Vinci building aims to fully characterise the specific needs of the students of the Faculty 

LOCI, so that the requirements for appropriate spaces, and their correct lighting strategies, can be 

transferred to the design of the new building that has been proposed to host the studios in the future.  

The analysis has been structured to address three specific questions: 

• Collect cross-sectional quantitative and qualitative data to understand the levels of comfort that 

students perceive in the building, while emphasising specific needs, and the potential avenues of 

development for the arrangements of spaces and their lighting strategies 

• Perform a measurement campaign of the studios spaces in order to validate the data obtained by 

building performance simulation software. 

• Engage directly with the students via point-in-time questionnaires to relate the subjective 

experience of students to the physical characteristics of the spaces they occupy.  

The following paragraphs of this section present the measurement (4.1.2) and simulation tools (4.1.3) used 

in the study of the Ateliers Vinci, describe the surveys that were conducted in the building (4.1.4), the 

methods and sequence for the collection of the data (4.1.5), and those used for their analysis (4.1.6). 

 

4.1.2. Measurement Tools 

As presented in Figure 12, this research has been structured on a number of steps, each requiring the 

utilisation of specific instruments that are presented here below.  

Camera with Fish-eye Lens 

A camera with fish-eye lens was used to evaluate point-in-time lighting scenes through the creation of 

luminance maps of the studios. This was done via the technique known as High Dynamic Range (HDR) 
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modelling in order to identify the quantity and quality of the light that falls in the eyes of the occupants. A 

HDR image is an addition of multiple exposures of the same scene to have a higher range of brightness.  

For the creation of a HDR image, it is important to follow a structured methodology, which has been clearly 

established in the lighting scientific literature (Pierson, Cauwerts, Bodart, & Wienold, 2020).  

The methodology requires a software to generate a calibrated HDR fisheye image. For this thesis, 

Photosphere was used to apply photometric adjustments, but other software such as qDslrDashboard or 

Radiance can also be used. Then, the other materials needed are: 

• A Digital Single-Lens Reflex (DSLR) camera; 

• A circular fisheye lens compatible with the camera; 

• A tripod to take the sequence of multiple exposures; 

• A calibrated spot luminance meter and a middle grey target to calibrate the image; 

• A calibrated illuminance meter to check the validity of the calibrated HDR image; 

• A computer to process the HDR image; 

• A ND filter could be needed if the sun or a very bright surface is in the field of view. 

After checking the suitability of all the equipment needed, some camera settings have to be made. These 

need to be kept constant during the whole calibration process and the elaboration of every luminance 

maps. Table 3 provides an overview of these settings.  

 

Table 3  -Camera settings for HDR photography. Source: (Pierson et al., 2020) 

 

 

The step-by-step procedure to generate a HDR fisheye image is here synthetised below and then 

presented in Figure 17.  

1. Capturing a sequence of multiple exposure as Low Dynamic Range (LDR) or traditional images with 

the settings presented in Table 3 of the visual scene; the camera should be set on a tripod to 

minimize misalignment problems. 

2. Selecting the useful exposures considering that taking the clearest and the darkest is fundamental.  

3. Merging the exposures to generate the HDR image by using the predefined camera response 

function. 

4. Nullifying the exposure value. 
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5. Resizing and cropping the HDR image by using the predefined fisheye view coordinates. 

6. Adjusting the projection of the HDR image by using the predefined distortion function. 

7. Correcting the vignetting of the HDR image by using the predefined vignetting curves. 

8. Correcting the alterations of the HDR image due to the Neutral Density (ND) filter, if one was used, 

by using the predefined ND correction function. 

9. Adjusting the photometry of the HDR image by using the measured spot luminance value. 

10. Editing the HDR image header by using the predefined projection type and real viewing angle. 

11. Checking the validity of the HDR image by using the measured vertical illuminance, and, if needed, 

the predefined luminous range (Pierson et al., 2020). 

 

 

Figure 17 - Step-by-step procedure to create a 180° luminance map from a visual scene with daylight using HDR photography. 
Source: (Pierson et al., 2020) 

 



40 
 

To realize the sequence of multiple exposure LDR images, Pierson et al. (2020) recommended to take up 

to 15 images, although a lower number of frames might also be appropriate in scenes that are not 

characterised by excessive light variations (e.g., as it is often the case inside buildings). In this research, for 

every HDR image, 7 LDR images were taken under a large range of exposures (from darker to brighter). 

The time of the aperture chosen were: 1/1000, 1/500, 1/250, 1/125, 1/60, 1/30 and 1/15. 

CRI (Colour Rendering Index) Illuminance Meter CL-70F  

To measure the physical characteristics of the light available within the current studio building, the CL-70F 

from Konica Minolta (Konica Minolta, 2020) was used, as shown in Figure 18. This device, made for 

measuring colour and illuminance, allows to easily capture the quantity, quality, spatial distribution, and 

spectral characteristics of natural and electric lighting. This CRI illuminance meter takes measures within 

the 380-780 nm wavelength range by increments up to 1 nm. It is very easy to use because it is compact, 

lightweight, and handheld. It has a rotating sensor head and a touch screen for ease of operation.  

 

 

The measured light source can either be constant or a flashlight emitting within the range of 1 to 200.000 

lux, with a colour temperature ranging from 1.563 to 100.000K. Alternatively, it can have a range of 20 to 

20.500 lux with a colour temperature between 2.500 and 100.000K (Carmon, 2020). According to Konica 

Minolta, the potential applications of this flexible device are the following (GmbH, 2023): 

• Measurement and evaluation of special illumination sources used for restaurants, museums, 

studios, and stages, etc.; 

• Measurement and evaluation of indoor light sources such as LEDs, fluorescent lamps, etc.; 

• LED billboard development, quality control, and maintenance; 

• Evaluating the illuminance distribution characteristics of LED modules or lighting fixtures; 

• Building and interior lighting research; 

• Spatial lighting production and adjustment; 

• Colour-viewing cabinet maintenance; 

• Projector light source research and colour inspection; 

• Measurement of luminous environments for psychological research experiments. 

Figure 18 - CL-70F - Source: (GmbH, 2023) 
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The CL-70F device allows the visualisation of different diagrams that enable a quick overview of the 

measurements directly when they are taken (Figure 19). Moreover, a complete .csv file regrouping the 

recorded information about the lighting can be downloaded from the device memory (Figure 20). 

 

 

Figure 19 - Display mode examples. Source: (GmbH, 2023) 

 

 

VIC_001_10_6107K VIC_001_10_6107K_CIE1964 VIC_001_10_6107K_CIE1976 VIC_001_10_6107K_ColorRendering VIC_001_10_6107K_SpectralDistribution 

Figure 20 - CSV file with spectral and Illuminance information, and diagrammatic visualizations of data. Source: Author 
 

 

There are four different diagrams generated by the device: a CIE 1931 diagram, a CIE 1976 diagram, a 

colour rendering diagram, and a spectral distribution diagram. The .csv file contains all the information 

about the measurements such as date, hour, etc. As it is presented in Figure 21 and Figure 22, it is possible 

to retrieve the spectral data for all wavelengths between 380 and 780 nm by increments of 1 or 5 nm. 

These data can be used to plot spectral power distributions, as shown in Figure 23. 
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Figure 21 - Spectral data every 5 nanometers. Source: Author 

 

 
Figure 22 - Spectral data every 1 nanometer. Source: Author 

 

 

Figure 23 – Example of spectral power distribution. Source: Author 

 

4.1.3. Simulations – ClimateStudio 

ClimateStudio is a powerful plugin for the Rhinoceros 3D software, performing environmental analysis for 

the architecture, engineering, and construction sectors. This tool allows running simulations in order to 

help designers to optimize their buildings in several ways. Simulations with different objectives are 

possible: energy efficiency, daylight access, electric lighting performance, visual and thermal comfort, and 

other measures of energy performance and occupant comfort and health (Solemma-LLC, 2022). 
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Within the context of the research, the sun and daylight analysis were carried out via Climate Studio. 

Thanks to this software, point-in-time and annual data were able to be considered.  

First, as already shown in Figure 16, the sun path and shadows analysis can be run to understand how the 

sun is moving around the building. Then, a point-in-time or an annual glare simulation, as presented in 

Figure 24, utilising the metric DGP (Daylight Glare Probability) can be conducted. This simulation allows to 

visualise – thanks to a scale from grey, yellow, orange, and red (from imperceptible through to intolerable) 

– the probabilities of glare occurrence for every point within a space and looking in a range of possible 

directions (from 2 to 16 different orientations). 

The diagrams at the bottom of Figure 24 depict the glare sensation that is likely an occupant looking in a 

given direction might perceive for every hour of a day and year, respectively. The percentage on the y-axis 

(marked as % view hours) corresponds to the percentage of view hours across the floor area when 

occupants might experience perceptible, disturbing or intolerable glare for at least 5% of occupied hours. 

This 5% setpoint can be changed at the user’s convenience in order to respond to different lighting 

regulation requirements (Solemma-LLC, 2020).  

 

 

 

Figure 24 - Annual glare simulation. Source: (Solemma-LLC, 2020) 
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A further type of simulation that was carried out in this thesis looked at point-in-time illuminance, which 

presents illuminance distribution for electric light and/or daylight at a specific moment in time. For the 

Vinci building, only the illuminance distribution for daylight was simulated with ClimateStudio. Electric 

lighting was considered for the simulations of the newly proposed building, but these analyses were run 

through another tool that will be presented in detail in the section 4.2 of this thesis.  

An example of daylight simulation results is presented in Figure 25. The dashboard allows the users to 

visualise the mean and median illuminance for the whole simulated floor area. A heatmap describing the 

distribution of illuminance over the surface analysed is displayed on the 3D model of the building, 

developed using Rhino. Before running this simulation, it is necessary to define a grid size to choose the 

distance between the illuminance’s datapoint. The dimension of each grid cell has been defined as a square 

of 0.4m x 0.4m for the purpose of this thesis, according to the established literature (Reinhart, et al., 2006).  

 

 

Figure 25 - Point-in-time illuminance. Source: (Solemma-LLC, 2020) 

 

The last type of simulation used in this study focused on daylight availability and distribution through the 

calculation of the Daylight Factor, which is defined as the ratio between the illuminance at a point in the 

building and the illuminance at an upward facing unshaded point on the outside, under a CIE overcast sky. 

The daylight factor is measured as a percentage and its minimal value in buildings needs to be in a range 

between 2% and 5%. Again, the dashboard shows the mean and the median data of the daylight factor 
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and the 3D model on the Rhino viewport contains a heatmap showing its distribution across the floor areas 

selected (Figure 26).  

 

Figure 26 - Daylight Factor. Source: (Solemma-LLC, 2020) 

 

4.1.4. Surveys 

Another tool used to collect information about the current studios in the Vinci building is represented by 

surveys. Two different surveys were organized to question the students about their feelings concerning 

the lighting strategy of the “ateliers” Vinci, to characterise their profiles and requirements (e.g., their 

chronotype - early or late), and scope their preferences about lighting strategies more appropriate to their 

needs. In both cases, the participants were architecture students using the building. 

Two different types of survey were utilised: cross-sectional and right-now. The questionnaires forms used 

for both data collection campaigns are presented in the Appendix (A and B) to this thesis. All forms and 

procedures used in this study to collect human-subject data had previously been submitted for ethical 

approval to the IPSY ethics committee at the University of Louvain. The cross-sectional survey was 

delivered online in order to get a general understanding of the preferences and needs of the students in 

terms of the lighting currently delivered in the studios. After the data from the cross-sectional survey had 

been collected and analysed, a right-now survey has been set up in order to get a clearer picture of the 

specific issues that students had identified (e.g., the lack of lighting in certain areas of the studio, the 

occurrence of discomfort due to glare at certain times of the day, etc.). In order to contextualise the 

feedback from the users, the right-now surveys were administered on paper-based forms, which were 

filled in by the students at the same time while physical and photometric measurements were taken.  

It is important to emphasise that cross-sectional surveys (often, also called transversal) aim primarily to 

collect general views and feedback about the building, hence they are not necessarily related to specific 

conditions, times of day or seasons. Conversely, due to the need to investigate specific issues reported in 

the transversal data collection, the right now survey had to be organised under particular conditions, e.g., 
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on sunny days to explore issues of glare that are spatially and temporally bound (these surveys, in fact, are 

also referred to as point-in-time).  

 

4.1.5. Methods for Data Collection 

The data collection necessary to characterise students’ needs in the “ateliers” Vinci was structured on 
three different steps: measurements, simulations, and surveys. The aim of this section is to describe in 
detail the methods and sequence used for all these steps, as already illustrated in Figure 12, chapter 3.  

As the initial step of this research, a cross-sectional survey was conducted to broadly characterise the 
occupants of the studios. Following this, photometric measurements were taken in the Vinci studios to 
contextualise the results from the survey, and also as a way to validate the results that can be obtained by 
simulation of the building. To this purpose, a 3D model of the Vinci was acquired by the author, this having 
been already constructed by the Master students taking the course LICAR 2801 - Édification soutenable. 
This measurement campaign specifically focused on collecting data of horizontal illuminance under an 
overcast sky in order to compare the data with the 3D simulation of Climate Based Daylight Modelling 
(CBDM) metrics obtained through the use of the ClimateStudio plugin in Rhinoceros. 

Once these steps were completed, an analysis was performed to compare the quantitative data 
(measurements and simulations) with the qualitative data provided by the students (cross-sectional 
survey). This process allowed a better comprehension of the studios in terms of lighting strategies and 
enabled to identify areas where further explorations and clarifications were needed via the right-now 
surveys. Finally, when all the information had been gathered, the following step of the work could be taken 
focusing on the proposal for the new building (whose research methods are described in section 4.2). 

Cross-sectional Survey 

The cross-sectional survey was carried out to understand the requirements of the students in the current 
studios, as they will be the same occupants of the newly proposed building. The online questionnaire asked 
students to respond to questions focused on the natural and electric lighting strategies in the “atelier” 
Vinci, but also aimed at gathering views and opinions on their preferred lighting strategies. A total of 36 
students responded to the survey, which represents more than 30% of the population under investigation. 

The questionnaire was divided in four different parts:  

• General demographic information to characterise the population responding to the survey; 

• The use of the studios, their timing of presence, duration, periods of the year, etc.; 

• Their perception of comfort with the current lighting and their preferences and needs; 

• Their chronotype to better understand their lighting requirements beyond task performance.  

Campaign of Measurements 

A campaign of measurements was conducted in the three studios located on the first floor of the Vinci 
building. The measurements were performed in the presence of daylight only, as one of its main aims 
consisted in the validation of the results of the CBDM daylight simulations performed via ClimateStudio. 
For this reason, only the CL-70F CRI Illuminance meter was needed, mounted on a tripod. 

A grid of 1.2m x 1.2m was set up – to reduce the number of data points, yet staying coherent with the 
dimensions of 0.4m x 0.4m of the grid that is normally utilised for building performance simulation – and 
the points were clearly marked with masking tape on the studio floors. A denser grid for the measurements 
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campaign was considered not necessary for the purpose of the validation. The grid was set at a minimum 
distance of 0.5. from perimetral walls in order to also capture the contributions from light reflected off 
vertical surfaces. Figure 27 shows the placement of the CL-70F meter on the tripod with the masking tapes 
indicating the locations where measurements had to be taken. 

 

 

Figure 27 – The CL-70F Illuminance meter mounted on a tripod. Source: Author 

 

The campaign was realized in March 2023 and required the verification of a number of conditions. An 
analysis of the sky was first needed since measurements needed to take place under even sky luminance. 
A day with overcast sky was therefore chosen to collect the data. In fact, if the sky is partly clear, some 
direct sunlight might penetrate the building, leading to measurements that are going to be very different 
from one point to another. A HDR image of the sky was created to depict the sky luminance distribution 
utilising the method explained in the previous section. Then, to have a precise characterisation of external 
light, a measurement with the CL-70F was required to obtain its spectral power distribution. Secondly, 
measurements were taken from inside the building. A measure needs to be taken at every point of the 
grid previously defined. The CL-70F device was mounted on a tripod at the same height than the drawing 
tables to capture the horizontal illuminance on the work plan of the students. When tables were located 
at a position corresponding to the points on the grid, the illuminance meter was simply placed on top of 
the table (Figure 27).  
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Figure 28 – Horizontal measurements on a desk surface. Source: Author 

 

Due to the size of the studios, and its different main orientations (Est, South, West), it was necessary to 
take external light spectrum recordings from every location to ensure consistency of measurements. In 
addition, each studio was divided into three or two zones, depending on their size, and in the middle of 
each zone, a recording of the light spectrum was also made in order to get a better understanding of the 
characteristics of internal light, for example due to the spectral transmission through the glazing or 
reflection off internal surfaces (walls, floor, furniture, etc.). At every point of the grid, it was important to 
note the time and the specific location of the measurement, the illuminance in lux and the colour in Kelvin 
in order to compare these with the simulations. 

A tailored training was provided prior to the actual measurement campaign, to ensure a better 
understanding of how the instruments worked and how data needs to be collected.  

Simulation  

After the conclusion of the measurement campaign, simulations were performed on ClimateStudio to 
compare the results and, thus, validate the 3D model for further lighting investigations.  

The simulations of the “ateliers” Vinci comprised point-in-time analyses that were run at the same date, 
time, and locations as the measurements. For the purposes of the validation, the grid was initially set with 
the same dimensions of the measurement data, hence 1.2m x 1.2m. A daylight factor analysis was also 
performed, since this parameter could be easily derived from the internal and external measurements.  

The data from the measurements and the simulations were compared in two ways: 

• The first was to compare the distribution of the daylight factor obtained from the measurements, 
by dividing the internal illuminance at each point on the grid by the external illuminance value, with 
that obtained from the point-in-time simulations, obtained with a similar procedure.  

• After that, a comparison with the annual daylight factor computed by the simulation was made.  

All results presented and explained in the Results chapter. Following the validation, further lighting 
simulations (with a denser grid) were run to contextualise the feedback obtained within the cross-sectional 
survey and, consequently, determine the areas where the right-now survey had to be carried out. 
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Right-now Survey 

The last analysis to be performed in the current design studios at the Vinci consisted in administering to 

students the right-now survey. This involved engaging five students, whose working desks were located at 

different places within the studios. The locations and times for the surveys were determined as follows:  

• two desk locations parallel to the windows facing east to run analysis in the morning; 

• one desk location in front of the windows facing east; 

• one desk location situated below a north-facing aperture in the roof; 

• one desk location parallel to the windows facing south to run analysis at midday. 

The instruments required to run this survey included a tripod, a camera with fish-eye lens, the CL-70F, a 

luminance gun and a sensor to measure temperature and relative humidity. The method implied providing 

a paper-based form of the questionnaire to the students after having collected their informed agreement 

to participate. While the survey was being filled in, measurements were taken to characterise the physical 

and photometric quantities and qualities of the lighting conditions.  

The measurements included a HDR image from the student’s viewpoint in order to make a luminance map 

of their visual scene, horizontal and vertical illuminance, the spectral power distribution of the lighting 

(irrespective of whether daylight was complemented or not by electric lighting at the time of the survey), 

and finally a recording of thermal conditions. The luminance gun was used to calibrate the HDR image. 

Indeed, a grey card located at the centre of each LDR image was used to know exactly the luminance 

(cd/m²) on this target while the HDRI was constructed. 

