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ABSTRACT 
The building industry has during the last decades turned its focus towards a more sustainable future, 
thus increasing the requirements for the performance of building components including solar shading 
systems. The main objective of solar shading systems today is to control excess solar heating gains and 
prevent glare, thus ensuring the thermal and visual comfort in buildings. However, limited qualitative 
measures exists which makes it possible to rate their visual efficiency and performance. A measure for 
rating the quality of the view out and an assessment method for more complex view out situations 
including solar shading systems are thus proven critical.  

The main goal of this thesis is to advance the knowledge within the aspect of view out in context with 
solar shading. This is investigated through the main research question of this thesis, which is as follows:  

“Is the view out quality influenced by the use of solar shading systems of different characteristics, and 
can photometric parameters be used as indicators?”  

View out quality is as a measure for how a view out, with or without solar shading, is perceived. To 
explore this, a user-assessment experiment was conducted.  It was designed as a field study in office-
like environments, during which the subjective responses from 64 subjects were recorded for different 
view conditions. A view condition was composed of a combination of a selected view out and a solar 
shading condition. 5 different views out and 6 different solar shading systems were tested. 
Furthermore, several photometric parameters were measured for a 180° field of view with a photo-
meter for all view conditions quantified by the Evalglare metric [1] as well as the RAMMG algorithm by 
Rizzi et al. [2].  

To determine the relation between subjective responses and view conditions, three hypotheses were 
established, each revolving around an individual aspect of the research question. The plausibility of the 
hypothesis was tested through the development of linear mixed effects models and analysis of variance 
(ANOVA). The outcome of the tests was used to establish what parameters have a statistically significant 
effect on general perception of view out, both with and without solar shading.  

It was discovered that view quality rating (VQR) determined by the D&V method by Hellinga and Hordijk 
[3] is an appropriate measure for view out quality, when solar shading is excluded, and that people 
prefer a high view quality rating. Furthermore, the findings show that solar shading types and solar 
shading characteristics have a statistically significant impact on the view out quality. Additionally, local 
achromatic contrast can be used as an indicator for view out quality regarding solar shading types and 
characteristics.  

The most preferred solar shading type has been determined to be with big horizontal slats, while the 
least preferred solar shading type is with small vertical slats. This is coherent with the most preferred 
characteristics, which are few interruptions, a horizontal slat direction and a slat angle of 0°.  

Thus, to answer the research question, solar shading characteristics do influence the view out quality 
and photometric parameters such as local achromatic contrast can be used as indicators.  
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1 INTRODUCTION 
In the last decades energy considerations of building envelopes and windows have been a well-
researched area due to a growth in the sustainable focus and demands. Additionally, the threshold for 
satisfying daylight levels have heightened causing an increase in demand for larger window areas. This 
have led to more frequent use of solar shading systems, to control excess solar gains to ensure thermal 
and visual comfort in buildings.  

Immense research has been conducted within the topic of energy efficiency, thermal comfort, and the 
performance of solar shadings systems, resulting various in quantitative parameters used to directly 
measure the performance of different solar shading systems. Meanwhile, qualitative measures for 
rating their visual efficiency and performance are limited.  

The lack of a tangible visual quality measures for such devices is sensitized by the newly approved 
standard DS/EN 17037:2018 Daylight in buildings [4] under the CEN/TC 169 “Light and Lighting” scope. 
The new standard poses strict requirements for the content and access of view out through the 
windows as well as to glare risks, to ensure the quality of the visual part of the indoor environment. Yet 
the standard only offers simple and unprecise methods assessments of the view out. A measure for 
rating the quality of the view out and an assessment method for more complex view out situations 
including solar shading systems are thus proven critical.  

Thus, the main goal of this thesis is to advance the knowledge within the aspect of view out in context 
with solar shading. This is further specified in the main research question of this thesis, which is as 
follows:  

“Is the view out quality influenced by the use of solar shading systems of different characteristics, and 
can photometric parameters be used as indicators?”  