 

4.1.6. Analysis methods 

Cross-sectional Survey 

Given that the needs of students are a priority in this research, it was essential to carry out a precise 

analysis of the cross-sectional survey data, looking specifically at the answers to each question.  

First, an analysis of the demographic data of the population responding to the survey was performed in 

order to determine the profiles of the students. Then, it was necessary to evaluate the statistical 

distributions of every response focused on the “atelier” Vinci, including considering where students’ desks 

are located, how much time per day and per week they spend in these working spaces, and how they feel 

in the studios. The answers related to the lighting strategies were then analysed, also including an 

evaluation of students’ preferences and aspirations. Finally, a characterisation of the respondents’ 

chronotype was completed in order to ascertain subjective habits and needs, and therefore inform the 

definition of non-visual lighting strategies. 

For the definition of chronotype, it was considered that : “the assessment of [chronotype] phase is a central 

task in circadian biology” (Roenneberg, 2012). To find everyone’s type, the Munich Chronotype 

Questionnaire (MCTQ) was included in the survey, collecting the variables shown in Table 4. Individual 

chronotype was calculated through the MSFsc variable, which is defined as the “midpoint of sleep during 

free days sleep corrected” (Dimitrov, et al., 2020). Consideration was given also to other variables, such as 

social jetlag and average duration of sleep. To analyse these them, various descriptive statistics were 

calculated, including the mean, median, standard deviation, and minimum and maximum values.  
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Table 4 - MCTQ variables with their abbreviations and computation. Source: (Dimitrov et al., 2020) 

 

 

To have the correct statistics, people who set an alarm during their free days were excluded. It was also 

considered that age and gender of participants could influence their chronotype (Roenneberg et al., 2007): 

for instance, women’s chronotype is on average earlier than men (Dimitrov et al., 2020). To give an 

example, Figure 29 presents a diagram with the chronotype distribution across a population of 55,000 

people, observed in a study by (Roenneberg et al., 2007) 

 

 

Figure 29 – Distribution of chronotypes judged by MSF corrected for the sleep-debt accumulated during the workweek (MSFsc). 
Source: (Roenneberg et al., 2007) 

 

According to Roenneberg, the distribution of MSFSC in central Europe is centred around 4:00, this signalling 

that people generally go to bed on free days at midnight and wake up at around 8:00. With this average, 

people having a MSFSC at 3:00 or earlier can be associated to the early (often called ‘larks’) chronotypes 

and those with a MSFSC at 5:00 or later to the late (often called ‘owls’) types (Roenneberg, 2012). 

Measurement Campaign and Simulations 

The data collected during the measurement campaign and the results of the simulations performed via 

ClimateStudio were compared primarily through line charts. Obviously, the comparisons were not made 

on the basis of absolute values since external illuminance coming from the sky vault might differ based on 
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the specific lighting conditions available during the measurements also when conducted under an overcast 

sky (e.g., due to differences in cloud density, moving clouds, or other sudden change in atmospheric 

conditions). These effects could imply alterations in distribution of sky luminance, intensity, and colour of 

the lighting. Instead, trends were considered to analyse the distribution of horizontal illuminance 

throughout the spaces. This approach was used for the three studios analysed in the existing building.  

In addition, it must be considered that the measured data might also be dependent on the level of 

maintenance of the existing building (e.g., the cleanliness of glazing) or due to obstructions from the 

furniture that could not be included in the simulated model (as, for example, seen in Figure 30). These 

considerations, of course, could justify some differences between measured and simulated data, whereas 

perfectly diffusive material properties (Lambertian) were mostly assigned to internal objects and surfaces. 

 

 

Figure 30 - Obstructions within the current studios. Source: Author 

 

Following the validation of the 3D model through measured data, further simulations were run to 

contextualise the feedback obtained from students within the cross-sectional survey. This included 

analysis of other metrics, such as horizontal daylight autonomy, useful daylight illuminance, and annual 

glare, as per the example presented in Figure 24, Figure 25 and Figure 26. These simulations focused 

specifically on analysing areas that had been reported as critical within the answers to the questionnaires, 

as for example, the working areas located in the vicinity of the north-facing skylight, or the perimeter of 

the studios where risk of glare occurrence were reported. The information gathered was then used to 

select the specific zone in which further investigation was conducted through the right-now surveys.  

Right-Now Survey 

The final step of the analysis conducted within the “ateliers” Vinci included consideration of the results of 

the right-now survey and of the data measured while the five students provided their responses. This 
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analysis was mostly conducted on a qualitative basis to emphasise how students perceive the lighting 

conditions in their working space, and to consider the need to address individual requirements such as the 

avoidance of visual discomfort due to glare. The HDR images collected during the right-now campaign also 

allowed a comparison with similar luminance maps that could be elaborated via computer simulations. 

Such modelling also included testing of the tool to be utilised for the analysis of the new studio building 

(OWL, Occupant Well-being through Lighting), which will be described in the following section (4.2). 

Ultimately, the data collected within the right-now survey allowed the complete characterisation of the 

lighting conditions existing at the Vinci, and consideration of the specific needs that students of 

architecture require to comfortably perform their work, but that also meet the requirements of their 

profiles. This information will be paramount to test the lighting solutions proposed for the new studios, 

and propose guidelines and recommendations as part of the specific objectives of this thesis.  

 

4.2. A New Studio Building 

Following the analysis centred on the “ateliers” Vinci, the second phase of this research aims to focus on 

the new building that has been proposed to host the design studios for the LOCI students of architecture. 

This section will first present the design principles that are proposed to be implemented in this new 

building. Secondly, the tools used for its analysis will be introduced and, finally, a reflection will be made 

about recommendations for lighting strategies and solutions. 

 

4.2.1. Introduction  

The new building will be built on the university campus and will be an extension of the Vinci, completely 

dedicated to host the studios for the students in architecture. This building, designed by Yves Lepère and 

Fréderic Andrieux is currently in the conclusive stages of the design process and, therefore, not yet in 

construction. Unfortunately, during its final stages of definition, the architect Yves Lepère has passed 

away. For this reason, the thesis will be based on the current state of development of the project, aiming 

to test and validate the design solutions in terms of its lighting performance, and recommending some 

complementary strategies that could improve meeting the needs of the pedagogy and the specific 

requirements of the students (including both, visual and non-visual effects of light).  

Figure 31 and Figure 32 present the driving principles of the project. The entrance of the new building will 

be the extension of the great hall of the Vinci and the shape of the new construction will be inspired by 

the skyline of the current building so that the façade of the studios can capture plenty of northern light. 
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Figure 31 – Concept section. Source: F. Andrieux and Y. Lepère 

 

 

Figure 32 - Concept plan. Source: F. Andrieux and Y. Lepère 

 

A garden will be located between the two buildings. It will be called the “Jardin des arts”, which means the 

garden of the arts. The distance between the two structures has been adjusted to respect the design 

proportions of the Vinci building. All images are reproduced in this thesis courtesy of the design team.  

 

4.2.2. Design Principles 

The design principles of this building are intended to support all the activities that take place in an 

architectural studio. This means that the light that enters these spaces is really important because, as said 

in the chapter about the pedagogy, students (and teachers) are going to perform very visually demanding 

tasks, such as drawing or making models.  
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The most significant principle is to let abundant light ingress from the north and to obstruct almost entirely 

the light coming from the south. Indeed, in a studio, occupants prefer working constant light from the 

north than very variable light coming from the south. This strategy, in fact, allows to have less contrasts 

and to keep an even luminous environment from the start to the end of the day.  

The two main façades, north and south, are hence very different from each other, as it can be seen in 

Figure 33. The north façade is very open, with high windows to collect light from the sky in contrast to the 

south façade that has very small openings to reduce as much as possible the penetration of direct sun 

light.  

 

Figure 33 – F1: Facade north (top) and facade south (bottom). Source: F. Andrieux and Y. Lepère 

 

Another interesting principle of this building is represented by the interior design. The spaces are divided 

in such a way to let the maximum space on the north for students to work. Figure 34 and Figure 35 present 

the plans of the three floors of the building, showing three big areas for the drawing and working tables 

at the ground and first floor oriented to the north. These three areas are separated by the stairs so that 

three different activities can take place at the same time. A gallery is located towards the south façade, at 

the mezzanine level. In this way, students can use the partitioning walls to display their drawings. On the 

ground and first floor, the internal distribution includes the positioning of shelves that can be closed, so 

as to form an additional vertical surface to display drawings. Working tables are also located at the 

mezzanine level, overlooking towards the studios and protected from the south light by partitioning walls. 
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Figure 34 - Ground floor and first floor. Source: F. Andrieux et Y. Lepère 

 

 

Figure 35 - Gallery/mezzanine floor. Source: F. Andrieux et Y. Lepère 

 

 

Figure 36 - longitudinal cross-section. Source: F. Andrieux et Y. Lepère 

 

The principles for the internal distribution of spaces are also visible in the cross-sections presented in 

Figure 36 and Figure 37. On these, it is easy to observe the two different spaces: shelves and the mezzanine 

on the left (towards the south), and studios on the right (towards the north). These cross-sections also 
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show how the walls separate the ground floor studios, but these are not present at the first-floor level, so 

that there is a visual connection between these spaces.  

 

 

Figure 37 - Cross-sections. Source: F. Andrieux et Y. Lepère 

 

An alternative design of the façade will also be analysed, since this was another option that was considered 

at some point of the design development. This option is very different from the other one, with windows 

that have a rectangular shape rather than the trapezoidal form presented in the other version as presented 

in Figure 38.  

 

 

Figure 38 – F2: Alternative design for the north façade. Source: F. Andrieux et Y. Lepère 
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To simplify the reader’s understandings, the first façade shown will be labelled as Façade 1 (F1) and the 

second one will be Façade 2 (F2). For each option, large windows are placed on the north side to provide 

as much constant light as possible for working. The east, west and south façade (which is very obstructed) 

are the same in the two different versions. Only the shape of the northern windows has been changed 

between the simulations performed to analyse the lighting performance of the two façade options. 

 

4.2.3. The OWL Simulation Tools 

In addition to the lighting analysis performed with ClimateStudio, other simulations with new tools will be 

carried out to evaluate the lighting conditions of the new building for visual and non-visual performance. 

For this purpose, this research has implemented in its methods the use of a recently released simulation 

tool – developed by Dr Marshal Maskarenj and called OWL (Occupant Well-being through Lighting) – which 

is currently being extended with new functionalities. In the following parts of this thesis, reference will be 

made to OWL1 and OWL2, to distinguish the two versions of this software tool. 

OWL1 has already been published as a tool that can evaluate the non-image-forming effects (NIF) of light 

to support the human circadian rhythm. To quantify the potential NIF effects available within an internal 

visual scene, OWL uses different non-visual metrics: melanopic irradiance, melanopic-ELR, melanopic-DER, 

melanopic-EDI, Circadian Light and Circadian Stimulus (Marshal Maskarenj, Deroisy, & Altomonte, 2022). 

The most relevant for the purpose of this thesis is the Circadian Stimulus (CS), since this metric has been 

chosen also in OWL2 as the most immediate measure of the circadian effects of light for comparison of 

different lighting scenarios.  

Courtesy of its developer, this section presents the simulation workflow of the yet unpublished OWL2 tool 

(nicknamed Annu-OWL, to distinguish its annual-based evaluations from the point-in-time analysis of 

OWL1), its origin, how it works and the outputs it provides. This section of the thesis directly derives from 

a research paper describing the functioning and potentials of the OWL2 tool for annual simulation. The 

paper, for which the author of this thesis is also a co-author, will be presented at a forthcoming Radiance 

workshop in Innsbruck, Austria, in summer 2023 (M. Maskarenj, Crevits, & Altomonte, 2023).  

Origin and Use 

As already presented in earlier sections of this thesis, ClimateStudio is a commercial tool for building 

performance simulations that can be used for lighting simulations and for evaluating the point-in-time and 

annual performance of a space. Moreover, it is also capable of performing thermal simulations. However, 

lighting evaluation needs much higher spatial resolution in comparison with thermal simulations, and even 

higher one if the simulations need to be resolved for multiple view angles. This increases the complexity 

of annual lighting simulations for a given space. In the context of this thesis, ClimateStudio allows to 

analyze the lighting performance of the spaces: areas without sufficient daylight are identified using 

horizontal CBDM metrics, such as the quality of their distribution. The visual needs of students can, 

therefore, be understood thanks to ClimateStudio, while the non-visual requirements for current studios 

can only be inferred based on the information gathered within the cross-sectional survey. However, 

application of the new OWL2 tool is needed to determine the non-visual performance of the new building. 

Most importantly, the tool is necessary to perform simultaneous evaluations of visual, nonvisual, and 

energy needs, in order to provide comprehensive lighting design recommendations. This, in fact, needs a 
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concurrent assessment of metrics for visual comfort (e.g., DGP), lighting sufficiency (e.g., DA), and 

circadian potential (e.g., CS).  

Functioning 

This section aims to explain step by step how to perform these simulations with a given building geometry 

in Rhino. The first step is to edit the location of the file where all the data will be stored. The simulation 

takes as inputs hourly environmental data, such as direct normal radiation, diffuse horizontal illuminance, 

etc., which are recorded in EPW (Energy Plus Weather) files. In addition to that, a SPD file (which is a .csv 

file) needs to be specified to clarify the location data in Grasshopper.  

The second step is to import a geometry on a 3D Rhino model and import it as inputs on Grasshopper. The 

different geometries that have been used here are shown in Figure 39 (e.g., walls, glazing, etc).  

The geometrical parameters of the space, along as material definitions (reflectance, transmittance, 

bidirectional scattering distribution function, etc.), define the interaction between light and the space, and 

thus are important as inputs. In this given geometry, it is necessary to add points where people will be 

sitting to specify them as inputs for the position where the vertical metrics will be evaluated. After these 

inputs are entered, they will be used to transform the data into annual information. The framework of 

these first steps can be seen in Figure 39 and Figure 40, and explanations are provided below:  

• ‘ExportOBJ’: This custom Grasshopper component exports selected Rhino geometry as .obj files for 

further processing in Radiance command line. Groups of objects with similar material compositions 

(e.g.: walls, or glazing, etc.) need to be selected together in the geometry for parallel export (ideally 

using Rhino layers). 

• ‘GenMat’: It generates a 'materials.rad' file at the intended folder, for performing the Radiance 

obj2mesh function. The materials.rad file is generated based on the su2rad repository maintained by 

Thomas Bleicher (Bleicher, 2014), along with custom inputs from SpectralDB (Design for Climate 

&Comfort Lab, 2021). 

• ‘DCMatrix’: This custom Grasshopper component generates a daylight coefficient matrix, to be used 

for annual Radiance simulations. It reads the .obj files with material files and a .sky file, and renders a 

Daylight Coefficient Matrix as precursor to Radiance grid-based illuminance. First the Radiance 

obj2mesh command is used to generate individual .rtm files for each geometry layer, by combining 

with the .obj file and the respective material definition (extracted from the materials.rad file). 

• ‘IllumAnn’: This component takes the Daylight Coefficient matrix along with EPW weather file, to 

generate annual illuminance distribution via 2-phase DC method. The Annual illuminance data is 

generated in a .csv form. First the Radiance epw2wea command converts the .epw file into a .wea file, 

and further the Radiance gendaymtx command is used to convert the .wea file into a .smx file. 
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Figure 39 - Inputs of OWL2. Source: Author 

 

 

Figure 40 - Second part of the framework. Source: Author 
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The third step is to choose the size of the grid that is needed for the evaluation of the horizontal metrics, 

as presented in Figure 41. In this case, a grid of 0.4m was chosen but it can easily be altered by changing 

the number in the yellow panel that can be seen on the image. Again, the components necessary to 

estimate the horizontal metrics are explained below: 

• ‘DaylightMetrics’: This component takes the illuminance data for each point over the year (from 

IllumAnn component) and evaluates the Daylight Metrics for each point. This evaluates Daylight 

Autonomy, Continuous Daylight Autonomy, and Useful Daylight Illuminance. For each point on the 

grid, this component reads the horizontal illuminance data for each of the 8760 annual hours, and 

depending upon the credit scoring scheme for DA, cDA, or UDI, assigns credit for each hour of the year. 

The credits are summed and saved in a .csv file that includes 3 rows (for each of the three CBDMs) 

across columns defined by number of grid-points. In conjunction with the PlotDltMtx component, this 

component parses and returns the CBDM credit for each grid point depending upon the defined 

CBDM. The data can then be visualized on the Grasshopper canvas using the VisGrdDat component 

(Visualise Grid Data), along with Grasshopper Custom Preview component. 

 

 

Figure 41 - Horizontal metrics. Source: Author 

 

Concerning the estimation of vertical metrics, two different types of components are necessary, for 

Circadian Stimulus potential and for identifying potential risks of glare: 

• ‘AnnualCS’: This component takes the annual sky SPD data (which includes CIE_Z value in addition to 

spectral data) and illuminance data at each vertical sensor point. It uses Truong's approximation 

(Truong, Trinh, & Khanh, 2020) to evaluate circadian stimulus for each point over the year. While 

integrating the pre-calculated spectral data (81 datapoints each annual hour) with the vertical 

illuminance data (number of grid points) for each hour of the year (8760 timepoints) is a possible 

alternative for evaluating Circadian Stimulus, Truong's approximation was found to increase the speed 

of the code by at least 650 times (1826sec in standard process vs 2.7sec in the presented process). 

This component, for each orientation, generates a CSV file (ann_CS_X.csv) containing the Circadian 

Stimulus for each grid point for each hour of the year. 



61 
 

• ‘CSautonomy’: This component takes the CS data for each point over the year (from AnnualCS 

component) and evaluates the CS Autonomy for each point. CS Autonomy is defined as the percentage 

of days in a year when CS exceeds 0.35 for at least 1 hour in the morning (between 0800-1200 

inclusive). For each vertical grid-point, for each of the 365 days of the year, the CS data is parsed 

between 0800h and 1200h inclusive, and if even one of these hours receives CS above 0.35, it is 

assigned 1 credit. The component generates a summation of credits for each grid point, as the number 

of annual days when sufficient CS (>0.35) is received for a morning hour at that point. This data can 

then be visualized on the Rhino canvas, as the inner ring of a sombrero diagram using further 

visualization components via Grasshopper Custom Preview component. 

• ‘CS_AnnVis’: To dig deeper into the credits received for CS for each grid point, this component 

generates annual heatmaps. By taking the Circadian Stimulus data for each point over the year (as a 

.csv file from the AnnualCS component) along with the index of the specific grid point, this component 

parses through the specific row for every defined grid point. This data is then transposed as a 365 x 24 

array, representing the hours and days of the year, and then saved as a .csv file and as a heatmap as a 

.png file. The .csv output of this component makes it possible to define the schedule of operating 

circadian effective lighting for various grid points lacking sufficient CS potential. 

• ‘AnnualDGPs’: This component takes the annual vertical illuminance data at each sensor point and 

uses simplified DGP approach to evaluate DGPs for each point over the year. The simplified DGP 

approach takes the saturation component of the DGP formula, and makes an approximation of 

daylight glare probability from vertical illuminance at the eye level. The illuminance data at each 

vertical sensor point for every hour of the year (annualillum.csv from the IllumAnn component) serves 

as the input, which is then translated into respective simplified DGP, as: DGPs = (0.0000622 × 

vertical_illuminance) + 0.184.  

This component then generates a csv file (ann_DGP_X.csv) for each orientation, which includes 8760 

rows for each annual hour across number of columns defined by the number of grid points. 

• ‘AnnSDGP’: This component parses through the annual DGP csv files generated by the AnnualDGPs 

component for each orientation, and post-processes it to generate credit (or debit) points for 

instances of glare. Glare is considered disturbing if DGP for that hour is above 0.42 (Wienold, 2014), 

and for each grid point across each hour of the year, the points are summed up to generate annual 

points for each position. This component generates a summation of credits for each vertical grid point, 

as the number of annual hours when disturbing glare (sDGP>0.42) is received at that point. This data 

can then be visualized on the Rhino canvas, as the outer ring of a sombrero diagram using further 

visualization components via the Grasshopper Custom Preview component. 

• ‘DGP_AnnVis’: To dig deeper into the credits/debits received for sDGP for each grid point, this 

component generates annual heatmaps. By taking the sDGP data for each point over the year (as a 

.csv file from the AnnualCS component) -- along with the index of the specific grid point, this 

component parses through the specific row corresponding to a grid point, and the data is then 

transposed as a 365 x 24 array, representing the hours and days of the year. The data is then saved as 

a .csv file and also as a heatmap in the .png image format. 
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Figure 42 – Evaluation of vertical lighting metrics. Source: Author 
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Figure 43 – Vertical simulation results. Source: Author 

Results Provided 

The results provided by OWL2 are displayed in two parts: horizontal and vertical metrics.  

The horizontal results present the DA, cDA and UDI metrics that can be chosen in the PlotDltMtx 

component seen in Figure 41. To illustrate the different visualizations obtained for each metric, examples 

are provided in Figure 44, Figure 45 and Figure 46. These results are visible in the 3D Rhino geometry, not 

in Grasshopper. The scale needs to be added manually for every simulation and is expressed in hours. The 

grid used in the examples is the recommended 0.4m x 0.4m grid.  
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Figure 44 - Example of DA results. Source: Author 

 

 
Figure 45 - Example of cDA results. Source: Author 

 

 
Figure 46 - Example of UDI results. Source: Author 

 

The vertical results provided by OWL2 can be visualized within the Grasshopper framework (Figure 43), on 

the 3D Rhino geometry (Figure 47), and on  the.csv files provided.  

Sombrero (circle) diagrams are created on the geometry: the inner rings give us information about the CS 

and the external ring about the DGP. As explained before, the inner circle is red when the CS is at 100%, 

which is reached when CS is above 0.35 during at least one hour in the morning. The DGP has a specific 

scale in hours; in Figure 47, the maximum reached is 2207 hours with glare.  

 

 

Figure 47 - Example of vertical results. Source: Author 
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This tool is powerful since it allows the visualization of different information at the same time: horizontal 

metrics (DA, cDA and UDI) and vertical metrics (CS and DGP). OWL2 provides accurate information as well 

as global estimations to globally evaluate the annual visual and non-visual performance of a space.  

 

4.2.4. Lighting Standards 

The lighting recommendations that this thesis will offer for the new building are based on the European 

standards EN-17037 and EN-12464-1 (CEN, 2021a, 2021b). 

The EN-17037, also known as the “daylight” standard, aims primarily to increase the availability and use 

of daylight in buildings, providing adequately lit environments, recommending strategies to optimise the 

time of sun exposure of the rooms, while limiting glare, and offering an external view (Bodart, 2019). The 

fundamental principle on which this standard is based can be summarised as: “a space is considered to 

benefit from an adequate amount of illuminance if the target illuminance level is achieved over a portion 

of the reference plane for at least half of the daylight hours.”(Bodart, 2019).  

The following tables summarise the recommendations for, respectively, vertical and inclined windows 

(Table 5) and horizontal openings (Table 6). 

 

Table 5 - Recommendations for vertical/inclined openings. Source: (Bodart, 2019) 

 

 

Table 6 - Recommendations for horizontal openings. Source: (Bodart, 2019) 

 

 

The level of illuminance required is defined by two different calculation methods: the simplified method 

is centred around the daylight factor (DF), as explained in Table 7 and Table 8; the second method 

calculates the availability and distribution of illuminance through dynamic simulations.  
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Table 7 – Minimum Daylight Factor to achieve (normal glazing). Source: (Bodart, 2019) 

 

 

Table 8 – Minimum Daylight Factor to achieve (diffuse glazing). Source: (Bodart, 2019) 

 

 

The standard also sets up recommendations in terms the view that buildings need to offer to the 

occupants. Different principles are explained for the angle and the distance of the view:  

• Natural view vs. artificial view; 

• Large and distant view vs. small and closed view; 

• Dynamic view vs. monotonous view; 

• Clear and neutral glazing that does not distort the view. 

In terms of the angle of horizontal view, distance of nearby objects and number of layers visible from the 

occupants’ positions, the following recommendations are given (Table 9): 

 

Table 9 - Recommendations for the view of the outside. Source: (Bodart, 2019) 

 

 

For optimal sun exposure, the standard recommends direct solar penetration for at least 1.5h a day 

between the 1st of February and the 1st of March. Conversely, the exposure is considered to be high if it is 

above 4h a day still within the same time period.  
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Finally, the EN-17037 standard gives recommendations regarding discomfort due to glare, using the 

Daylight Glare Probability (DGP) as a reference metric to protect the occupants from excessive light. The 

DGP value should not exceed the values presented in Table 10 for more than 5% of the occupancy time. 

 

Table 10 - Recommended Daylight Glare Probability. Source: (Bodart, 2019) 

 

 

The EN 12464-1 standard – “Light and lighting. Lighting of workplaces - Indoor workplaces” – focuses on 

interior lighting projects for spaces of work. The recommendations from the standard include the following 

parameters: illuminance (lux), Unified Glare Rating (UGR) and Colour Rendering Index (CRI).  

The density of luminous flux, i.e., the quantity of light incident on a given horizontal surface, needs to 

satisfy the visual comfort requirements of the occupants. Minimum thresholds are provided for the work 

surfaces and their associated areas, such as immediate surrounding and background spaces, as shown in 

Figure 48. The minimum level of 500 Lux is recommended in an office because a lack of light can produce 

headaches, reduction of concentration, and visual problems. For design studios, given that the visual tasks 

are more demanding, it might be appropriate to guarantee an even higher level of horizontal illuminance, 

up to 750 lux (Lampesdirect.fr, 2023).  

 

Table 11 - Minimum illuminance and uniformity index. Source:(Baldwin et al., 2023) 

 

 

Figure 48 – Illuminance over different areas. Source: (Baldwin et al., 2023) 



68 
 

 

To respect the criteria for the Colour rendering index, it is important to take into account the Kruithof 

diagram presented in Figure 49. The colour of the light (that is, its correlated colour temperature) needs 

to be adapted to the level of illuminance: when illuminance increases, the colour temperature also needs 

to increase. Only the area B on the diagram is considered to be within the comfort zone. The luminous 

atmosphere of the area A is considered to be too warm, and the area C might be seen as too cold 

(Architecture-et-Climat, 2014). 

 

Figure 49 - Kruithof's diagram. Source: (Architecture-et-Climat, 2014) 

 

These criteria are particularly relevant for artificial lighting, since specific attention needs to be given to 

the colour rendering index of the luminous environment. The standard advises to have a CRI above 80 for 

spaces occupied during a long period of the day, as presented in Table 12 (Lampesdirect.fr, 2023). 

 

Table 12 - Recommended CRI. Source: (Lampesdirect.fr, 2023) 

 

 

Finally, for the Unified Glare Rating, a metric that is used to indicate the risk of discomfort due to glare 

from luminous sources of small size (such as luminaires), the value needs to be in the range between 16 

to 28, as shown in Table 13. Yet, the recommended UGR value can vary based on the activities to be 

performed in the space (Lampesdirect.fr, 2023). 
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Table 13 - Recommended UGR. Source: (Lampesdirect.fr, 2023) 
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5. Results 

5.1. Occupant Responses  

Occupants’ responses to the cross-sectional survey were collected between the 12th and the 22nd of March 

2023. As a reminder, the aim of the survey was primarily to understand the profile, needs and preferences 

of the students in terms of the natural and electrical lighting available in the studios, and their times of 

occupancy and utilisation of these spaces. 

Overall, 36 people responded to the questionnaire, of whom 58.3% were female, 33.3% male and 8.3% 

preferred not to answer. Most participants were aged between 20 and 24 years, the median being 23 years 

old, as shown in Figure 50. The majority of the respondents were in the final years of study (Master 

students). In fact, most of the participants declared to have spent 4 to 5 years, or more, in the ateliers 

Vinci, as presented in Figure 51.  

 

 
Figure 50 - Age of the population. Source: Author 

 

 
 

Only one person declared to have troubles with colour vision. The students responding to the survey stated 

to use principally the studios that are located towards the west (bottom of Figure 52 (1)) and east 

orientation (top of  Figure 52 (2)) on the first floor of the Vinci building. On this image, the three different 

areas dedicated to the studios are coloured in blue. For the following parts of the thesis, the Vinci studios 

will be referred to by their numbers: 1= west studio; 2= east studio; 3= south studio (3). The studio called 

“Epure”, conversely, is located on the ground floor of the building, and is mostly used by students in their 

Bachelor degree The distribution of the students within each studio is presented in Figure 53.  

Figure 51 – Time spent in the studios - Source: Survio 
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Figure 52 – Location of the studios on the first floor of the Vinci. Source: Author 

 

 

Figure 53 - Distribution of the students in the studios. Source: Survio 

 

As studios are not strictly assigned to students in a specific year of their study, from this distribution it can 

be postulated that students tend to appreciate more working in the spaces available in studio 1 and 2. 

Conversely, studio 3 does not seem to be much utilised. In this area, there are two window openings: one 

is represented by a series of vertical windows with a south orientation, and the other one is a skylight with 

a north aperture in the roof. The 77.8% of participants declared to work close to a window (less than 5 m 

from it), thus, potentially benefitting from direct natural light from the outside.  

Concerning the frequency of occupation of the studios, the survey asked students to report the number 

of days per week, and the number of hours per day, that they generally spend in these spaces. Figure 54 

and Figure 55 present, respectively, the distribution of students’ responses. The images show that students 

effectively spend a considerable amount of time in the studios, especially before a project submission 

(called “charrette” in French). Sometimes, students can stay in these spaces up to 24 hours per day during 

the week, or up to 20 hours in the weekends. These results demonstrate that the studios are much more 
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than simply a place to work, these spaces define almost entirely their life, hence showing the relevance of 

this research to support their comfort, learning experience, but also health and well-being.  

 

 

Figure 54 – Number of days per week spent in the studios. Source: Survio 

 

 

Figure 55 – Number of hours per day spent in the studios. Source: Survio 

 

Further questions were asked about the personal feelings and perceptions that students have within the 

current studios. The 97% of respondents declared to feel tired after a day working there, although 67% of 

the students reported that these spaces can increase their work productivity. These results are shown in 

Figure 56 and Figure 57, respectively.  

It should be noted that, irrespective of the scale reported on the y-axes of the boxplots, all the questions 

in the survey allowed a response on a Likert-scale within the ranges from -3, not at all, to +3, strongly. Due 

to the software used for the creation of the boxplots (MS Excel), the y-axes at times also extends to values 

of -4 or +4, when the minimum or maximum value of the data corresponds to -3 or +3, respectively.  
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Figure 56 - Tiredness at the end of the day. Source: Author 

 

 
Figure 57 - Spaces improved productivity. Source: Author 

 

Asked whether they believe if the lighting solutions implemented in the studios can improve their work 

performance, the cohort of respondents was rather divided (half of the students were satisfied and half 

were not), but 75% stated that the distribution of horizontal light (natural and electric) is not sufficiently 

homogeneous. Looking at the means and medians of responses in the boxplots shown in Figure 58 and 

Figure 59 leads to postulate that lighting strategies in the current studios could much be improved.  

 

 
Figure 58 - Light improves work performance. Source: Author 

 
Figure 59 - Uniformity of horizontal light distribution. Source: 

Author 

 

The 83% of students declared to occasionally be disturbed by glare, particularly coming from a window 

during the afternoon or during the morning depending on the orientation of their workspace (respectively, 

west and east). Issues of visual discomfort were reported also from luminaires and reflections of interior 

surfaces. The distribution of responses to this question are presented in Figure 60. 
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Figure 60 - Sources of glare. Source: Survio 

 

From these initial responses, it can already be gathered that many students practically live in the studios, 

but that the solutions and strategies for the natural and electric light of their spaces are not felt to be 

consistently adapted to their working and living requirements.  

Other than accommodating students’ work in the studios, these spaces also host most of the assessments 

and evaluations within design criticisms, and occasionally, computer-based presentations by the teaching 

staff. The 70% of respondents stated that the vertical lighting for pin-up review is mostly not suitable to 

the purpose, with the only exception being the areas located underneath the northern rooflight in studio 

3. The boxplots of the results related to this question are shown in Figure 61 (ranging from -3, not well 

distributed at all, to 3, properly distributed). Another important aspect that is also relevant to the 

assessment of drawings and renderings is the colour rendering of the lighting. As shown in Figure 62 , most 

students responded that the lighting does not feel natural inside the studios (this corresponded to the 

value of +3 in the Likert scale for this question, -3 corresponding to unnatural).  

 

 
Figure 61 - Distribution of vertical lighting. Source: Author 

 
Figure 62 - Colour rendering. Source: Author 
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The final part of the cross-sectional survey asked students to respond to questions and include open-ended 

comments related to their choices and preferences The great majority, 72% of responses, stated to prefer 

to have mostly daylight in the working areas, while 28% declared to prefer a mixture of natural and electric 

light. In addition, all the respondents reported that access to an external view is an absolute necessity. 

The last question of the survey was aimed at collecting personal views in terms of desired lighting solutions 

and strategies. It was asked as follows: “If you had the chance to design the lighting strategies in your 

workspace, what would be your priorities?”. The answer to this question was open-ended, but respondents 

were asked to categorise the order of priority within their preferences. The statements reported by 

students were analysed thematically, and recurrent keywords were extracted. As expected, the most 

recurrent theme was referred to the use of daylight and, with that, access to quality views. Among the 

priorities reported by students, particular attention was given to the need to have adequate horizontal 

light distribution, but also the need for the light to respond to the changes in intensity and colour that 

characterise the passing of days and seasons. Students also articulated that studios are places where 

different activities are performed, often at the same time, each implying different lighting requirements. 

For this reason, students recurrently mentioned the need for adapted lighting, that is differentiated 

lighting sources that can concurrently support working on computers or drawings, modelling or sketching, 

etc., maybe also allocated to different areas within the studios. Often students stated that they would 

require having a personal task lighting on their desk, so as to more flexibly adapt to the orientation of their 

design or the times of use. Finally, vertical lighting needs to be homogeneously distributed, to ensure 

adequate appreciation of the work within pin-up assessments and evaluations.  

These key thematic areas – daylight, views, glare, horizontal distribution, changes in intensity and colour, 

adapted lighting, task lighting, vertical homogeneity – will be among the driving principles to be 

considered for the lighting recommendations of the new design studio building.  

A second section of the cross-sectional survey was aimed at defining the circadian profiles of students by 

the use of the Munich Chronotype Questionnaire (MCTQ). Based on the responses obtained, a calculation 

of the students’ chronotype was made in Excel, and a breakdown of data is included in the Appendix A. A 

comprehensive overview of descriptive statistics is presented in Table 14 and illustrated through boxplots 

in Figure 63. Based on this information, it is possible to better understand the rhythms around which the 

life and working activities of this particular population of building users is structured.  

Among the results obtained, it is first of all evident that, taken as a group, students do reflect average 

values within the urban population of Europe (e.g., the mean and median of chronotype is around 04:00, 

similarly to what reported in the study by Roenneberg, 2012). However, looking at the distributions of 

data, it can be clearly emphasised that there is a large variance in the chronotypes of students, ranging 

from the earliest to the latest types (e.g., distance between the upper and lower whiskers). The large 

differentiations existing in this specific group of building users is also evident through other variables, such 

as average weekly sleep duration, weekly sleep loss, and average weekly light exposures. In all these cases, 

in fact, the standard deviation of these parameters exceeds 1 hour. Also, the social jet lag is worth of 

specific consideration, this accounting in mean and median values for almost 1 hour of delay with respect 

to the general population. These results need to be considered with great care, as the large variation 

highlighted for various chronotype-related variables implies the capacity for a building hosting a large part 

of students’ daily life and work to be able to adapt flexibly and address different requirements.  
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Table 14 - Students' MCTQ variables - Source: Author 

 

 

Figure 63 – Boxplots of students’ MCTQ variables. Source: Author 

 

Occupant responses were also collected in this research through the administration of a right-now survey. 

Five participants responded to the questionnaire, these students working in areas of the studios whose 

lighting qualities could raise some concerns following the analysis of the data from the cross-sectional 

survey. Two of the students had desk oriented towards the east façade in studio 2, and the monitoring 

was conducted in the morning to emphasize eventual issues of discomfort due to glare. Participant 1 had 

the sun in the back while Participant 2 was sitting in a position facing the sun. The other students 

participating to the survey had desks located below the northern rooflight (participant 3), looking towards 

the south (participant 4), and facing the window in studio 2 but in a position far from the facade 

(participant 5). The synthesis of all responses collected is provided in Table 15.  

Overall, the results of the occupants’ responses to the right-now survey show that students prefer to work 

under natural light, but they need their workspaces to be properly located, or adequately protected, to 

avoid issues of glare. They consistently expressed the need to have adjustable blinds and personal task 

lights in order to be able to flexibly adapt their luminous environment to their needs, offer homogeneous 

distribution of light within the spaces, yet avoiding excessive contrast or risks of glare occurrence. 

Interestingly, students also mentioned the wish to have access to spectrally-tunable light that could better 

correspond to the hour of the day and the season to increase their feeling of comfort and well-being.   
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Table 15 – Synthesis of the results for the Right-Now survey. Source: Author 

  

 PARTICIPANT 1 PARTICIPANT 2 PARTICIPANT 3 PARTICIPANT 4 PARTICIPANT 5 

Studio 2 2 1 3 2 
Window 
Orientation 

East East North South East 

Age 23 years old 22 years old 23 years old 21 years old 22 years old 
Vision 
Problem  

Yes (not corrected via 
glasses/lenses) 

No No Yes (corrected via 
glasses/lenses) 

Yes (corrected via 
glasses/lenses) 

Time 10 :00 10 :10 11 :00 12 :00 14 :45 
Sun 
Direction 

Sun in the back Facing the sun No sun Facing sun Facing a window 

Horizontal 
Illuminance 

2940 lx 3230 lx 881 lx 901 lx 576 lx 

Vertical 
Illuminance 

5990 lx 5520 lx 578 lx 514 lx 1110 lx 

Global 
Feeling 
About Light 

The horizontal and vertical 
lighting are well distributed, 
and the colour rendering is 
strongly reliable. According 
to her the light increases her 
work performances.  

He is not satisfied with the 
general lighting, the vertical 
lighting is not well 
distributed, the colour 
rendering unacceptable, and 
the light disturbs his work 
performances. 

The light increases her work 
performances because the 
vertical and horizontal 
lighting are well distributed. 
Besides the colour rendering 
is very reliable.  

According to her, the 
horizontal and vertical 
lighting are well distributed, 
and the colour rendering is 
strongly reliable, but the 
lighting does not have an 
impact on her work 
performances. 