View out quality is defined as a measure for how a view out, with or without solar shading, is perceived. 
To investigate this, a user-assessment experiment is conducted as a field study in semi-controlled 
environments. The setting of the experiments is cellular offices/small landscape offices with work areas 
placed in the proximity of a large window. 64 subjects have participated in the experiment, where they 
have been asked to submit subjective view assessments for different view conditions. A view condition 
is composed of a combination of a selected view out and a solar shading condition. During the 
experiment, several photometric parameters have been measured for a 180° field of view with a 
photometer for all view conditions and quantified by the Evalglare metric [1].  

The aim of the experiment is to be able to determine the relation between subjective responses and 
view conditions by processing the data collected from it. Three hypotheses are established, each 
revolving around an individual aspect of the research question. The first hypothesis revolves around 
view out quality and aims at defining influencing parameters for this concept. The second hypothesis is 
established to investigate the effect of different solar shading types, while the third is looking into the 
effect of various solar shading characteristics. Through all three hypotheses, the effect of different 
photometric measures is explored.  
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The plausibility of the hypothesis is tested through the development of linear mixed effects models and 
analyses of variance (ANOVA). The outcome of the tests, beside acceptance or rejection of the 
hypotheses, is to establish which parameters have a statistically significant effect on general perception 
of view out, both with and without solar shading.  

This thesis follows in line with previous projects of VR experiments, to ultimately allow for a more 
conscious and fast decision-making regarding selection of solar shading systems. The novelty of this 
research, beside the topic itself, lies in the research approach where photometric measurements as 
well as human subjective assessments are done. It will, together with previous and future research, 
create the basis for the development of an index for appropriate selection of solar shading systems 
based on visual quality performance.  
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2 BACKGROUND 
The majority of the population of the earth lives and work in different kinds of buildings, which signifies 
the essential influence the indoor environment has on people. It has been proven several times that 
the indoor environment has a large impact on not only people’s wellbeing but also on their health. 

Fundamentally, the indoor environment can be divided into four main categories: The thermal, 
atmospheric, visual, and acoustic indoor environment – see Figure 1. Each category covers various 
subcategories. If the quality of one or more of these subcategories are not high enough, occupants can 
experience symptoms such as irritated eyes, cough, headache, fatigue, allergy etc. In more extreme 
cases also asthma, cancer, and cardiovascular diseases because of high stress levels can occur due to 
long-term exposure to poor indoor environment. Hence showing the importance of securing a certain 
quality of the indoor environment in buildings. 

 

Figure 1: Indoor environment and its subcategories 

For many years, research has focused on the consequences of having a poor thermal and atmospheric 
indoor environment, which have resulted in a high level of knowledge within these categories – also 
when it comes to methods of how to secure an adequate quality of these categories.  

In recent years though, some researchers have turned their focus to the visual indoor environment, 
especially the benefits of daylight, in terms of both energy savings and the psychological it has effect 
on people. Thus, several methods have been developed to evaluate the daylight characteristics of an 
indoor environment, such as the static Daylight Factor and the dynamic Daylight Autonomy. 
Furthermore, specific requirements and recommendations have been established - both nationally and 
internationally.  

Nonetheless, there are still very few requirements for other aspects of the visual indoor environment, 
and the few existing requirements are in general somewhat superficial. However, these aspects are 
recently receiving increased attention from several researchers, especially the parameters “glare” and 
“view out”. With the increased attention follows a better understanding of the parameters and an 
improved basis for future regulation. Generally, a movement towards stricter requirements for visual 
indoor environment has been observed with the introduction of the New Voluntary Sustainability Class 
within the Danish Building Regulation BR18 [3].  
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Often visual comfort in regards to view out is compromised due to the approaches and methods used 
for securing the thermal and atmospheric indoor environment, even though recent research has shown 
that people would rather accept a certain level of discomfort than having their view out limited. For 
example, has research done by N. Tuaycharoen and P. Tregenza detected that glare is less annoying if 
the view is interesting: “We found that a bright window with an interesting view is associated with less 
glare discomfort than a similar window of the same mean luminance but with a view of less interest. It 
is a major effect: a good view tends to reduce the daylight glare index by several points” [2]. 

To further outline what is known about the visual indoor environment today and to understand the 
effect daylight and especially view out has on people, this background section of the thesis is 
introduced. It dives into the present regulation within view out, what light and daylight is, how it is 
quantified and how humans perceive it. This is followed by a state-of-the-art analysis of view out, solar 
shading systems, and a sum up of some of the most recent research, which includes VR studies on the 
subject. 

2.1 PRESENT REGULATION  

In Denmark the basis of all building requirements is the Danish Building regulation BR18 [3]. §377-384 
of BR18 deals with Light and view of the surroundings, with §377 stating that “Sufficient daylight and 
view of the surroundings must be ensured as well as sufficient electric lighting with due consideration of 
the use [of the building]”[3]. However, there is mainly a focus on daylight and artificial lighting and no 
clear requirements for view out.  

§378 revolves around view of the surroundings and states that rooms used for work, teaching, or living, 
must be equipped with windows placed to provide a view of the surroundings. Windows and solar 
shading systems must be planned and implemented to ensure a view to the surroundings is available 
in a satisfactory proportion of the usage time [3]. In the related guide it is further emphasized that the 
transparency and operation time of the solar shading system must be carefully considered. But again, 
no clear requirements are given on how to document a sufficient view out. The most specific 
requirements found, although mostly for solar shading devices and not specifically view out, is 
references to the standards DS/EN 14501: Blinds and shutters - Thermal and visual comfort – 
Performance characteristics and classification [4]. 

The Danish/European standard DS/EN 17037:2018 Daylight in Buildings [4] has more extensive and 
tangible requirements towards view out. It contains requirements for three different levels of 
recommendations: minimum, medium and high. Which requirements to follow depends on the level of 
view quality targeted in the project.  

If the minimum level is targeted followed, then it is ensured that “All occupants of a space should have 
the opportunity for the refreshment and relaxation afforded by a change of scene and focus“ [4].  

The requirements revolve around:  

§ The size of view openings 

§ The width of the view (horizontal sight angle) 

§ The glazing material of view openings  
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§ The outside distance to view elements 

§ The number of layers available (ground, landscape and sky) 

The assessment of view out within these criteria should happen for selected reference points located 
where people will spend a considerable amount of time.  

Even though, the requirements by DS/EN 17037:2018 is more extensive than most other standards or 
the Danish building regulation, there is still room more for exhaustive knowledge and requirements 
within the subject view out. This will be further established in the next sections.  

2.2 THE BASIS OF DAYLIGHT AND VIEW OUT 

The perception of a view is dependent on the sight produced by the human visual system. The human 
visual system includes both the eyes and the brain, and by their collaboration, the human sight is 
composed. However, for any sight to be produced by the human visual system, light is essential. 
Without light, humans cannot see [5].  

The process of seeing is initiated when the photoreceptors in the human eye absorb energy in the form 
of light [5]. The retina, which is a very light-sensitive membrane placed on the backside of the eyeball, 
converts the absorbed light to electrical signals for the brain to process. The range of light which the 
human eye can absorb is limited to the wavelengths between 380-780 nm in the electromagnetic 
spectrum. The specific wavelengths absorbed by the eye at a given time defines the perceived colors 
of the related view [6]. On Figure 2 below the wavelengths of the daylight spectrum are illustrated.  

 

Figure 2: Illustration of wavelengths in the daylight spectrum and the visual spectrum. Created with inspiration from [7] 

Daylight is often a preferred source of light as it contains an almost even distribution of the wavelengths 
in the visible spectrum, giving it a high ability to render the colors of view content. Artificial light often 
has a less even distribution of emitted wavelengths, resulting in a distortion of certain colors. 
Furthermore, daylight is preferred as it contains a high amount of information regarding the outside 
world, such as weather and time of day and year [9] [8]. But as a result of this, daylight is also less 
controllable, as stated in “Daylight: What makes the difference?” by Knoop et al.: “In contrast to 
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artificial light, daylight as a natural source is more difficult to control and the daily, seasonal and annual 
dynamics of daylight produce different outcomes in different locations, additionally modified by weather 
conditions.” [8]   

The daily dynamic changes in daylight are mainly affected by the sky conditions, meaning whether the 
sky is overcast or clear with visible sun, which can change almost momentarily. Furthermore, the hours 
of sun and the path of the sun across the sky changes by the seasons. These changes can all result in 
differences in the wavelengths and especially the intensity of the daylight.  