She is sitting far from a 
window, and she finds that 
the horizontal lighting is not 
well distributed but the 
vertical one is better. The 
colour rendering is reliable 
but still, the lighting disturbs 
her. 

Glare 
Perception 

Perceptible glare from a 
window 

Disturbing glare from a 
window 

Imperceptible  Perceptible glare from an 
interior surface 

Perceptible glare from a 
reflection of an external 
surface  

Outside 
View 

Yes, and strongly important 
to her 

Yes, and strongly important 
to him 

Yes, but less important for 
her than the other 
participants  

Yes, but it is not important at 
all for her  

Yes, and strongly important 
to her 

Desired 
Priorities 

Electrical blinds 
Personal electrical light 

Electrical blinds (or more 
accessible)  
Artificial light less “yellow” 
Spectrally tunable light 

Personal electrical light 
No glare  
Natural light 

Adjustable blinds that filter 
light 

Natural light 
Uniform horizontal light 
Adjustable blinds 
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5.2. Measured Data 

The first campaign of measurements in the Vinci studios was conducted on the 23rd of April 2023 and 

comprised the collection of horizontal illuminance values using an internal grid of 1.2x1.2m, as explained 

in Section 4.1.5. All measurements were taken under an overcast sky so that a comparison could be made 

between the data recorded throughout the campaign and those resulting from the simulations performed 

on the Rhino model at the same date and under the same sky conditions. The full data from the 

measurements, and the point-by point comparisons with the simulations, are presented in the Appendix 

C.  

Figure 64 presents an example of the simulations performed to compare and validate the 3D model with 

the measured values. This is a Point-in-Time simulation done with Climate Studio to observe the 

distribution of illuminance in the three different studios.  

 

 

Figure 64 - Point in Time illuminance simulation for April 23 at 16:52. Source: Author 

 

Table 16 shows some of the data points for studio 1. In the first column the measured data is reported, 

and in the second, the data resulting from the simulations are reported.  
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Table 16 - Horizontal illuminance comparison. Source : Author 

 Measured 
(lux) 

Simulated 
(lux) 

6 611 740 

7 696 875 

8 703 985 

9 717 917 

10 451 677 

11 214 2 

12 1320 1661 

 

It must be remembered here, however, that comparison of absolute values of illuminance might have 

some limitations, due to likely errors that could occur based on differences in external sky luminance, 

variation of reflective properties of the internal (and external) surfaces, maintenance and cleanliness, etc. 

For this reason, the comparison between measured and simulated data also included an analysis of the 

values of the daylight factor. The DF, in fact, allows a more reliable evaluation since illuminance data can 

be normalised by the measured (and simulated) external horizontal illuminance. On these bases, stacked 

line diagrams were plotted to compare the DFs at every position. To do that, three curves were drawn:  

• the first (DF measured, blue line) with the horizontal illuminance measured at every point on the 

grid divided by the simultaneous external horizontal illuminance;  

• the second (DF manually simulated, orange line), with the horizontal illuminance simulated at every 

point on the grid, at the same time and date of the measured campaign, divided by the simultaneous 

external horizontal illuminance under an overcast sky; 

• the third (DF simulated, grey line), with the absolute values of daylight factors given by 

ClimateStudio at every point on the grid, calculated under an ideal CIE overcast sky (daylight factor 

simulation do not require the setting of a specific date or time of day).  

This method was applied for every studio, and the curves are shown in Figure 66, Figure 67, and Figure 68. 

The positions in these diagrams are organised in parallel rows starting from the windows, Figure 65 gives 

an example in studio 3 for a better understanding.  

 

Figure 65 - Positions example for studio 3. Source: Author 
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Figure 66 - DF comparison for studio 1 -Source: Author 

 

 

Figure 67 - DF comparison for studio 2. Source: Author 



81 
 

 

Figure 68 – DF comparison for studio 3. Source: Author 

 

The stacked lines were compared primarily by visual inspection of their trends. Logically, a statistical 

analysis of results would have been more rigorous, with measure of square root mean errors and effect 

sizes of differences. Yet, this was not considered strictly necessary for the aims of this thesis, since the 

recognised tendencies revealed very similar patterns. This was especially the case when measured values 

(blue line) were compared with the simulated daylight factors (grey line). This was to be expected, as the 

manual derivation of the DF values from the point-in-time illuminance simulations is not a rigorous 

method, as this may be biased by the position of the external point where the value of horizontal 

illuminance is taken (e.g., if obstructions or reflections off external surfaces are not properly represented 

in the model). Yet, when looking at the diagrams, some regular patterns of differences might still be 

noticed between the measured and the simulated DF values.  

It must be noted that, in the diagrams, the points are reported with an ascending order of numbering, 

proceeding at regular and repeated intervals, from left to right, from the perimetral walls to the points 

located at the back of the studios. The differences detected are particularly evident for points that were 

close to windows. Again, this was to be expected as, in the simulated model, the degree of visual 

transmittance of the glazing was hypothesized and not measured, nor a weighting factor was assigned to 

the actual level of cleanliness of windows. As an example, in the south oriented spaces (studio 3), the 

glazing of the windows has a solar protection layer attached. This, of course, can radically change the level 

of daylight entering the rooms, but no information could be obtained for its rigorous modelling.  

A similar consideration can also be made for the surface properties of internal walls, objects, and furniture, 

which could have strongly influenced measured data, but that could not be systematically estimated for 

inclusion in the simulated model. To provide an example of the challenges that had to be faced, Figure 69 

presents the actual state of the studios throughout the measurement campaign. These limitations in the 

methods employed for the comparison between measured and simulated data need to be acknowledged, 

and will be more specifically discussed in the conclusive parts of this thesis.  
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Figure 69 – Current state of the studios. Source: Author 

 

The second measurement campaign was performed during the right-now surveys, while participants were 

filling in the paper-based questionnaire. The previous sections of the thesis have already presented the 

criteria based on which the areas to analyse were selected within the design studios. 

The first issue to consider from the results of the cross-sectional surveys was concerned with perception 

of discomfort due to glare. For this, students’ locations in the east-oriented studio 2 were chosen, with 

measurements being conducted in the morning during a mostly sunny day. HDR images were created to 

visualise the luminance maps of Participant 1 and Participant 2, and these are shown in Figure 70 and 

Figure 71. As per the results presented in Table 15 of the previous section, both participants reported the 

perception of discomfort due to glare from the windows. The illuminance received at their eyes was, 

respectively, of 5990 lx and 5520 lx. However, in the case of Participant 2, brighter patches of luminance 

can be clearly seen in the HDR images due to the presence of the sun in the field of view and reflections 

off internal surfaces. In fact, Participant 2 reported issues of disturbing glare, while the discomfort was 

only perceptible for Participant 1. In both cases, the horizontal illuminance was around 3000 lx, which is 

still a rather high value, especially since this was associated with patterns of light and shadow on their 

working surfaces. Both participants also gave a high priority to the availability of adjustable blinds. 
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Figure 70 – False colour HDR image, participant 1. Source: Author 

 

 

Figure 71 – False colour HDR image, participant 2. Source: Author 

 

Participant 3, sitting under a north facing aperture in the roof, had much less vertical and horizontal 

illuminance, 578 lx and 881 lx respectively. Indeed, the HDR image presented in Figure 72 shows a stark 

contrast with the luminance maps of the previous two participants. The only light source of diffuse light 

that can be seen in the image is the rooflight, which also explains clearly the opinion given by the student 

of imperceptible glare and the availability of adequately distributed natural light.  
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Figure 72– False colour HDR image, participant 3. Source: Author 

 

Participant 4 was sitting in the south-facing studio, with a desk position parallel to the windows. The 

illuminance received on the horizontal and vertical planes were, respectively, of 901 lx and 514 lx. The 

measurements were taken at 12:00 noon, with the sun perpendicular to the façade, but the student 

reported issues of perceptible glare only due to reflections off interior surfaces. From the HDR image of 

Figure 73, it can be gathered that, at this time of the year (April), the sun has an altitude in the sky such 

that the external overhang protects the field of view of the observer from direct radiation, although its 

horizontal depth is not sufficient to also guard from patches of direct illumination to be visible on the floor. 

Also, this participant stated a preference for having adjustable blinds that can be deployed upon necessity.  

 

 

Figure 73 – False colour HDR image, participant 4. Source: Author 

 

Participant 5 also had a desk located in the east-facing studio, but the measurements were taken in the 

afternoon (at 14:45) to explore issues of horizontal light distribution. For this student, the vertical 
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illuminance reached 1110 lx, but the horizontal illuminance was only 576 lx, a value that still responds to 

the requirements of standards, but that was considered not sufficient due to the stringent nature of the 

student’s visual task. For this participant, the view to the outside was particularly important, hence 

probably the reason why a desk location perpendicular to the window was chosen. Yet, in the early hours 

of the afternoon, and with the sun having moved towards the west, issues of perceptible glare due to 

reflection of the façade from the other side of the court were reported. In the HDR image of Figure 74, this 

is evident from the brighter patches seen in the higher parts of the surrounding buildings. 

 

 

Figure 74 – False colour HDR image, participant 5. Source: Author 

 

The results of the measurements performed concurrently with the right-now surveys clearly show the 

importance of contextualisation of the feedback received from building occupants, particularly when 

tackling issues that might be directly or indirectly correlated with the dynamic nature of daylight, different 

times of the day, and the locations and viewpoints that occupants may have inside a space.  

 

5.3. Lighting Simulations  

As explained in Chapter 4, lighting simulations were performed in three steps: 1) ClimateStudio was used 

to analyse CDBM metrics and annual glare probabilities in the design studios of the Vinci building; 2) OWL1 

was used to run point-in-time analysis and evaluate the non-visual effects of light corresponding to the 

times and locations of the measurements taken during the right-now surveys; 3) OWL2 was used to run 

annual analysis of visual performance metrics and potential for circadian simulation in the new building.  

Climate Studio 

The first lighting simulations to be performed for this research were conducted on ClimateStudio to offer 

an understanding of horizontal distribution of illuminance within the Vinci design studios. The point-in-

time results of these simulations were validated through comparison with measured data. Table 17 

provides an overview of the material properties that were defined in Rhino. 
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Table 17 - Rhino's settings. Source: Author 

Walls Beige plaster wall 

Floor Carpet E14 526 

Surrounding’s floor Road Paver Blocks 

Surrounding’s building Brick facade 

Glazing Clear 

 

Following the point-in-time analysis, annual simulations were performed in ClimateStudio. The dashboard 

in Figure 75. shows the mean horizontal illuminance over a year and on selected days and times. Figure 76 

presents the distribution of annual mean illuminance in the three studios. From these images, the initial 

observation can be made that the horizontal distribution of daylight is indeed not homogeneous. This 

confirms the feedback from the students, i.e., that studios have excessive contrasts and lack uniformity, 

and this might also be the reason why they asked for better electric lighting to complement daylight.  

 

 

Figure 75 - Dashboard of annual mean illuminance in the Vinci studios. Source: Author 
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Figure 76 - Annual mean illuminance in the Vinci studios. Source: Author 

 

Figure 78 shows that the continuous Daylight Autonomy, set at the minimum value of 300 lux (applicable 

to general ambient lighting), and for 50% of occupancy time as per the requirements of lighting standards, 

is satisfactory throughout the three studios. Although it has previously been stated that studios would 

require higher levels of horizontal illuminance on the working surfaces (between 500 lux and 750 lux), this 

analysis shows that the availability of light is not a major concern in these spaces. Conversely, the 

horizontal and vertical distribution of light, and its colour qualities, might represent liabilities for the 

students. Annual and daily distributions can be seen on the dashboard in Figure 77, and in Figure 78. 

 

Figure 77 – Dashboard of sDA300/50% in the Vinci studios. Source: Author  
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Figure 78 - sDA300/50% in the Vinci studios. Source: Author 

 

The majority of the students requested accessible blinds that they can manually operate at their 

convenience. From the simulations of annual solar exposure, presented in Figure 79 and Figure 80, it is 

easy to see how direct solar radiation enters the studios from the east, south and west facades. Not only 

this can cause uncomfortable patches of bright light on work surfaces, and risks of solar overheating during 

the spring, summer and early autumn period (as evidenced by the yearly evolution of ASE in Figure 79), 

but direct solar penetration can also be associated to occurrence of discomfort due to glare. These issues 

are presented within Figure 81 and Figure 82, and emphasise the risks of disturbing (in orange) and 

intolerable (in red) from most of the students’ workstations. Again, the results of this simulations confirm 

the feedback that students had provided in the cross-sectional surveys and the data that was collected 

during the right-now surveys and the simultaneous lighting measurements.  

 

 

Figure 79 - Dashboard of annual sunlight exposure in the Vinci studios. Source: Author 
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Figure 80 - Annual sunlight exposure in the Vinci studios. Source: Author 

 

 

Figure 81 - Dashboard of annual glare in the Vinci studios. Source: Author 

 

 

Figure 82 - Annual glare in the Vinci studios. Source: Author 
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After having performed spatial analysis of CBDM metrics across the three studio spaces, further 

simulations were conducted on specific locations. Figure 83 and Figure 84 present the annual illuminance 

analysis for the position where Participant 3 of the right-now surveys was sitting (location in studio 1, 

underneath the rooflight facing north; the student position is marked by the value of 1753 lx in Figure 84). 

As per the results of the simulation, annual horizontal illuminance at that point is rather homogenously 

distributed and, generally, abundant for performing visual tasks on the desk surface. However, across the 

seasons, it can be seen in Figure 83 that illuminance levels change drastically between summer and winter, 

both in terms of hours of illumination as with respect to daylight availability. In this case, it is possible to 

understand the need expressed by the participant to have complementary electric lighting, and personal 

task light, that can be used upon necessity during the year. Indeed, light is most abundant during the 

summer season, but this is the period when students are generally not present in the studios.  

 

 

Figure 83 – Dashboard of a point’s annual illuminance in the Vinci studios. Source: Author 

 

 

Figure 84 – Point’s annual illuminance in the Vinci studios. Source: Author 
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The position of Participant 2 in the east-facing studio was also selected to perform annual glare 

simulations, and verify the magnitude of the visual discomfort that was reported in the right-now survey. 

The analysis was performed at the same day and time of the measurement, 10am, confirming the risk of 

glare reported by the student (Figure 85 and Figure 86). Yet, ClimateStudio evaluated the risk of glare as 

intolerable while the participant indicated the level of glare as disturbing. One more time, this result 

confirms the potential gap that often exists between software-based glare prediction and the actual 

perception of building occupants (which could be moderate, for example, by the presence of a view to the 

outside). The software, in addition, emphasised the risk of intolerable glare for different periods of the 

year, between February and May, and between July and October. This can be seen in the dashboard of 

Figure 85. Blinds adjustable to respond to the students’ needs would certainly be required in these spaces. 

 

 

Figure 85 - Dashboard point's annual glare in the Vinci studios. Source: Author 

 

 

Figure 86 - Point's annual glare in the Vinci studios. Source: Author 

 

In conclusion, annual simulations confirm the feedback received from the students and allow a more 

thorough understanding of the lighting conditions that would be required in the new building. 
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OWL1 

The following part of lighting simulations in the Vinci building was performed with OWL1 to calculate, at 

each position of the right-now surveys, a series of non-visual (or non-image forming, NIF) metrics. This 

series of simulations was conducted to complete the characterisation of the lighting strategies within the 

Vinci, and verify whether students working within the studios receive sufficient circadian stimulation to 

sustain their health and well-being.  Before performing the simulations, the settings of the materials 

properties had to be selected for the simulation via Radiance, and these are presented in Table 18.The 

values in the right column of the table indicate the reflectance, or transmittance, properties of each 

surface, listing distinguished in the Red, Green, and Blue channel, the global value, and the roughness.  

  

Table 18 - Materials' settings OWL1. Source: Author 

Carpet void plastic grey_carpet 
0 
0 
5 0.1048 0.0989 0.0824 0.0003 0.3000 

Walls void plastic grey_painted_wall 
0 
0 
5 0.4494 0.4587 0.4604 0.0035 0.2000 

External floor void plastic brick_facade 
0 
0 
5 0.1381 0.0813 0.0598 0.0000 0.3000 

Ceiling void plastic white_painted_wall 
0 
0 
5 0.8836 0.8857 0.8401 0.0109 0.2000 

Roof void plastic soil 
0 
0 
5 0.0419 0.0292 0.0208 0.0000 0.0000 

Glazing void glass fouth_madison_glass  
0 
0 
3 0.342 0.448 0.473 

 

The simulations in OWL1 require the geometrical definition of the characteristics of the internal location, 

and the indication of a specific day and time when the analysis will be performed.  

The results provided by the tool can distinguish between “absolute” non-visual stimulation given by the 

sky vault and that reaching the eyes of the observer from their specific point of view inside a built space. 

The outputs of the analysis provide visualisations in region and view luminance, together with the 

graphical spectral characterisation of the incident light, and a tabular series of metrics that are useful to 

estimate the non-image forming (NIF) effects of light. These include the mEDI, or melanopic equivalent 

daylight illuminance, a metric that has been officially adopted recently by the CIE to benchmark in 

standards the non-visual responses to light, and the circadian stimulus (Maskarenj et al, 2012).  

Figure 87 below offers an example of the Grasshopper dashboard from where the visual and non-visual 

metrics generated by OWL1 for Participant 2 of the right-now survey could be appraised. 
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Figure 87 - Dashboard of OWL1 for participant 2. Source: Author 

 

The simulations performed on the five locations (Appendix D) from where students filled in the right-now 

surveys returned, in all cases, satisfactory values for NIF metrics and, therefore, potential for circadian 

stimulation. Indeed, this supports the previous finding that the actual availability of natural light is not a 

significant factor of concern, at least during the spring season, for the Vinci building.  

As an example, in Figure 87, the table for NIF stimulation at the view indicates a CS of 0.51, this responding 

to the need for the circadian stimulus to be at least 0.3 for one hour in the morning (simulation was 

performed for 10am) (Figueiro et al., 2017). This level of non-visual stimulation can help the entrainment 

of the circadian rhythm of students and improve their performance and perception of well-being for the 

rest of the day. However, the availability of abundant daylight from where the non-visual stimulation is 

generated might also come with its challenges, particularly when it is associated with risks of discomfort 

due to glare from bright patches of light in the sky or off reflective internal surfaces (as this was the case 

when Participant 2 filled in the right-now questionnaire).  

A semi-transparent blind that can filter the light, yet without altering its colour properties, or excessively 

reducing its horizontal and vertical illuminance, might seem to be an appropriate solution in this case.  

OWL2 

The final set of computer-based simulations for this research comprised annual analysis performed on the 

design proposal of the new building, to verify the annual distribution of visual (horizontal illuminance, 

glare analysis) and non-visual (circadian stimulus) metrics. These set of simulations respond to the need 

to analyse issues of sufficiency (lighting energy necessary for illumination), comfort (lack of visual contrast 

or glare), and well-being (entrainment of the circadian cycle). Since these outputs could not be 

comprehensively available within ClimateStudio, the OWL2 tool was used to generate the necessary data. 

All simulations were performed on the basis of a grid spaced at 0.4m x 0.4m intervals, and located at 0.9m 

from the floor, this corresponding to the general height of a drawing table.  
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The first step of the simulation was specifying the settings for the materials’ properties (Table 19). 