2.2.1 QUANTIFICATION OF LIGHT 

In order to assess light in general it is important to know how to quantify its characteristics. Light can 
be quantified with different parameters depending on the exact situation. The most essential of them 
is luminous flux measured in lumens (lm), which is a measure of the total amount of energy emitted in 
all directions from a light source [5]. For illustration see Figure 3. 

Because the radiation from a light source can be different depending on the direction, it can be useful 
to quantify the luminous flux emitted in a specific direction from the light source, see  Figure 3. Here 
the parameter luminous intensity is used; measured in candela (cd), which is the luminous flux emitted 
through a narrow cone of a specific unit solid angle [7] [9]. 

When a surface is illuminated it is interesting to know to which extent it is illuminated, and to quantify 
this the parameter illuminance is used, measured in lux which is lumens per surface area as illustrated 
in Figure 3 [5]. 

 

Figure 3: Illustration of luminous flux, luminous intensity, and illuminance. Created with inspiration from SBi [7]. 

An illuminated surface can reflect the light in different ways, and how the human eye percepts the light 
will depend on the reflectance of the surface. The reflectance is the fraction of the luminous flux hitting 
a surface which is reflected. The ability to reflect depends on the color – the brighter color the higher 
reflectance, and how the light will be reflected depends on the structure of the surface. A glossy and 
smooth surface as a mirror will reflect all the light in one direction – a specular reflection. A mat equally 
rough surface will reflect the light in a hemisphere in all directions – a diffuse reflection. A semi-gloss 
surface as for example porcelain will reflect the light both diffuse and specular [9]. 
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Figure 4: Illustration of reflectance and luminance. Created with inspiration from SBi [9]. 

When light is reflected in specific directions, the parameter luminance can be used to quantify how 
much light is emitted from the surface towards the eye, and by that how bright the human eye 
perceives the surface to be. Luminance is measured in cd per m2 [7] [12].   

2.2.2 THE FIELD OF VIEW 

An important aspect of the human perception of view is the visual field, which is given by the placement 
and movement of the eyes. The human eyes are placed frontally, resulting in a significant overlap of 
the two visual fields and therefore a high perception of depth. However, this placement also results in 
a limited width of the visible area. To compensate for this, the eyes can move in a wide range of 
directions. The movements of the two human eyes are linked to follow the same target at the same 
time, to ensure a focused and clear vision [13].  

The human visual field can be divided into different regions depending on the visual acuity of the region. 
The visual field measures 180°-200° horizontally, with the inner 60° being the central vision where 
fixation occurs and the peripherical vision at the <60° where movement is registered [13].   

At the center 5° the fovea is placed as the visual axis of the eye. This is the area of the eye with the 
greatest acuity as it has a high spectral sensitivity and the light reaching the fovea has encountered a 
minimum of absorption and scattering. This allows for a high resolution of detail and fine discrimination. 
Form recognition happens within the center 2° of the visual field, which is also called the foveal vision 
[14]. Figure 5 below illustrates the different regions of the human visual field. 

 

Figure 5 – The regions of the human visions 
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Hence, to ensure contact to the outside from inside a building it is important that the available view 
openings have an uninterrupted area as a minimum corresponding to the foveal vision. However, the 
visual comfort is affected by various factors, beside the available view amount, which will be elaborated 
in the next section.   

2.2.3 VISUAL COMFORT 

According to the Cambridge Dictionary, the word comfort means “a pleasant feeling of being relaxed 
and free from pain” or “something that makes your life easy and pleasant”[15]. So, to achieve visual 
comfort in a room, there must be nothing irritating or coursing pain to the occupants when performing 
visual tasks. Visual tasks are all those activities where the human eye and the brain are used to collect 
specific information from the visual surroundings [16]. In a work-related situation this could be 
everything from looking at a colleague while conversating to reading a document. To be able to do this 
we need light, and different illuminance levels are required for different visual tasks – for example 500 
lux is recommended for reading a document and only 200 lux to see the face expression from a 
colleague [17]. If the illuminance level is lower than the required illuminance level for a task, then the 
task will possibly still be achievable, but the performance level can be lower in time and accuracy [16]. 
Good lighting design is therefore important, and the main criteria for determining this are given in 
DS/EN 12464-1:2021 [17] as:  

§ Luminance distribution 
§ Illuminance 
§ Glare 
§ Directionality of light - lighting in the interior space 
§ Color rendering and color appearance of the light 
§ Flicker 
§ Variability of light (levels and color of light). 