 

Table 19 - Materials' settings OWL2. Source: Author 

Carpet void plastic Carpet 
0 
0 
5 0.1555 0.1556 0.1461 0.0001 0.3000 

Walls void plastic Walls 
0 
0 
5 0.6589 0.5826 0.4518 0.0015 0.2000 

Red brick void plastic red_brick 
0 
0 
5 0.1295 0.0967 0.0737 0.0000 0.3000 

Ceiling void plastic Ceiling 
0 
0 
5 0.8394 0.8284 0.7931 0.0009 0.3000 

Tree foliage void plastic tree_foliage 
0 
0 
5 0.1176 0.1523 0.0558 0.0011 0.2000 

Glazing void glass Glazing 
0 
0 
3 0.989889 1 0.984464 

 

When settings were chosen, it was important to decide on other hypotheses such as the most appropriate 

way to model existing and new trees, which will populate the garden between the Vinci and the new 

building. This is indeed quite relevant, as the new studios will have a large façade orientated towards the 

north, so the presence of the trees will be a relevant element to influence the amount of diffuse daylight 

available from the visible sky vault or due to reflections from the foliage, or the façade of the Vinci itself. 

Based on the literature (Balakrishnan & Jakubiec, 2023), simplified trees were modelled, distinguishing 

between their foliage density for summer and winter. This is shown in  Figure 88 and Figure 89. 

 

 
Figure 88 - Simulation of summer trees. Source: Author 

 
Figure 89 - Simulation of winter trees. Source: Author 
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The winter trees were used for the annual simulations since it was considered that the periods of the year 

when the studios will be mostly used will correspond to the winter months. Also, this is the time of the 

year when the risk of insufficient daylight, for visual performance or circadian stimulation, will create the 

most stringent conditions that the lighting strategies implemented in the building will need to address.  

In any case, since the trees are located on the northern side of the new building, initial simulations 

performed with the two models of trees returned results that were very close each other. In fact, as Figure 

90 and Figure 91 show, the maximum Daylight Autonomy returned the same value for both cases.  

 

 
Figure 90 - DA of the new building (F1) with summer trees. Source: Author 

 
 

 

 
Figure 91 - DA of the new building (F1) with winter trees. Source: Author 

 

 

Results with continuous Daylight Autonomy (cDA) were also rather similar, returning a maximum hours 

with summer and winter trees of, respectively, 4437 hours and 4438 hours. On these bases, all of the 

other simulations performed for the new design studio building were performed with winter trees.  
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The following simulations on the new design studios analysed and compared the distribution of CBDM metrics (DA, cDA, UDI) based on the two 
options of facades, F1 and F2, that were presented in Section 4.2. To remind the reader, these two façade options were considered by the design 
team during the development of the project, although the chief architect, Yves Lepere, unfortunately passed away before its conclusions. 

For this reason, a decision was made for this thesis not to propose any modification to the existing façade proposals, but rather to test their 

performance and, eventually, propose some complementary lighting (natural and electric) or shading strategies, if so required. 

Façade 1 Façade 2 

 
Figure 92 - DA of the new building (F1) with winter trees. Source: Author 

 

 

 

 
Figure 94 - cDA of the new building (F1) with winter trees. Source: Author 

 
Figure 95 - cDA of the new building (F2) with winter trees. Source: Author 

  

 
Figure 96 - UDI of the new building (F1) with winter trees. Source: Author 

 

 
Figure 97 - UDI of the new building (F2) with winter trees. Source: Author 

 
 

Figure 93 - DA of the new building (F2) with winter trees. Source: Author 
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To compare the results obtained with façade 1 and façade 2, the outcomes of the simulations were justaxposed side by side. On the left side, Figure 
92, Figure 94 and Figure 96, present the DA, the cDA and the UDI produced by façade 1. Figure 93, Figure 95 and Figure 97 presents the outcomes 
of the simulations performed with façade 2. In all cases, the winter trees models have been used to run the analyses. 

From the comparison, it can be gathered that the global maximum value for the Daylight Autonomy (set at the minimum acceptable benchmark 
of 300 lx) is 4252 hours a year for both façade options. However, for façade 1, it can be observed that the ground floor received less light than the 
first floor (Figure 92). Also, at ground floor level, horizontal light distribution is higher towards the perimeter of the building, and gets lower with 
distance from the façade. This was to be expected as the design of façade 1 includes trapezoidal windows that become larger towards the top of 
the building. Conversely, with façade 2, horizontal light distribution is more homogeneous, both between the two floors, as in the direction 
perpendicular to the windows (Figure 93). Similar results can be observed when continuous Daylight Autonomy was tested (Figure 94 and Figure 
95). However, when the UDI was simulated, on the ground and first floors of façade 1 (Figure 96), light reaches more satisfactory values than the 
values of UDI detected for façade 2 (Figure 97), where excessive daylight illuminance is less “useful” as there would be a lower number of hours 
where illuminance would be in the range between 100 and 2000 lx. 

This first set of CBDM simulations for the two façade options leads to infer that the regular shape of the windows in façade 2 allows a more 

homogeneous distribution of horizontal illuminance over the floor surface, and between the ground and the first floor. Nevertheless, the size of 

the windows for façade 2 might be too large to avoid issues of excessive illumination on the horizontal surfaces, although it should be considered 

that the risks of solar overheating would be limited since this is a façade oriented towards the north. Also, it should be considered that all CBDM 

simulations were performed based on the standard settings required by regulations that require a minimum illuminance benchmark set at 300 lux. 

For design studios, higher values of horizontal illuminance (between 500 lx and 750 lx) might still be acceptable and, actually, recommended.  

In the four following images (Figure 98, Figure 99,Figure 100, and  

Figure 101), verticals metrics are represented, alongside a simulation of Daylight Autonomy across the floor surfaces. Vertical metrics included the 

simulation of risks of discomfort due to glare (DGP, daylight glare probability) and potential for circadian stimulation (CS, circadian stimulus). These 

two metrics were calculated at the eyes of the occupants, with a grid located in the points where the design of the new building has positioned the 

students’ working desks. Vertical metrics are represented by sombrero diagrams, each divided in four different potential view orientations. The 

inner circle of the sombrero diagram corresponds to the estimation of CS, and the outer circle presents the values of DGP. CS is expressed as a 

percentage, with 100% meaning that during at least one hour in the morning, the CS value was greater than 0.3. The DGP is expressed in hours of 

the year when the probability of glare occurrence exceeds the value of 0.35. 

From the simulations, it can be gathered that the CS is almost everywhere at 100%, with the exception of some desk positions on the ground floor 

of façade 1, when the students’ point of view is oriented away from the northern façade, and towards the partition walls located at the back of the 

studio spaces. In terms of risks of glare occurrence, for façade 1, no issues of glare were detected on the ground floor, while some mild issues of 

visual discomfort might be perceived on the first floor (where the width of the windows get larger) when looking towards the outside. For façade 
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2, some issues of glare might be perceived on the ground floor for students sitting nearby the façade. Potential issues of glare become more 

pronounced on the first floor, and these involve most desk positions, also when students’ point of view is oriented parallel to the façade.  

Façade 1 Façade 2 

  
 

Figure 98 - Vertical and DA horizontal metrics, first floor (F1). Source: Author 

  

 
Figure 100 - Vertical and DA horizontal metrics, ground floor (F1). Source: Author 

 

 
 

Figure 101 - Vertical and DA horizontal metrics, ground floor (F2). Source: Author 

 

For every grid points used to generate the sombrero diagrams, it is possible to calculate more precise vertical metrics (both CS and DGP) under 

every orientation of the viewing position. In Figure 100 and in Figure 101, a purple dot (corresponding to position 39) on the second row of desks, 

and in the middle of the floor surface, can be observed. From this point, annual Circadian Stimulus and DGP diagrams can be plotted, these 

providing a visualisation of the likelihood of discomfort due to glare and the non-visual stimulation that a student sitting in this position will receive 

along the year, based on the view direction of the working desk. The analyses have been performed for both façade options, in order to evaluate 

their performance and offer recommendations in support of the lighting experience offered to students (and teaching staff) of architecture. 

In the tables below, Figure 102, Figure 104, Figure 106 and Figure 107 plot the CS for the location highlighted, when the observers look in the four 

main orientations, respectively East, North, South and West, for façade 1. Figure 103, Figure 105, Figure 108 and Figure 109 offer the same analyses, 

at the same point, performed for façade 2. The colours on the scale represent the measure of CS, from 0 to its maximum value of 0.7. Similarly, for 

DGP, Figure 110, Figure 112, Figure 114 and Figure 116plot the DGP, at the set viewing position and in different orientations for façade 1. Figure 

Figure 99 - Vertical and DA horizontal metrics, first floor (F2). Source: Author 
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111, Figure 113, Figure 115 and Figure 117 present the same analysis for façade 2. In this case, the scale presents the actual values of DGP measured 

at the point for all times of the day and along the entire year. It should be reminded here that the lighting standard EN 17037 recommends DGP 

not to exceed the value of 0.35 for more than 5% of occupancy time (this benchmark corresponds to a high performance of the space). 
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Façade 1 Façade 2 

 
Figure 102 - East Circadian Stimulus (F1). Source: Author 

 
Figure 103- East Circadian Stimulus (F2). Source: Author 

 
Figure 104 - North Circadian Stimulus (F1). Source: Author 

 
Figure 105 - North Circadian Stimulus (F2). Source: Author 

 
Figure 106 - South Circadian Stimulus (F1). Source: Author 

 
Figure 107 - West Circadian Stimulus (F1). Source: Author 

 
Figure 108 - South Circadian Stimulus (F2). Source: Author 

  
Figure 109 - West Circadian Stimulus (F2). Source: Author 
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Façade 1 Façade 2 

 
Figure 110 - East Daylight Glare Probability (F1). Source: Author 

 
Figure 111 - East Daylight Glare Probability (F2). Source: Author 

 
Figure 112 - North Daylight Glare Probability (F1). Source: Author 

 
Figure 113 - North Daylight Glare Probability (F2). Source: Author 

 
Figure 114 - South Daylight Glare Probability (F1). Source: Author 

 
Figure 115 - South Daylight Glare Probability (F2). Source: Author 

 
Figure 116 - West Daylight Glare Probability (F1). Source: Author 

 
Figure 117 - West Daylight Glare Probability (F2). Source: Author 
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From the CS analysis it is evident that, at the chosen location, both floors received abundant light to entrain circadian stimulation irrespective of 
the direction towards which the observer looks. The two façade options have fairly similar results, although façade 2 offers a higher level of light 
for entraining non-visual effects, as it could be expected due to the larger size of the windows.  

Yet, it must be noticed that the values of CS for the morning hours are often particuarly low during the winter months (from October through to 
March). This, of course, has little to do with the design of the façades, but is an effect that derives purely from the latitude of Louvain-la-Neuve 
(50.6681° N), which is such that the sun rises in the sky rather late in the morning in winter. Often, then, students will reach the studios without 
having received any useful daylight exposure in the early hours of the day. This suggests that the building lighting strategy could integrate 
complementary electric lighting that are blue-shifted in order to stimulate the circadian entrainment, or spectrally-tunable in order to be adapted 
also to different uses throughout the days and the seasons. These could be both provided in the form of task lighting (as many students requested 
in the cross-sectional survey), and as ambient lighting in the studio that could complement daylight at times when natural light is not available. 

In terms of Daylight Glare Probability, the DGP analysis at the chosen location reveals that concerns for glare occurrence are rather limited, as it 
could be expected considering that the design studios are oriented towards the north. This reinforces the validity of the design principles that were 
established as the basis for the new building project.  

For façade 1, the risks of glare occurrence are consistently below the threshold of imperceptible glare (DGP< 0.35) and only show values reaching 
0.375 in the central hours of the day during summer months, when students are looking towards the north. This risk of glare is likely to be associated 
to bright patches of the northern sky vault, or maybe to reflections off the southern façade of the Vinci building. Yet, it must be remembered that 
the simulation used a modelling of the trees adapted to their winter conditions, so it is likely that the foliage of the vegetation during summer 
months would help reduce the risks of visual discomfort (while studios are also much less occupied during summer). Therefore, no additional 
shading devices or other protective system should be recommended for visual comfort under this façade option.  

For façade 2, the risks of discomfort due to glare are slightly more pronounced, particularly when the orientation of the viewpoint is towards the 

East (desk parallel to the façade) or towards the North (desk perpendicular to the façade, looking out). For the former view direction, values up to 

DGP = 0.40 can be achieved in the early hours of the day in summer (these are marked as bright yellow patches in Figure 102 for example). 

Conversely, when the observer looks towards the north, the risks of glare are much more evident, reaching values of DGP= 0.52 for the central 

hours of the day, between the months of March and September. A value of daylight probability exceeding 0.45 is, in fact, beyond the minimum 

recommendations of standard EN 17037, hence, if façade 2 was to be implemented, the glazing would need to be protected with a shading device. 

Naturally, in the selection of the most appropriate protection strategy, it should be considered that façade 2 also had the most homogeneous light 

distribution due to the more regular shape of its windows, although the UDI simulation had emphasised some risk of excessive illuminance due to 

the larger size of the glazing. A simple, and appropriate solution might possibly be represented by lightly textured internal fabric curtains covering 

the entire height of the windows, which could be operated manually by the students upon need (and maybe retracted automatically at the end of 

the day). This might reduce the risks of glare and excessive illumination, while not preventing a clear view towards the external garden.  
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6. Discussion 

6.1. The Vinci and the New Studios 

To start the discussion on the results of this work, it is important first of all to trace the links between the 

existing building and the new one, as the pedagogy, and the occupants of the spaces, will be the same.  

According to the literature (Dutton, 1987), the pedagogy of design courses is very specific and it is closely 

intertwined with the spatial characteristics of the place where it is delivered (Kuhn, 2000). Architectural 

education at UCLouvain implies the concurrent development of several activities in the studios – drawing, 

model making, work on computer screens, alongside table-based tutorials and pin-up assessments – these 

requiring different lighting strategies and solutions that can be flexibly adapted to the diverse methods for 

teaching and learning that are adopted at the LOCI faculty. 

A thorough study of the lighting conditions in the current design studios at the ateliers Vinci, together with 

a through characterisation of the profiles of architectural students, and their needs, preferences and 

aspirations for their visual environment, has allowed to emphasise the key areas that represent a priority 

to tackle in the design of the new spaces. The measurements and simulations presented in the previous 

chapter have emphasised that availability of daylight is not a major concern for most of the working areas 

in the current design studios. Nevertheless, data collection and analysis has allowed to emphasise key 

lighting issues that should be addressed, these including the following: 

• the adequate horizontal and vertical distribution of natural light;  

• the importance of providing an unobstructed view to the outside; 

• the relevance of avoiding discomfort due to glare – according to façade orientation, times of day, 

and seasons – by the availability and direct control of adjustable blinds; 

• issues related with control of changes in luminous intensity and colour characteristics of light, 

particularly in connection with the existing, generalised, electric lighting system; 

• the capacity to adapt the lighting to different pedagogical requirements (e.g., studio crits and 

projections, evaluations, daily studio-based activities, etc.) 

• the wish to provide every workstation with spectrally-tunable task lights to accommodate specific 

students’ requirements.  

These points of attention for the lighting strategies could not only strongly benefit the development of the 

pedagogical activities within the studios, and improve the learning experience of students (Masson, 2019). 

The definition of more adaptable and flexible solutions to manage the ingress of natural light, combined 

with a dynamic and responsive complementary electric lighting system, would also respond to the specific 

and varied characteristics of the students in terms of their ‘spectral diet’ (Webler, et al. 2019) and their 

demanding lifestyles and circadian profiles (Roenneberg, et al., 2007).  

Analysis of the results of the MCTQ questionnaire, in fact, revealed that, although the student population 

under analysis can be said to generally correspond to the average chronotype characteristics of the 

European urban population (Roenneberg, 2012), significant variability was detected among many other 

indicators of circadian responses. The survey’s results showed that some students are out of step with 

society with a social jetlag that goes from 00:10 to 01:50. Moreover, the extremes of their chronotype can 

vary from 00:00 to 05:52, this representing a considerable variation in individual habits and metabolic 
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cycles. Some students also reported to have very little weekly exposure to natural light, while other 

parameters such as weekly sleep loss and average sleep duration also varied remarkably. Certainly, this 

large variance cannot be adequately addressed with ‘one-size-fit-all’ automated and generalised lighting 

strategies and solutions, but rather require the provision of flexibly adaptable solutions to meet individual 

students’ requirements and needs.  

In conclusion, based on the results obtained from the analysis of the Vinci design studios, and its 

inhabitants, verification and recommendations can be provided for the design of the new building recently 

proposed to host architectural students’ activities in the future. These will be discussed in the next section. 

 

6.2. Lighting Strategies for the New Building  

This thesis has been entirely centred on addressing the needs and requirements of students in architecture 

for their visual and non-visual responses, and to sustain at once, their learning experience, as much as 

their comfort, health and wellbeing. This has allowed, in the previous chapter, to drive the evaluation of 

the lighting performance of the proposed new building, and to critically compare two alternative façade 

options, façade 1 and façade 2. Clearly, the scenarios thought for the new studios are going to be only 

considered as propositions that could benefit the students and the pedagogy, without wishing to modify 

the principles and criteria adopted by the design team. Ultimately, buildings are created to offer to their 

occupants all possible opportunities to answer their needs, requirements, preferences, and aspirations.  

With all information collected during the year, some scenarios have been presented in the results chapter 

based on the annual simulations of visual and non-visual metrics conducted through the OWL2 tool. These 

scenarios can be useful in order to define the design characteristics of the façade to be chosen (option 1 

or option 2), but also could be considered for defining the surface properties of internal materials and 

objects (e.g., table surfaces, floor, walls), the type of electric lighting to be implemented and its strategies 

for control, the use of task lighting at the students’ desks, the provision of internal shading devices, and 

also the most appropriate location and orientation of the different workstations. 

As an example, for the arrangement of furniture and students’ desks, the simulation of horizontal 

illuminance metrics (DA, cDA, UDI) can offer valuable information on which design decisions can be made. 

The new building has a limited width, hence there are not many options for the placement of the tables, 

unless these are organised in rows parallel to the northern façade. In this case, however, the simulations 

performed under façade 1 revealed the risk of potential contrast, and not perfectly homogeneous 

distribution of daylight away from the façade. This is also evident when looking at the light distribution 

within the two smaller working space located at the sides of the main studio area. Daylight availability was, 

moreover, rather different when comparing results for the ground and the first floor.  

Other than the position of the tables across the studio spaces, also their orientation and the direction of 

view from the sitting location of students can be discussed. In fact, the vertical metrics evaluated through 

OWL2 allowed to consider simultaneously the potential for circadian stimulation (CS), as well as the risks 

of discomfort due to glare (DGP). For façade 1, the potential for circadian entrainment would be almost 

equally available for students regardless of their viewing orientation (unless they look towards the back 

wall in the south), while some mild issues of glare might arise particularly for those sitting on the first floor 

and looking in a direction perpendicular to the façade, hence towards the garden in the north.  
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This might suggest an orientation of the working desks parallel to the façade, that is with students looking 

towards the east or west, although in this case the occupants of the space might benefit only partially of 

a direct view to the outside. If a direct view towards the outside was to be preferred, issues of potential 

glare would be anyway relatively easy to counteract, for example by the use of a light fabric veil or curtain, 

which might filter the incoming light, reduce excessive contrast or the view of bright patches of sky or 

reflections, yet without completely obstructing the view to the outside. Due to the large size of the 

windows, a potential proposal could consist in curtains covering the entire northern wall, like the curtains 

of a theatre, opening onto the arts garden but separated into sections, so that they may be adjusted to 

suit different requirements and be flexibly adaptable to different pedagogical activities at the same time. 