In terms of daylight the interesting criteria are the luminance distribution, illuminance, and glare. The 
luminance distribution is determined by the illuminance and reflectance of the different surfaces in the 
room. To achieve visual comfort, it is recommended in the standard DS/EN 12464-1:2021 [17] to avoid 
too high luminances and luminance contrasts – which can cause glare, and to avoid too high luminance 
variation – which trigger exhaustion of the eye due to constant re-adaptation. Also, too low luminances 
and luminance contrasts are recommended to avoid, because this will give the occupants a dull and 
non-stimulating environment.  

Required illuminance levels are determined by the activity in the task area, but not only the task area 
is important for the comfort. Also, the illuminance levels on the immediate surrounding area together 
with the background area are important to control the luminance contrasts in the visual field. If the 
contrasts become too great the risk of discomfort glare increases [17].   

GLARE 

Overall, there are three categories of glare: disability glare, discomfort glare, and glare reflections. 
Disability glare is caused by a scattering of a very bright light source within the eye which overlays the 
retinal image, and results in a disability of the sight in the area of the visual field. Discomfort glare is 
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when the light source is causing irritation or is distracting for the person exposed and according to J. 
Wienold “With the tendency to increase the facade luminance, discomfort glare is becoming a more and 
more significant factor in the evaluation of visual comfort evaluation of a workplace”[18]. Glare 
reflections are of course a reflection of a light source on a glossy surface – for example a glass pane on 
a neighboring building, a polished desk, or a computer screen.  

To protect from glare in lighting design different parameters can be used. In DS/EN 17037:2018 – 
Daylight in buildings [4] it is given that “Daylight Glare Probability (DGP) is used to assess protection 
from glare for spaces where the activities are comparable to reading, writing or using display devices 
and the occupants are not able to choose position and viewing direction.” 

DGP is used to give an estimate of how large a proportion of the population will be dissatisfied when 
exposed to a given light condition. It is considering the vertical illuminance at eye level together with 
individual high luminance glare sources and their projecting angle [4]. DGP originates from the PhD 
project Daylight Glare in Offices by J. Wienold [18] and is defined as Equation 1.  

 

Equation 1: Daylight Glare Probability (DGP). 

In the standard DS/EN 17037:2018 [4]  different levels of recommendation are given for DGP. In Table 1Table 1: DGP range values for 
different perceptions of glare (table E.1 in [4]). below the different DGP value ranges are given for how people will perceive the glare, and in 

Table 2Table 2: Recommendations for DGPe < 5% for different levels of glare protection (table A.7 in [4]). 

 different thresholds values for DGPe < 5% are listed for different glare protection levels. DGPe < 5% is a 
threshold which the DGP may not exceed for more than 5 % of the occupied time. 

PERCEPTION DGP RANGE 

Glare is mostly not perceived DGP £ 0.35 

Glare is perceived but mostly not disturbing 0.35 < DGP £ 0.40 

Glare is perceived and often disturbing 0.40 < DGP £ 0.45 

Glare is perceived and mostly intolerable DGP ³ 0.45 

Table 1: DGP range values for different perceptions of glare (table E.1 in [4]). 
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LEVEL OF RECOMMENDATION FOR GLARE PROTECTION DGPe < 5% 

Minimum 0.45 

Medium 0.40 

High 0.35 

Table 2: Recommendations for DGPe < 5% for different levels of glare protection (table A.7 in [4]). 

In the equation for DGP the vertical illuminance at eye level is used to predict the discomfort glare 
probability by taking the eye adaptation into account. To solely assess the impact from the glary sources 
a person is exposed to, the term glare impact can be used. It is a term created and defined in the paper 
A sensitivity analysis on glare detection parameters by M. Khanie, J. Yiyuan, J. Wienold and M. Andersen 
[19] as described in Equation 2.  

 

Equation 2: Glare impact (GI) 

In general, the levels of glare are used to ensure that there will be no discomfort when designing a 
building. But when talking about the visual comfort overall, a lot more must be considered – such as 
the characteristics of the view out through the windows in the building, which will be explained further 
in the next section.  