To respond to the results of the data collection in the Vinci, another strategy to propose could consist in a 

spectrally-tunable and flexibly-controlled electric lighting system. Changes in the spectral characteristics 

and colour temperature of the lighting, or utilisation of movable luminaires horizontally-mounted on a 

lightweight secondary structure above the working desks, could allow adjustments in intensity and 

directionality of lighting, and to adapt the colour rendering to the qualities of daylight based on times of 

the day or the seasons. A secondary structure (e.g., easily relocatable) might also offer the opportunity for 

impromptu partitioning of areas within the studios, projects, blacking out of specific spaces, etc. This might 

also facilitate spatial adaptations, particularly for projections or pin-up assessments. The general lighting 

system might also be complemented by spectrally-tunable task lighting available for each student for them 

to control more directly the quantity and quality of lighting at their work station.  

Similar principles and strategies could also be applied to the second proposal for the northern façade, the 

option that has been labelled in the OWL2 simulations as façade 2. The two facades are rather different 

from an architectural perspective, and they also entail different light performance.  

Indeed, the results showed that façade 2, with its larger and more regularly shaped windows, would bring 

a higher amount of light (DA and cDA), which would be more homogeneously distributed than façade 1 

over the design studio spaces, and between the ground and first floor. Yet, UDI simulations revealed that 

this façade option might also bring issues of excessive illuminance (>2000 lx). Although this parameter is 

obviously to be considered with care, it must also be remembered that risks of solar overheating would 

not be relevant as the façade is perfectly oriented towards the north. Also, thanks to its larger windows, 

equally sized at both floors, façade 2 would offer more opportunities for external views, which have been 

suggested as highly important for the students. Some more stringent issues would anyway arise in terms 

of glare occurrence, both on the ground floor for students sitting in the vicinity of the façade, as on the 

first floor for workstations looking towards the East or towards the North. Yet, these results need to be 

evaluated with care. Glare issues for work positions looking towards the East are likely to happen over the 

summer months at the very early hours of the day, these corresponding to times where the design studios 

will be hardly utilised by students. For positions looking over the North, conversely, risks of glare 

occurrence are more relevant, and they would require the definition of appropriate measures. As already 

emphasised, however, these issues of glare are likely due to bright patches of sky or reflections off the 

Vinci façade, which could be partially or totally masked by the foliage that would grow on trees in summer. 

Alternatively, a shading solution similar to that proposed for façade 1, that is a light fabric curtain or veil 

covering the entire window wall, and organised in section for flexible deployment, might address the 

issues of visual discomfort, while allowing a more abundant and homogeneous light availability both to 

enhance visual performance and to address circadian non-visual requirements of studio users.   
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7. Conclusions 

This section aims to conclude the thesis summarising the findings, acknowledging the limitations of this 

work, and suggesting potential possibilities for future research.  

 

7.1. Main Findings 

The thesis was guided during all its development by the following question: What type of light is necessary 

for supporting the pedagogy of architectural design studios and the learning experience of students? 

To answer this question, research was done focusing on two core topics: 1) light for visual and non-visual 

needs; and, 2) the pedagogy of design studios. A broad literature review has allowed to set the proper 

foundations to better understand the multiple roles of light in buildings, and its effects on the visual and 

non-visual systems of their occupants. This was followed by the documentary collection of information 

about architectural design studios, different modes of education, and their dependencies with spatial 

qualities and technological devices. Once these data were assembled, two specific objectives were defined 

in order to help to respond to the original research question: 

• In the design of architectural studios, which lighting strategies (natural and electric) sustain different 

pedagogical methods and spatial dynamics? 

• In the design studios of architectural schools, how to support the students with an appropriate 

lighting strategy in order to respond simultaneously to their visual comfort and the needs of non-

visual well-being and to their diversified working/living schedule? 

Having set up the general research framework of this work, the necessary materials and methods were 

defined. The first step was to introduce the initial case study on which this work has been based, the Vinci 

building in Louvain-la-Neuve, and the design studios that are used by the students and staff of the LOCI 

faculty of architecture. The characteristics of the spaces, and the requirements, needs and aspirations of 

their users, were investigated through three research methods: 1) occupants surveys (cross-sectional and 

right-now); 2) measurements and data collection; 3) building performance simulations.  

The results of surveys allowed to better comprehend the profiles of the students, their lifestyles, the way 

they use the design studios, and the potential issues that the current spaces might entail in terms of 

lighting strategies. These were then verified via a comprehensive campaign of measurements, including 

the collection of both vertical and horizontal luminous metrics. The data were used to validate a simulation 

model from where further information could be gathered, encompassing visual performance as well as 

opportunities to address circadian needs of building users. These lessons were transferred to evaluate the 

design proposal for a new building that will host, over coming years, the students of architecture.  

In so doing, some of the answers necessary to respond to the aim of this thesis, and its specific objectives, 

could be found. The lighting strategy for an architectural design studio should be delivered with great 

homogeneity, horizontal and vertical, good colour rendering, and consistent luminous intensity. Daylight 

would always be the preferred source of this light, but this has to be complemented by a spectrally-tunable 

and flexibly adaptable electric lighting systems to respond to the varied needs of the pedagogy, and the 

individual requirements of users. Daylight also often comes with a view, which is really appreciated by 

building users, and a priority to consider in design. Yet, personal control is an element of major importance, 
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both for avoiding issues such as discomfort due to glare, as to address individual demands that might be 

connected to the task or the individual profile of people. Indeed, all users of an architectural design studio 

should be able to choose, and adapt, the lighting they need at the time they want. Clearly, this would also 

imply “education” of users, students and staff, instructing on what lighting could provide a better response 

to various visual needs and/or circadian phases. But, after all, providing this “enlightened education” 

should be part of the mission of a pedagogical program in architecture and architectural engineering. 

 

7.2. Limitations 

Considering that this thesis had to be completed during one academic year, the time was the first limitation 

to succeed in comprehensively acquiring and deploying three different methods to conduct research: 

surveys, measurements, and simulations. This was a complex exercise, to be completed in a relatively short 

period of time, which required the appropriation of a number of techniques that were either completely 

new, or that had been only partially encountered during the previous course of the study. 

The choice to use the current design studios of the Vinci as the initial case study, and to then transfer the 

lessons learnt to the design of the new building, also represent a limitation, since some of the 

recommendations provided might not be universally applicable to educational institutions that utilise a 

different type of pedagogy, or whose students have a different lifestyle and working patterns. Indeed, an 

important limitation is also given by the relatively small size of the sample used to characterise students’ 

profiles, and define their needs, aspirations and visual and non-visual requirements. This was a limitation 

imposed by the small time available, but also by the wish to respond more directly to the specific demands 

of the students of the LOCI faculty of architecture.  

The simulation tools used for performing visual and non-visual analysis, OWL1 and OWL2, are also new, 

and not yet comprehensively validated. However, the thesis also provided the opportunity to contribute 

to their development, while also offering results that could not be available using other currently available 

software, unless different platforms were combined.  

Finally, the definition of the lighting strategies in support of the pedagogy of architecture were also 

constrained by the design principles of the new building. As mentioned, also due to the recent passing 

away of the chief architect, it was not the intention of this thesis to modify its design or propose alternative 

solutions, but only to evaluate the performance of the proposed spaces, compare the available options 

for the façade, and suggest complementary scenarios to enhance the lighting qualities of the spaces. Other 

possibilities could have implied a modification of design criteria or maybe alternative solutions for the 

façade openings. 

 

7.3. Further Research 

This thesis obviously leaves some areas that deserve to be investigated with further research.  

For this study, it was decided to define lighting recommendations that can be applied by the LOCI faculty 

in its new building. Clearly, similar studies could be conducted in other educational institutions, also 

including programmes that can be different from architecture, so as to define solutions for lighting that 

can be adapted to different pedagogical methods and respond to the requirements of other students. 
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These might not only include academic institutions, but also be extended to other degrees of education 

(as example, school children).  

Further instruments could also be used for data collection. As an example, simulation tools were used to 

define the visual and non-visual exposure that students receive (or would likely get) in the studios. 

Conversely, wearable devices – such as the LYS buttons, which are easily clipped on clothes – could be 

integrated in the data collection campaign to better characterise the actual ‘spectral diet’ of students of 

architecture. Similarly, new or other tools could be used for the simulations of spaces, maybe more 

comprehensively integrating the visual and non-visual inputs of daylight and electric lighting (this is part 

of multi-channel spectral simulation, which is currently under development in the context of OWL3). 

Finally, another possible step could be to work directly with the architects of a project and to associate the 

research of light with the development of the design. In this case, façade openings could be defined 

alongside the verification of lighting strategies, for the benefit of both the pedagogical programme and 

the experience of users. 
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9. Appendix 

A. Cross-sectional Survey 

B. Right-now survey 

C. Measurement campaign 

D. Lighting simulations 

 

 

 



A.     Cross-sectional Survey
A.1.   General Questionnaire 

11

Questionnaire	transversal

Info rmat ions	pou r 	 les	par t ic ipant s	et 	 fo rmu lai r e	de	consentementIn fo rmat ions	pou r 	 les	par t ic ipant s	et 	 fo rmu lai r e	de	consentement

E tude	 : 	E tude	 : 	 Besoins	des	étudiants	pour	l'éclairage	des	ateliers	d'architecture

Invest igateu r 	 : 	Invest igateu r 	 : 	 Victoria	Crevits,	étudiante	en	Master	2	en	ingénieur	architecte,	faculté	LOCI,	Université	Catholique	de	Louvain.

S uper viseu r 	 : 	S uper viseu r 	 : 	Prof.	 Sergio	 Altomonte,	 Professeur	 en	 Physique	 appliquée	 au	 domaine	 de	 l'Architecture	 dans	 la	 faculté	 LOCI,	 Président	 de

‘Louvain	 research	 institute	 for	 Landscape,	 Architecture,	 Built	 environment	 (LAB)’,	 Directeur	 du	 groupe	 de	 recherche	 ‘Architecture	 et	 Climat’,

Université	Catholique	de	Louvain.

Natu re	 et 	 su jet 	 de	 l ’ét ude	 : 	Natu re	 et 	 su jet 	 de	 l ’ét ude	 : 	 Cette	étude	cherche	à	comprendre	les	besoins	des	étudiants	en	lumière	artificielle	et	naturelle	dans	les	ateliers

d’architecture.	Dans	cette	expérience,	le	but	est	de	comprendre	les	besoins	des	étudiants	dans	les	ateliers	existants	du	bâtiment	Vinci	pour	ainsi

comprendre	comment	aider	à	améliorer	la	lumière	dans	la	nouvelle	aile	qui	va	être	construite.

P rocédure	 expér imentale	 : 	P r océdure	 expér imentale	 : 	Cette	 enquête	 a	 pour	 but	 de	 récolter	 des	 données	 importantes	 sur	 les	 ressentis	 des	 étudiants	 quand	 ils

travaillent	dans	les	ateliers	du	bâtiments	Vinci	ainsi	que	de	comprendre	le	confort	dont	ils	ont	besoin.

Pour	cette	étude	:

-	Vous	allez	devoir	répondre	à	un	test	préalable	pour	permettre	à	l’investigateur	de	comprendre	la	population	qui	répond	à	cette	enquête.

-	Vous	allez	devoir	répondre	à	une	série	de	questions	sur	vos	ressentis	de	la	lumière	dans	les	ateliers.

Pér iode	de	 t emps	 r equ ise	 : 	Pér iode	de	 t emps	 r equ ise	 : 	 20	min	maximum

En	cliquant	sur	le	bouton	"LANCER	LE	QUESTIONNAIRE"	ci-dessous,	vous	acceptez	de	participer	à	cette	étude	et	consentez	à	ce	que	des	données

statistiques	anonymes	soient	extrapolées	à	partir	des	réponses	que	vous	donnerez.	Vous	conserverez	le	droit	de	retirer	à	tout	moment	les	données

que	vous	avez	fournies	dans	le	cadre	de	l'étude.

CONTEXTECONTEXTE

1
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1	Quel	est	votre	genre	?

Propositions	de	réponse:	Choisissez	une	seule	réponse

Femme Homme Préfère	ne	pas	répondre

2	Quel	est	votre	âge	?

3	Quelle	est	votre	année	d'étude	?

Propositions	de	réponse:	Choisissez	une	seule	réponse

Bac	1 Bac	2 Bac	3 Master	1 Master	2

4	Quelle	est	votre	origine	?

Propositions	de	réponse:	Choisissez	une	seule	réponse

Blanc Groupes	ethniques	multiples	/	mixtes Asie Noirs	/	Africains	/	Caraïbes	/	Britanniques	noirs

Autre…

5	Est	que	vous	avez	des	problèmes	au	niveau	de	votre	vue	?

Propositions	de	réponse:	Choisissez	une	seule	réponse

Oui Non

Si	oui,

6	Portez-vous	des	lunettes	?

Propositions	de	réponse:	Choisissez	une	seule	réponse

Oui Non
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7	Portez-vous	des	lentilles	?

Propositions	de	réponse:	Choisissez	une	seule	réponse

Oui Non

8	Avez-vous	une	vision	normale	de	la	couleur	?

Propositions	de	réponse:	Choisissez	une	seule	réponse

Oui Non

9	Avez-vous	d’autres	problèmes	au	niveau	de	votre	vision	?

Propositions	de	réponse:	Si	oui,	décrivez	le	problème.

ATELIERSATELIERS

10	Depuis	combien	de	temps	fréquentez-vous	les	ateliers	du	Vinci	?

Propositions	de	réponse:	Choisissez	une	seule	réponse

1	an 2	ans 3	ans 4	ans 5	ans Plus	de	5	ans

11	Dans	quel	atelier	travaillez-vous	le	plus	souvent?

Propositions	de	réponse:	Choisissez	une	seule	réponse

Epure	(bac	1,	bac	2) Fond	(bac	3) Droite	(master	1) Gauche	(master	2)

Autre…
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12	Depuis	combien	de	temps	travaillez-vous	dans	cet	atelier	?

13	Quelle	est	l’orientation	principale	de	votre	espace	de	travail	habituel	dans	les	ateliers?

Propositions	de	réponse:	Choisissez	une	seule	réponse

Nord	(pas

d'ensoleillement	direct)

Est	(ensoleillement	direct

le	matin)

Sud	(ensoleillement

direct	à	midi)

Ouest	(ensoleillement	direct

l'après-midi)

14	Travaillez-vous	souvent	près	d’une	fenêtre	(à	moins	de	5m)	?

Propositions	de	réponse:	Choisissez	une	seule	réponse

Oui Non

15	Combien	de	jours	au	total	dans	une	semaine	passez-vous	dans	les	ateliers	?

Propositions	de	réponse:	Choisissez	une	seule	réponse	dans	chaque	rangée

0 1 2 3 4 5 6 7

En	général,	durant	la	semaine,	je	passe	...

En	général,	durant	les	weekends,	je	passe

...

Pendant	une	charrette,	durant	la

semaine,	je	passe	...

Pendant	une	charrette,	durant	le

weekends,	je	passe	...

16	Combien	d'heures	par	jour	passez-vous	dans	les	ateliers	?

Propositions	de	réponse:	Choisissez	une	seule	réponse	dans	chaque	rangée

4h	ou	moins 5-8h 9-12h 13-16h 17-20h 21-24h

En	général,	durant	la	semaine,	je	passe	...

En	général,	durant	les	weekends,	je	passe	...



Questionnaire 	transversalQuestionnaire 	transversal

55

Pendant	une	charrette,	durant	la	semaine,	je	passe	...

Pendant	une	charrette,	durant	le	weekends,	je	passe	...

17	A	la	fin	d’une	journée	de	travail	en	atelier,	vous	sentez-vous	fatigué	?

-3 -2 -1 0 1 2 3

Pas	du	tout Fortement

18	Pensez-vous	que	ces	espaces	améliorent	votre	productivité	?

-3 -2 -1 0 1 2 3

Pas	du	tout Fortement

19	Pensez-vous	que	la	lumière	dans	les	ateliers	améliore	vos	performances	de	travail	?

-3 -2 -1 0 1 2 3

Pas	du	tout Fortement

20	Est-ce	que	vous	pensez	que	la	distribution	horizontale	de	la	lumière	(naturelle	et	artificielle)

est	homogène	dans	l’atelier	où	vous	êtes	?

-3 -2 -1 0 1 2 3

Pas	du	tout Fortement

21	Comment	jugez-vous	la	couleur	de	la	lumière	artificielle	à	l'intérieur	des	ateliers	?

-3 -2 -1 0 1 2 3

Froide	(blue) Chaude	(rouge)

22	La	lumière	dans	les	ateliers	vous	offre-t-elle	un	rendu	des	couleurs	adéquat	(c.a.d.	vous

pouvez	bien	apprécier	les	couleurs	de	vos	dessins	ou	de	l'écran	de	l'ordinateur).

-3 -2 -1 0 1 2 3

Mauvais	(pas	naturel) Bon	(naturel)
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23	Ressentez-vous	parfois	des	épisodes	d'éblouissement	(c.à.d.	luminosité	excessive)	dans	les

ateliers	?

Propositions	de	réponse:	Choisissez	une	seule	réponse

Oui Non

Si	oui,

24	D'où	vient	la	source	de	l'éblouissement	?

Propositions	de	réponse:	Choisissez	une	ou	plusieurs	réponses

D'une	fenêtre	le	matin
D'une	fenêtre

l'après-midi

D'une	réflexion	sur

l'écran

D'une	réflexion	d'une	surface

intérieure

D'une	réflexion	d'une	surface

extérieure
Des	luminaires

Autre…

25	Pensez-vous	que	l’éclairage	vertical	soit	bien	distribué	dans	le	cadre	d’un	affichage	?

-3 -2 -1 0 1 2 3

Pas	du	tout Fortement

26	Précisez	le	lieu	où	vous	vous	référez	pour	la	question	précédente.

27	Y	a-t-il	d’autres	informations	qui	ne	sont	pas	posées	dans	les	questions	ci-dessus	que	vous

pensez	devoir	donner	à	l’investigateur	par	rapport	à	la	qualité	lumineuse	des	ateliers	?	Si	oui,

veuillez	remplir	le	cadre	mis	à	votre	disposition.
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CONFORT	LUMINEUXCONFORT	LUMINEUX ​

28	Quand	vous	travaillez	sur	l’ordinateur,	utilisez-vous	les	stores	?

-3 -2 -1 0 1 2 3

Jamais Souvent

29	Si	vous	aviez	le	choix	préférez-vous	travailler	avec	de	la	lumière	naturelle	ou	artificielle	?

Propositions	de	réponse:	Choisissez	une	seule	réponse

Naturelle Artificielle Mélange	des	deux

30	Est-il	important	pour	vous	d'avoir	accès	à	une	vue	sur	l'extérieur	depuis	votre	lieu	de	travail	?

-3 -2 -1 0 1 2 3

Pas	du	tout Fortement

31	Vous	considérez-vous	comme	sensible	à	la	lumière	artificielle	?

-3 -2 -1 0 1 2 3

Pas	du	tout Fortement

32	Vous	considérez-vous	comme	sensible	à	la	lumière	naturelle	?

-3 -2 -1 0 1 2 3

Pas	du	tout Fortement

33	Si	vous	aviez	la	chance	de	concevoir	l'éclairage	de	votre	espace	de	travail	dans	les	ateliers,

quelles	seraient	vos	priorités	(vous	pouvez	lister	1,	2,	3,	etc.	par	ordre	d'importance)	?

CYCLE 	CIRCADIENCYCLE 	CIRCADIEN
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En	semaine,

34	Je	me	lève	généralement	à	...

35	J'ai	besoin	de	...	minutes	pour	me	réveiller.

36	Je	suis	généralement	réveillé	...

Propositions	de	réponse:	Choisissez	une	seule	réponse

Avant	mon	alarme Avec	mon	alarme

37	A	…	je	suis	parfaitement	réveillé.

38	Autour	de	…,	J’ai	normalement	un	pic	d’énergie.
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39	Je	vais	dormir	généralement	à	…

40	Il	me	faut	…	minutes	pour	m’endormir.

41	Si	j’ai	l’occasion,	je	fais	une	sieste.

Propositions	de	réponse:	Choisissez	une	seule	réponse

Non,	je	ne	me	sentirais	pas	bien	après

Oui,	je	dors	pendant	...

42	Combien	de	temps	par	jour	restez-vous	dehors	exposé	à	la	lumière	naturelle	en	général	?

Pendant	les	weekends,	

43	J’aimerais	dormir	jusque	…
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44	Je	me	lève	généralement	à	…

45	Si	je	me	réveille	à	l’heure	de	mon	alarme	de	la	semaine,	j’essaie	de	me	rendormir.

Propositions	de	réponse:	Choisissez	une	seule	réponse

Non

Oui	pour	encore	...

46	A	…	je	suis	parfaitement	réveillé.

47	A	…	j’ai	un	pic	d’énergie

48	Je	vais	au	lit	généralement	à	…
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49	Il	me	faut	…	minutes	pour	m’endormir.

50	Si	j’ai	l’occasion,	je	fais	une	sieste.

Propositions	de	réponse:	Choisissez	une	seule	réponse

Non,	je	ne	me	sentirais	pas	bien	après.

Oui,	je	dors	pendant	...

51	Combien	de	temps	par	jour	restez-vous	dehors	exposé	à	la	lumière	naturelle	?

En	général,

52	J’aime	dormir	dans	une	chambre	entièrement	noire.

Propositions	de	réponse:	Choisissez	une	seule	réponse

Oui Non

53	Je	me	réveille	plus	facilement	quand	la	lumière	du	soleil	rentre	dans	ma	chambre.

Propositions	de	réponse:	Choisissez	une	seule	réponse

Oui Non

54	Comment	caractérisez-vous	votre	type	de	personne	?

Propositions	de	réponse:	Si	par	exemple,	vous	aimez	(et	réussissez)	à	dormir	un	peu	plus	longtemps	les	jours	libres	que	les	jours	ouvrables,	ou	si	vous	ne	pouvez

pas	vous	lever	le	lundi	matin,	même	sans	soirée	le	dimanche	soir,	alors	vous	êtes	plutôt	du	soir.	Si,	toutefois,	vous	vous	réveillez	régulièrement	et	que	vous	vous

sentez	guilleret	une	fois	que	vous	sautez	du	lit,	et	si	vous	préférez	vous	coucher	tôt	plutôt	qu'à	un	concert	du	soir,	vous	êtes	du	matin.
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-3 -2 -1 0 1 2 3

Tout	à	fait	du	matin Tout	à	fait	du	soir

55	Si	vous	avez	des	commentaires	additionnels	à	faire,	veuillez	remplir	le	cadre	ci-dessous.

Merci	pour	votre	participation	!



A.2.   Chronotype
N

am
e

St
at

em
en

t
Fo

rm
at

W
or

kd
ay

s
W

or
k-

fr
ee

 d
ay

s
W

or
kd

ay
s

W
or

k-
fr

ee
 d

ay
s

W
or

kd
ay

s
W

or
k-

fr
ee

 d
ay

s
W

or
kd

ay
s

W
or

k-
fr

ee
 d

ay
s

 
Lo

ca
l t

im
e 

of
go

in
g 

to
 b

ed
 

I g
o 

to
 b

ed
 a

t …
o’

cl
oc

k’
.

hh
:m

m
BT

23
:0

0
23

:5
9

23
:0

0
23

:0
0

23
:3

0
23

:5
9

23
:0

0
23

:5
9

 
 

Lo
ca

l t
im

e 
of

pr
ep

ar
in

g 
to

sl
ee

p
 

 
 

I a
ct

ua
lly

 g
et

re
ad

y 
to

 fa
lla

sl
ee

p 
at

 …
o’

cl
oc

k.
hh

:m
m

Sp
re

p
23

:3
0

23
:5

9
23

:0
0

23
:0

0
23

:3
0

23
:5

9
23

:0
0

23
:5

9
Sl

ee
p 

la
te

nc
y

 
I n

ee
d 

...
 m

in
ut

es
to

 fa
ll 

as
le

ep
.

m
m

Sl
at

00
:3

0
00

:3
0

00
:3

0
00

:3
0

00
:1

0
00

:1
0

00
:3

0
00

:3
0

Sl
ee

p 
en

d
 

I w
ak

e 
up

 a
t …

o’
cl

oc
k.

hh
:m

m
SE

06
:3

0
09

:0
0

09
:0

0
10

:0
0

06
:0

0
08

:3
0

07
:3

0
08

:3
0

Al
ar

m
 c

lo
ck

 u
se

 
 

w
ith

 a
n 

al
ar

m
cl

oc
k/

w
ith

ou
t a

na
la

rm
 c

lo
ck

y/
n

Al
ar

m
n

n
y

n
y

y
y

n
Sl

ee
p 

in
er

tia
 

Af
te

r .
.. 

m
in

ut
es

,I 
ge

t u
p.

m
m

SI
 

00
:0

5
00

:3
0

00
:3

0
00

:0
5

00
:0

1
00

:0
1

00
:1

0
01

:3
0

 
 

N
um

be
r o

fw
or

k-
/w

or
k-

fr
ee

da
ys

 p
er

 w
ee

k
 

 
 

I h
av

e 
a 

re
gu

la
rw

or
k 

sc
he

du
le

an
d 

w
or

k 
…

 d
ay

sp
er

 w
ee

k.
n

W
D/

FD
5

2
5

2
5

2
5

2
Li

gh
t e

xp
os

ur
e

 
 

 
 

 
 

O
n 

av
er

ag
e,

 Is
pe

nd
 th

ef
ol

lo
w

in
g 

am
ou

nt
of

 ti
m

e 
ou

td
oo

rs
in

 d
ay

lig
ht

(w
ith

ou
t a

 ro
of

ab
ov

e 
m

y 
he

ad
)

hh
:m

m
LE

01
:3

0
00

:3
0

00
:4

0
01

:0
0

01
:3

0
04

:0
0

03
:0

0
05

:0
0

Co
m

pu
te

d 
va

ria
bl

es
Sl

ee
p 

on
se

t
SP

re
p 

+ 
Sl

at
hh

:m
m

SO
00

:0
0

00
:2

9
23

:3
0

23
:3

0
23

:4
0

00
:0

9
23

:3
0

00
:2

9
 

 
Lo

ca
l t

im
e 

of
ge

tti
ng

 o
ut

 o
fb

ed
SE

 +
 S

I
hh

:m
m

G
U

06
:3

5
09

:3
0

09
:3

0
10

:0
5

06
:0

1
08

:3
1

07
:4

0
10

:0
0

Sl
ee

p 
du

ra
tio

n
SE

 - 
SO

hh
:m

m
SD

06
:3

0
08

:3
1

09
:3

0
10

:3
0

06
:2

0
08

:2
1

08
:0

0
08

:0
1

 
To

ta
l t

im
e 

in
be

d
G

U 
- B

T
hh

:m
m

TB
T

07
:3

5
09

:3
1

10
:3

0
11

:0
5

06
:3

1
08

:3
2

08
:4

0
10

:0
1

M
id

-S
le

ep
SO

 +
 S

D/
2

hh
:m

m
M

S
03

:1
5

04
:4

4
04

:1
5

04
:4

5
02

:5
0

04
:1

9
03

:3
0

04
:2

9
Av

er
ag

e 
w

ee
kl

y 
sl

ee
p 

du
ra

tio
n

(S
Dw

 x
 W

D 
 +

 S
Df

 x
 F

D)
 x

 7
hh

:m
m

Sd
w

ee
k

Ch
ro

no
ty

pe
hh

:m
m

M
SF

sc
W

ee
kl

y 
sl

ee
p 

lo
ss

hh
:m

m
Sl

os
sw

ee
k

Re
la

tiv
e 

so
ci

al
 je

tla
g

M
SF

 - 
M

SW
hh

:m
m

SJ
Lr

ef
Ab

so
lu

te
 s

oc
ia

l j
et

la
g

| M
SF

 - 
M

SW
 |

hh
:m

m
SJ

L
Av

er
ag

e 
w

ee
kl

y 
lig

ht
 e

xp
os

ur
e

(L
Ew

 x
 W

D 
+ 

LE
f x

 F
D)