2.3 THE CHARACTERISTICS OF VIEW OUT 

The quality of the view out depends on a lot of different parameters, such as window properties, visual 
features in the view and position of window and viewer. Ko et al. has in A window view quality 
assessment framework [20] sorted the parameters into three guiding categories: View Content, View 
Clarity and View Access, as illustrated in Figure 6 below.  
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Figure 6: The categories of view out. 

In the following sections the above-mentioned categories will be further elaborated and the current 
tools for assessment will be described.  

2.3.1 VIEW CONTENT 

The view content revolves around the visual features seen through the window view [20]. The visual 
features include objects such as greenery or buildings, traffic, sky, and ground. Furthermore, the 
distance to the features will also influence the view content. In the following is a detailed description 
of the subcategories of view content. 

HORIZONTAL STRATIFICATION 

The horizontal stratification of a view entails the visible horizontal layers. In general, three layers are 
defined; these are the ground, the landscape and the sky. Each layer provides different information for 
the viewer, therefore the more layers visible, the more information available, hence a view with all 
layers visible is preferred. Additionally, the distance of the content of the landscape content plays a role 
in preference, with distant landscape being most preferred [3].  

NATURE AND URBAN FEATURES 

Studies have shown that natural features, such as greenery and water, are preferred over urban or built 
features, although landmarks and aesthetic architecture can also be desirable [3], [20]. Whether or not 
the architecture is found aesthetic, and thereby attractive, depends on the age, maintenance, and 
complexity of the urban features. A view can be characterized as either natural or urban. Moreover, 
urban views can contain greenery, which will increase its attractivity, likewise water will make both 
natural and urban scenes more desirable [3]. 
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DYNAMIC FEATURES 

Dynamic features include movements within the window view and can consist of both people and 
traffic, but also the movements of trees and skies. Dynamic features are generally preferred but can 
also be distracting. Especially heavy traffic can have a negative influence on the visual comfort. Scale, 
frequency and duration of the movements will also affect the perception of the view [20].  

CONTENT DISTANCE 

In general, it is preferred to have the content far away from the viewer, as it relaxes the muscles of the 
eyes and gives a minimum of limitation to the view [3], [20]. However, natural features are preferred 
to be closer to the window than urban features [20]. 

ASSESSMENT OF VIEW CONTENT 

Current standards and guidelines have very few requirements for view content, however in the 
Danish/European Standard DS/EN 17037:2018 Daylight in Buildings [4] some requirements are given 
for the horizontal stratification.  

DS/EN 17037:2018 has defined 3 different levels of recommendation for assessment of daylight and 
view out: minimum, medium, and high. For view content the following requirements are given: 

The number of layers to be seen from at least 75% of the utilized area: 

§ Minimum: Landscape layer 
§ Medium: Landscape layer + one other layer (in same view opening) 
§ High: All three layers should be visible (in the same view opening) 

Additionally, recommendations for the content distance are also given: 

§ Minimum: ≥ 6,0 m outside distance of the view 
§ Medium: ≥ 20,0 m outside distance of the view 
§ High: ≥ 50,0 m outside distance of the view 

In the research paper A window view quality assessment paper By Ko et al. [20] they have found similar 
recommendations for view content in The Society of Light and Lighting, Lighting Guide 10 (20214) as 
well as from the certifications LEED v4.1 and WELL v2.  

Hellinga and Hordijk have in The D&V analysis method: A method for the analysis of daylight access and 
view quality [3] developed a flowchart for assessing the content of the outside view. By following the 
flowchart, the view out gets a score, depending on the characteristics of the features seen through the 
window.  The score is by Hellinga and Hordijk defined as the view quality and this term will be used in 
this thesis as the measure of the view content. The flowchart for the assessment is seen below: 
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Figure 7 - Illustration of the flowchart of the D&V Analysis Method by Hellinga and Hordijk [3] made with inspiration from [21].  
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2.3.2 VIEW CLARITY 

View clarity is a measure for how clear (without distortion) a view out is perceived by an occupant, thus 
it is depending on the properties and design of the window, as well as any obstructions of view. The 
view clarity can be determined by looking at visual acuity, color perception and contrast sensitivity [22].  