/7
hh

:m
m

LE
W

ee
k

si
es

te
 o

ui

Et
ud

ia
nt

 1
Et

ud
ia

nt
 2

Et
ud

ia
nt

 3
Et

ud
ia

nt
 4

01
:2

9
01

:1
2

09
:4

7
06

:5
4

08
:0

0
07

:0
4

03
:4

3
02

:5
0

01
:2

9

04
:1

5
04

:2
8

00
:3

0
01

:2
9

00
:5

9
01

:2
5

02
:5

0
00

:0
0

00
:4

5
02

:1
2

03
:3

4
00

:3
0

01
:2

9
00

:5
9

M
al

e
M

al
e

Fe
m

al
e

Fe
m

al
e

3.
71

66
66

66
7

4.
25

4.
46

66
66

66
7

W
or

kd
ay

s
W

or
k-

fr
ee

 d
ay

s
W

or
kd

ay
s

W
or

k-
fr

ee
 d

ay
s

W
or

kd
ay

s
W

or
k-

fr
ee

 d
ay

s
W

or
kd

ay
s

W
or

k-
fr

ee
 d

ay
s

W
or

kd
ay

s
W

or
k-

fr
ee

 d
ay

s
W

or
kd

ay
s

W
or

k-
fr

ee
 d

ay
s

W
or

kd
ay

s
W

or
k-

fr
ee

 d
ay

s
W

or
kd

ay
s

W
or

k-
fr

ee
 d

ay
s

W
or

kd
ay

s
W

or
k-

fr
ee

 d
ay

s
W

or
kd

ay
s

W
or

k-
fr

ee
 d

ay
s

W
or

kd
ay

s
23

:0
0

23
:0

0
23

:3
0

23
:3

0
23

:3
0

23
:3

0
23

:0
0

01
:0

0
00

:3
0

23
:0

0
22

:0
0

22
:3

0
01

:3
0

23
:3

0
23

:3
0

01
:0

0
23

:0
0

23
:3

0
00

:3
0

01
:0

0
23

:3
0

23
:0

0
23

:0
0

23
:3

0
23

:3
0

23
:3

0
23

:3
0

23
:0

0
01

:0
0

00
:3

0
23

:0
0

22
:0

0
22

:3
0

01
:3

0
23

:3
0

23
:3

0
01

:0
0

23
:0

0
23

:3
0

00
:3

0
01

:0
0

23
:3

0
00

:1
0

00
:1

0
00

:1
5

00
:1

5
00

:4
5

00
:4

5
00

:2
0

00
:3

0
00

:3
0

01
:0

0
00

:0
5

00
:1

0
00

:0
1

00
:0

1
00

:0
2

00
:0

2
00

:2
0

00
:2

0
00

:2
0

01
:0

0
01

:0
0

06
:0

0
08

:3
0

07
:3

0
08

:0
0

08
:4

5
09

:3
0

07
:3

0
08

:0
0

08
:3

0
08

:3
0

07
:3

5
09

:0
0

09
:3

0
10

:0
0

08
:0

0
09

:3
0

08
:3

0
09

:3
0

08
:0

0
10

:3
0

07
:3

0
n

n
y

n
y

n
n

n
y

n
y

n
n

n
n

n
n

y
y

n
n

00
:1

5
00

:3
0

00
:1

5
01

:0
0

00
:1

0
01

:3
0

00
:1

0
00

:3
0

01
:0

0
00

:3
0

00
:0

5
02

:0
0

00
:0

1
00

:3
0

00
:3

0
02

:0
0

00
:0

5
00

:1
5

00
:1

0
04

:3
0

00
:0

0
5

2
5

2
5

2
5

2
5

2
5

2
5

2
5

2
5

2
5

2
5

02
:3

0
05

:3
0

03
:0

0
03

:0
0

01
:3

0
04

:0
0

01
:0

0
01

:0
0

00
:3

0
03

:0
0

02
:3

0
06

:0
0

00
:2

0
00

:2
0

01
:3

0
03

:3
0

01
:0

0
01

:0
0

02
:0

0
04

:0
0

02
:0

0

23
:1

0
23

:1
0

23
:4

5
23

:4
5

00
:1

5
00

:1
5

23
:2

0
01

:3
0

01
:0

0
00

:0
0

22
:0

5
22

:4
0

01
:3

1
23

:3
1

23
:3

2
01

:0
2

23
:2

0
23

:5
0

00
:5

0
02

:0
0

00
:3

0
06

:1
5

09
:0

0
07

:4
5

09
:0

0
08

:5
5

11
:0

0
07

:4
0

08
:3

0
09

:3
0

09
:0

0
07

:4
0

11
:0

0
09

:3
1

10
:3

0
08

:3
0

11
:3

0
08

:3
5

09
:4

5
08

:1
0

15
:0

0
07

:3
0

06
:5

0
09

:2
0

07
:4

5
08

:1
5

08
:3

0
09

:1
5

08
:1

0
06

:3
0

07
:3

0
08

:3
0

09
:3

0
10

:2
0

07
:5

9
10

:2
9

08
:2

8
08

:2
8

09
:1

0
09

:4
0

07
:1

0
08

:3
0

07
:0

0
07

:1
5

10
:0

0
08

:1
5

09
:3

0
09

:2
5

11
:3

0
08

:4
0

07
:3

0
09

:0
0

10
:0

0
09

:4
0

12
:3

0
08

:0
1

11
:0

0
09

:0
0

10
:3

0
09

:3
5

10
:1

5
07

:4
0

14
:0

0
08

:0
0

02
:3

5
03

:5
0

03
:3

7
03

:5
2

04
:3

0
04

:5
2

03
:2

5
04

:4
5

04
:4

5
04

:1
5

02
:5

0
03

:5
0

05
:3

0
04

:4
5

03
:4

6
05

:1
6

03
:5

5
04

:4
0

04
:2

5
06

:1
5

04
:0

0

si
es

te
 o

ui
si

es
te

 o
ui

si
es

te
 o

ui
 2

0 
m

in
Si

es
te

 o
ui

 3
0m

in
si

es
te

 o
ui

 2
0 

m
in

 o
u 

2h
si

es
te

 o
ui

 3
0 

m
in

 à
 2

h
si

es
te

 o
ui

 3
0 

m
in

Et
ud

ia
nt

 9
Et

ud
ia

nt
 1

0
Et

ud
ia

nt
 1

1
Et

ud
ia

nt
 1

2
Et

ud
ia

nt
 5

Et
ud

ia
nt

 6

07
:3

2
07

:5
3

08
:4

2
07

:4
1

07
:4

7

Et
ud

ia
nt

 1
3

Et
ud

ia
nt

 1
4

Et
ud

ia
nt

 1
5

Et
ud

ia
nt

 7
Et

ud
ia

nt
 8

02
:3

5
03

:3
7

09
:4

4
08

:4
1

08
:2

8
09

:1
8

07
:3

2
05

:3
5

04
:0

0
04

:2
9

04
:4

5
03

:4
5

03
:2

5
03

:3
0

05
:1

6
01

:5
0

01
:1

5
00

:1
5

01
:1

0
03

:3
0

00
:0

0
00

:4
0

03
:3

0
00

:4
0

01
:0

0
02

:2
2

01
:2

5
00

:4
5

01
:5

0
00

:2
2

01
:2

0
-0

0:
30

01
:0

0
-0

0:
45

01
:3

0

03
:2

1
03

:0
0

01
:0

0
00

:4
5

01
:3

0
00

:4
5

01
:5

0
01

:1
5

00
:1

5
00

:2
2

01
:2

0
00

:3
0

01
:0

0
02

:3
4

02
:1

2
01

:0
0

01
:1

2
03

:3
0

00
:2

0
02

:0
4

M
al

e
M

al
e

Fe
m

al
e

Fe
m

al
e

Fe
m

al
e

M
al

e
X

M
al

e
Fe

m
al

e
Fe

m
al

e

2.
58

33
33

33
3

3.
61

66
66

66
7

4.
48

33
33

33
3

4.
75

3.
75

3.
41

66
66

66
7

3.
5

5.
26

66
66

66
7

5.
58

33
33

33
3



W
or

k-
fr

ee
 d

ay
s

W
or

kd
ay

s
W

or
k-

fr
ee

 d
ay

s
W

or
kd

ay
s

W
or

k-
fr

ee
 d

ay
s

W
or

kd
ay

s
W

or
k-

fr
ee

 d
ay

s
W

or
kd

ay
s

W
or

k-
fr

ee
 d

ay
s

W
or

kd
ay

s
W

or
k-

fr
ee

 d
ay

s
W

or
kd

ay
s

W
or

k-
fr

ee
 d

ay
s

W
or

kd
ay

s
W

or
k-

fr
ee

 d
ay

s
W

or
kd

ay
s

W
or

k-
fr

ee
 d

ay
s

W
or

kd
ay

s
W

or
k-

fr
ee

 d
ay

s
W

or
kd

ay
s

W
or

k-
fr

ee
 d

ay
s

23
:3

0
01

:0
0

01
:0

0
02

:3
0

01
:3

0
00

:0
0

01
:0

0
00

:0
0

00
:0

0
00

:0
0

02
:0

0
00

:0
0

23
:0

0
00

:3
0

00
:3

0
22

:0
0

22
:0

0
01

:0
0

01
:0

0
00

:0
0

22
:0

0
23

:3
0

01
:0

0
01

:0
0

02
:3

0
01

:3
0

00
:0

0
01

:0
0

00
:0

0
00

:0
0

00
:0

0
02

:0
0

00
:0

0
23

:0
0

00
:3

0
00

:3
0

22
:0

0
22

:0
0

01
:0

0
01

:0
0

00
:0

0
22

:0
0

01
:0

0
00

:1
5

00
:1

5
00

:0
5

00
:0

5
00

:2
0

00
:1

0
00

:1
0

00
:1

5
00

:3
0

00
:0

5
00

:3
0

00
:3

0
00

:1
0

00
:1

0
00

:3
0

00
:3

0
02

:0
0

02
:0

0
00

:1
0

00
:4

5
09

:3
0

10
:3

0
12

:0
0

07
:4

0
09

:0
0

08
:0

0
10

:0
0

08
:0

0
09

:0
0

07
:0

0
09

:0
0

09
:0

0
10

:0
0

08
:3

0
09

:0
0

07
:0

0
07

:0
0

07
:0

0
09

:0
0

07
:3

0
10

:0
0

n
y

n
n

n
n

n
y

n
y

n
y

n
y

n
n

n
y

n
n

n
00

:0
0

00
:2

0
00

:0
0

00
:1

0
00

:0
0

00
:1

5
00

:0
0

00
:3

0
00

:0
0

00
:1

5
01

:0
0

00
:3

0
01

:0
0

00
:0

5
02

:0
0

00
:1

5
02

:0
0

00
:3

0
00

:3
0

00
:3

0
00

:0
0

2
5

2
5

2
5

2
5

2
5

2
5

2
5

2
5

2
5

2
5

2
02

:0
0

01
:0

0
01

:0
0

02
:0

0
04

:0
0

00
:3

0
00

:3
0

07
:0

0
07

:0
0

01
:0

0
02

:0
0

02
:0

0
04

:0
0

01
:0

0
03

:0
0

01
:0

0
02

:0
0

00
:4

5
06

:0
0

02
:0

0
03

:0
0

00
:3

0
01

:1
5

01
:1

5
02

:3
5

01
:3

5
00

:2
0

01
:1

0
00

:1
0

00
:1

5
00

:3
0

02
:0

5
00

:3
0

23
:3

0
00

:4
0

00
:4

0
22

:3
0

22
:3

0
03

:0
0

03
:0

0
00

:1
0

22
:4

5
09

:3
0

10
:5

0
12

:0
0

07
:5

0
09

:0
0

08
:1

5
10

:0
0

08
:3

0
09

:0
0

07
:1

5
10

:0
0

09
:3

0
11

:0
0

08
:3

5
11

:0
0

07
:1

5
09

:0
0

07
:3

0
09

:3
0

08
:0

0
10

:0
0

09
:0

0
09

:1
5

10
:4

5
05

:0
5

07
:2

5
07

:4
0

08
:5

0
07

:5
0

08
:4

5
06

:3
0

06
:5

5
08

:3
0

10
:3

0
07

:5
0

08
:2

0
08

:3
0

08
:3

0
04

:0
0

06
:0

0
07

:2
0

11
:1

5
10

:0
0

09
:5

0
11

:0
0

05
:2

0
07

:3
0

08
:1

5
09

:0
0

08
:3

0
09

:0
0

07
:1

5
08

:0
0

09
:3

0
12

:0
0

08
:0

5
10

:3
0

09
:1

5
11

:0
0

06
:3

0
08

:3
0

08
:0

0
12

:0
0

05
:0

0
05

:5
2

06
:3

7
05

:0
7

05
:1

7
04

:1
0

05
:3

5
04

:0
5

04
:3

7
03

:4
5

05
:3

2
04

:4
5

04
:4

5
04

:3
5

04
:5

0
02

:4
5

02
:4

5
05

:0
0

06
:0

0
03

:5
0

04
:2

2

si
es

te
 o

ui
 3

0m
in

 m
ai

s 
pa

s 
le

 w
ee

ke
nd

si
es

te
 o

ui
 3

0 
m

in
si

es
te

 o
ui

 2
0 

à 
40

m
in

si
es

te
 o

ui
 1

h
si

es
te

 o
ui

 3
0m

in
si

es
te

 o
ui

 2
0m

in

Et
ud

ia
nt

 1
9

Et
ud

ia
nt

 2
0

Et
ud

ia
nt

 1
5

Et
ud

ia
nt

 1
6

Et
ud

ia
nt

 1
7

Et
ud

ia
nt

 1
8

09
:4

0
05

:4
5

08
:0

0
08

:0
5

06
:3

7
07

:3
4

04
:0

0
05

:5
2

04
:0

7
05

:0
0

02
:0

5
03

:2
0

01
:4

0
01

:1
5

00
:3

5
02

:5
0

01
:0

0
00

:4
5

00
:1

0
01

:2
5

00
:4

5
00

:1
0

01
:2

5
00

:3
2

01
:4

7
01

:0
0

02
:0

0
01

:0
0

02
:3

4
00

:3
0

07
:0

0
01

:1
7

Et
ud

ia
nt

 2
1

Et
ud

ia
nt

 2
2

Et
ud

ia
nt

 2
3

Et
ud

ia
nt

 2
4

00
:0

0
00

:1
5

00
:0

0
01

:0
0

00
:3

2
01

:4
7

04
:0

9
05

:1
9

09
:0

4
07

:5
8

08
:3

0
04

:3
4

Fe
m

al
e

X
Fe

m
al

e
Fe

m
al

e
Fe

m
al

e
M

al
e

Et
ud

ia
nt

 2
5

03
:4

5
04

:3
5

02
:4

5
05

:0
0

02
:2

4
02

:5
0

00
:4

0
00

:0
0

02
:5

0
05

:3
5

00
:3

2
00

:0
0

00
:1

5
00

:0
0

01
:0

0
00

:3
2

02
:3

4
01

:3
4

01
:1

7
02

:1
5

02
:1

7

08
:2

7

X
M

al
e

M
al

e
Fe

m
al

e
M

al
e

4
5.

86
66

66
66

7
4.

11
66

66
66

7
5

4.
15

5.
31

66
66

66
7

3.
75

4.
58

33
33

33
3

2.
75

5
2.

4

W
or

kd
ay

s
W

or
k-

fr
ee

 d
ay

s
W

or
kd

ay
s

W
or

k-
fr

ee
 d

ay
s

W
or

kd
ay

s
W

or
k-

fr
ee

 d
ay

s
W

or
kd

ay
s

W
or

k-
fr

ee
 d

ay
s

W
or

kd
ay

s
W

or
k-

fr
ee

 d
ay

s
W

or
kd

ay
s

W
or

k-
fr

ee
 d

ay
s

W
or

kd
ay

s
W

or
k-

fr
ee

 d
ay

s
W

or
kd

ay
s

W
or

k-
fr

ee
 d

ay
s

W
or

kd
ay

s
W

or
k-

fr
ee

 d
ay

s
W

or
kd

ay
s

W
or

k-
fr

ee
 d

ay
s

W
or

kd
ay

s
W

or
k-

fr
ee

 d
ay

s
00

:0
0

00
:0

0
23

:1
5

23
:1

5
02

:0
0

01
:0

0
22

:3
0

23
:0

0
23

:3
0

22
:3

0
23

:0
0

00
:0

0
23

:3
0

23
:3

0
23

:0
0

00
:0

0
00

:0
0

23
:0

0
23

:0
0

23
:0

0
23

:0
0

00
:0

0
00

:0
0

00
:0

0
23

:1
5

23
:1

5
02

:0
0

01
:0

0
22

:3
0

23
:0

0
23

:3
0

22
:3

0
23

:0
0

00
:0

0
23

:3
0

23
:3

0
23

:0
0

00
:0

0
00

:0
0

23
:0

0
23

:0
0

23
:0

0
23

:0
0

00
:0

0
00

:3
0

00
:1

0
00

:1
5

00
:1

5
00

:2
0

00
:1

0
00

:0
3

00
:0

3
00

:0
5

03
:0

0
00

:2
5

00
:2

0
00

:0
5

00
:0

5
00

:0
5

00
:0

5
00

:1
0

01
:0

0
00

:1
5

00
:1

5
00

:2
0

00
:2

0
07

:0
0

08
:3

0
07

:3
0

08
:3

0
10

:0
0

09
:0

0
08

:0
0

10
:0

0
09

:0
0

09
:3

0
07

:5
0

09
:3

0
08

:0
0

10
:3

0
08

:3
0

11
:0

0
07

:3
0

08
:0

0
08

:0
0

09
:0

0
09

:0
0

09
:0

0
n

n
y

n
y

n
y

n
n

n
y

n
y

n
y

n
y

y
y

n
y

n
00

:1
0

02
:0

0
00

:4
5

00
:0

5
00

:4
0

02
:0

0
00

:1
0

02
:0

0
00

:3
0

01
:3

0
00

:1
5

00
:3

0
00

:3
0

00
:3

0
00

:1
5

00
:0

0
00

:0
5

01
:0

0
00

:1
5

01
:0

0
00

:1
0

01
:0

0
5

2
5

2
5

2
5

2
5

2
5

2
5

2
5

2
5

2
5

2
5

2
02

:0
0

05
:0

0
01

:1
5

01
:1

5
02

:0
0

04
:0

0
01

:3
0

01
:0

0
00

:3
0

01
:0

0
02

:0
0

02
:3

0
01

:0
0

02
:3

0
01

:0
0

04
:0

0
01

:0
0

05
:0

0
01

:0
0

02
:0

0
00

:3
0

00
:2

5

00
:3

0
00

:1
0

23
:3

0
23

:3
0

02
:2

0
01

:1
0

22
:3

3
23

:0
3

23
:3

5
01

:3
0

23
:2

5
00

:2
0

23
:3

5
23

:3
5

23
:0

5
00

:0
5

00
:1

0
00

:0
0

23
:1

5
23

:1
5

23
:2

0
00

:2
0

07
:1

0
10

:3
0

08
:1

5
08

:3
5

10
:4

0
11

:0
0

08
:1

0
12

:0
0

09
:3

0
11

:0
0

08
:0

5
10

:0
0

08
:3

0
11

:0
0

08
:4

5
11

:0
0

07
:3

5
09

:0
0

08
:1

5
10

:0
0

09
:1

0
10

:0
0

06
:3

0
08

:2
0

08
:0

0
09

:0
0

07
:4

0
07

:5
0

09
:2

7
10

:5
7

09
:2

5
08

:0
0

08
:2

5
09

:1
0

08
:2

5
10

:5
5

09
:2

5
10

:5
5

07
:2

0
08

:0
0

08
:4

5
09

:4
5

09
:4

0
08

:4
0

07
:1

0
10

:3
0

09
:0

0
09

:2
0

08
:4

0
10

:0
0

09
:4

0
13

:0
0

10
:0

0
12

:3
0

09
:0

5
10

:0
0

09
:0

0
11

:3
0

09
:4

5
11

:0
0

07
:3

5
10

:0
0

09
:1

5
11

:0
0

10
:1

0
10

:0
0

03
:4

5
04

:2
0

03
:3

0
04

:0
0

06
:1

0
05

:0
5

03
:1

6
04

:3
1

04
:1

7
05

:3
0

03
:3

7
04

:5
5

03
:4

7
05

:0
2

03
:4

7
05

:3
2

03
:5

0
04

:0
0

03
:3

7
04

:0
7

04
:1

0
04

:4
0

si
es

te
 o

ui
 1

h
si

es
te

 o
ui

 3
0m

in
si

es
te

 o
ui

 2
5 

m
in

 e
t b

ie
n 

pl
us

 lg
t l

e 
w

ee
ke

nd

Et
ud

ia
nt

 3
1

Et
ud

ia
nt

 3
2

Et
ud

ia
nt

 3
3

Et
ud

ia
nt

 3
4

Et
ud

ia
nt

 3
5

Et
ud

ia
nt

 3
6

Et
ud

ia
nt

 2
6

Et
ud

ia
nt

 2
7

Et
ud

ia
nt

 2
8

Et
ud

ia
nt

 2
9

Et
ud

ia
nt

 3
0

04
:3

2
03

:4
7

04
:4

7
03

:2
5

03
:3

0
05

:0
0

02
:3

5
03

:3
7

04
:4

0
03

:4
6

05
:3

0
02

:0
5

00
:5

5
01

:2
5

01
:2

4
01

:2
5

00
:1

0
02

:0
5

02
:0

0
01

:0
0

03
:3

0
01

:1
5

01
:4

5
00

:1
0

00
:3

0
00

:3
0

00
:3

5
00

:3
0

-0
1:

05
01

:1
5

01
:1

3
00

:1
0

00
:3

5
00

:3
0

01
:0

5
01

:1
8

02
:5

1
00

:3
0

00
:3

0
01

:1
5

01
:1

3
01

:1
8

07
:0

1

01
:5

1
02

:0
8

01
:1

7
00

:2
8

01
:1

5
02

:3
4

01
:2

1
00

:3
8

02
:0

8
01

:2
5

01
:1

5
01

:4
5

09
:5

0
07

:3
1

09
:0

2
09

:2
2

08
:1

7
07

:4
2

09
:5

2
09

:0
0

08
:3

7
09

:0
7

Fe
m

al
e

Fe
m

al
e

M
al

e
Fe

m
al

e
Fe

m
al

e
Fe

m
al

e
Fe

m
al

e
Fe

m
al

e
Fe

m
al

e
M

al
e

Fe
m

al
e

4.
78

33
33

33
3

3.
61

66
66

66
7

4.
66

66
66

66
7

3.
41

66
66

66
7

3.
5

5
3.

76
66

66
66

7
5.

5
4.

53
33

33
33

3
3.

78
33

33
33

3



B.     Right-now survey
B.1.   General Questionnaire

Right-Now questionnaire 
 
 
Informations pour les participants et formulaire de consentement 
 
Etude : Besoins des étudiants pour l'éclairage des ateliers d'architecture 
 
Investigateur : Victoria Crevits, étudiante en Master 2 en ingénieur architecte, faculté 
LOCI, Université Catholique de Louvain. 
 
Superviseur : Prof. Sergio Altomonte, Professeur en Physique appliquée au domaine 
de l'Architecture dans la faculté LOCI, Président de ‘Louvain research institute for 
Landscape, Architecture, Built environment (LAB)’, Directeur du groupe de recherche 
‘Architecture et Climat’, Université Catholique de Louvain. 
 
Nature et sujet de l’étude : Cette étude cherche à comprendre les besoins des 
étudiants en lumière artificielle et naturelle dans les ateliers d’architecture. Dans cette 
expérience, le but est de comprendre les besoins des étudiants dans les ateliers 
existants du bâtiment Vinci pour ainsi comprendre comment aider à améliorer la 
lumière dans la nouvelle aile qui va être construite. 
 
Procédure expérimentale : Cette enquête a pour but de récolter des données 
importantes sur les ressentis des étudiants quand ils travaillent dans les ateliers du 
bâtiments Vinci ainsi que de comprendre le confort dont ils ont besoin. 
Pour cette étude : 

- Vous allez devoir répondre à un test préalable pour permettre à l’investigateur 
de comprendre la population qui répond à cette enquête. 

- Vous allez devoir répondre à une série de questions sur vos ressentis de la 
lumière dans les ateliers. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



Cette partie sera complétée par l’investigateur. 
 

1. Nombre du participant : 

2. Date :   

3. Heure :   

4. Conditions du ciel :   

5. Position dans l’atelier :  

 

6. Température :  

7. RH : 

8. Illuminance horizontale (plan de travail) : 

9. Illuminance verticale : 

 

  



Contexte : 

Les questions suivantes visent à comprendre votre état actuel, il est donc important que 
vous y répondiez en considérant votre état à l’instant présent. 

 

1. Quel est votre genre ?        Femme / Homme / Préfère ne pas répondre   

2. Quel est votre âge ? …………………………….. 

3. Quelle est votre année d’étude ? ………………. 

4. Est que vous avez des problèmes au niveau de votre vue ?     Oui / Non  

Si oui,  

- Portez-vous des lunettes ?      Oui / Non  

- Portez-vous des lentilles ?      Oui / Non 

- Avez-vous une vision normale de la couleur ?    Oui / Non 

- Avez-vous d’autres problèmes au niveau de votre vision ?  Oui / Non 

Si oui, donnez une courte description ici 

 

5. Quel est votre état actuel de santé ?  

Malade                                                                                                                       Bien 

○            ○            ○            ○            ○            ○            ○ 
6. Avez-vous passé du temps dehors avant de venir dans les ateliers ?  Oui / Non  

Si oui, combien de temps ?  

 

7. Avez-vous consommé une de ces choses dans les dernières 15 min ?  

- Boisson chaude   

- Boisson avec de la caféine   

- Snack ou repas   

- Boisson froide   

- Cigarette 

 

8. Vous sentez-vous fatigué ? 

Pas du tout                                                                                                                    Fortement 

○            ○            ○            ○            ○            ○            ○ 



Lumière dans les ateliers : 

Les questions suivantes visent à comprendre vos ressentis de la lumière dans les ateliers 
à l’instant présent à l’endroit où vous êtes installé maintenant. 

 

1. Est-ce que vous pensez que la distribution horizontale de la lumière (naturelle et 

artificielle) est adéquate où vous êtes ?  

Pas du tout                                                                                                               Fortement 

○            ○            ○            ○            ○            ○            ○ 

 
2. Est-ce que vous pensez que la distribution verticale de la lumière (naturelle et 

artificielle) est adéquate où vous êtes ?  

Pas du tout                                                                                                               Fortement 

○            ○            ○            ○            ○            ○            ○ 

 

3. Pensez-vous que la lumière améliore ou gêne vos performances de travail ? 

Améliore                                                                                                                       Gêne 

○            ○            ○            ○            ○            ○            ○ 

 

4. Comment jugez-vous la couleur de la lumière (naturelle et artificielle) ?  

Froide (bleue)                                                                                                      Chaude (rouge) 

○            ○            ○            ○            ○            ○            ○ 

 

5. La lumière vous offre-t-elle un rendu des couleurs adéquat (c.a.d. vous pouvez 

bien apprécier les couleurs de vos dessins ou de l’écran de l’ordinateur) ? 

Mauvais (pas fiable)                                                                                           Bon (très fiable) 

○            ○            ○            ○            ○            ○            ○ 

 

 



 
6. Veuillez donner une évaluation de votre sensation d’éblouissement actuel 

 
 
 Imperceptible Perceptible  Dérangeant  Intolérable 
 
 

7. Si vous sentez la présence d’éblouissement (c.a.d. luminosité excessive) 

maintenant, quelle est la source principale ?  

 Une fenêtre 

 Une réflexion sur l’écran  

 Une réflexion d’une surface intérieure 

 Une réflexion d’une surface extérieure  

 Les luminaires 

 Autre : …….. 

 Il n’y a pas d’éblouissement 

 
 
Préférences lumineuses : 
 
Les questions suivantes visent à comprendre vos préférences lumineuses.  
 

1. Utilisez-vous souvent les stores ?   Oui / Non 

 

2. Travaillez-vous de préférence avec de la lumière naturelle ou artificielle ? 

- Naturelle 

- Artificielle 

- Mélange des deux 

 

3. Dans votre espace de travail habituel, avez-vous un accès direct à une vue vers 

l’extérieur ?      Oui / Non 

 

4. Est-il important pour vous d’y avoir accès ? 

Pas du tout                                                                                                              Fortement 

○            ○            ○            ○            ○            ○            ○ 

 



 

5. Vous considérez-vous comme sensible à la lumière artificielle ? 

Pas du tout                                                                                                              Fortement 

○            ○            ○            ○            ○            ○            ○ 

 

6. Vous considérez-vous comme sensible à la lumière naturelle ? 

Pas du tout                                                                                                               Fortement 

○            ○            ○            ○            ○            ○            ○ 

 

7. Si vous aviez la chance de concevoir l’éclairage de votre espace de travail dans 

les ateliers, quelles seraient vos priorités à l’instant présent (vous pouvez lister 1, 

2, 3, etc. par ordre d’importance) ? 

 

 

Merci pour votre participation !  
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C.2.   Studio 2
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C.3.   Studio 3
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D.   Lighting simulations 
D.1.   OWL 1: General 









D.2.   OWL 1: Participant 1

D.3.   OWL 1: Participant 3



D.4.   OWL 1: Participant 4

D.5.   OWL 1: Participant 5



D.6.     OWL 2 
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