To achieve a high view clarity the window should provide a view which is undistorted and minimally 
fractioned, meaning neutrally colored glazing and with glazing support such as frame and mullions 
designed to interfere minimally with the view. Solar shadings such as screens can offer some view out, 
however often they also result in a significant distortion, which clearly affect the view clarity [22].  

ASSESSMENT 

Konstantzos et al.  has developed a view clarity index (VCI) by which it is possible to calculate the clarity 
of a view through a given fabric shade [20] [23]. The VCI score depends on the openness factor and the 
visible light transmittance. The openness factor is a measure for how transparent the fabric is and 
depends on the weave density and the direct light transmission.  

However, currently no metric has been developed to make it possible to assess the view clarity of a 
window in full [21].  

2.3.3 VIEW ACCESS 

View access is a measure for how much view an occupant has access to from a certain position and is 
mostly depending on the geometric relationship between the view opening and the occupant [20]. 
Additionally, if any solar shading is installed, this will further impact the view access for the occupant, 
therefore it is important to consider the solar shading, especially if it is non-movable. By setting up 
requirements for amount of view, size, and number of windows as well as their placement can be 
determined. 

VIEWING ANGLES AND DISTANCE 

The viewing angles of an occupant is the angles between the viewing position and the perimeters of 
the window. Hence, there is both a horizontal and a vertical view angle [18]. The viewing angles are 
directly influenced by the placement, size, and shape of the windows, as well as the distance between 
the occupant and the window i.e. the viewing distance.  View access has also been shown to be 
connected to the view content, as it has been found that smaller horizontal view angles is accepted, if 
the view is distant. Likewise, it has been shown that the horizontal stratification also influences the 
acceptability of view angles [20].  

ASSESSMENT OF VIEW ACCESS 

The access of view can be evaluated by several different measures and there is no general agreement 
over which is most appropriate. Additionally, many assessment methods connect view assess with view 
content, thus combining the requirements for the two. Therefore, a great variation is seen in 
requirements for view access in different standards [20].  
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DS/EN 17037 has defined minimum requirements for the horizontal sight angle for the three levels, 
also described I the section about View content, which is minimum, medium, and high. The following 
requirements are given: 

LEVEL OF RECOMMENDATION FOR VIEW OUT HORIZONTAL SIGHT ANGLE 

Minimum 14° 

Medium 28° 

High 56° 

Table 3: Recommendations for view access by DS/EN 17037 (Table A.5 in [4]) 

Furthermore, the sum of view openings for a space with a depth of more than 4 m are recommended 
to have dimensions of at least 1 m x 1.12m (width x height) [4]. 

No requirements or guidelines are given for solar shadings regarding view assess although solar shading 
can have substantial impact on occupants’ access to view out.  

2.4 ASSESSMENT METHODS FOR THE HUMAN VISUAL SYSTEM  

One thing is the characteristics of the view out as described above, another thing is to understand how 
the human visual system works and perceives the view out. The human visual system is very complex 
and only a few aspects have been described in this background analysis. “Varies studies have addressed 
the importance of perceptual qualities of daylight, such as the variation and composition of light for our 
experience of space” [24]. Different attempts have been made over the years to assess the human 
perception of a scene resulting in several methods being developed using photometric values to assess 
scenes with different daylight conditions using luminous images. Some of these methods are using 
luminous contrast in the view as an indicator – either global or local. 

2.4.1 CONTRAST 

The human visual system is constantly adapting to the level of lights and the sensitivity to glary sources 
follows the adaptation, meaning that a glary source is only perceived glary if the surroundings are quite 
lower in light level than the specific source. It is thereby a matter of the contrast in light levels when 
talking about the perception of the visual system.  

The first measure for contrast was The Michelson contrast developed in the second half of the 20th 
century. This contrast was a global contrast where only the deviation between the maximum and 
minimum luminance of the entire field of view was considered [25]. Other global contrasts followed – 
a more complex one of them is the Root Mean Square (RMS) contrast by Pavel et al. For this measure 
the intensity of all pixels of an image of the field of view are considered in relation to the average 
intensity of the image. The equation of the measure follows Equation 3 [26].   
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Equation 3: The root mean squared contrast (RMS).  

Since global contrasts are considering the whole image and not the contrasts between a source and its 
surroundings the local metric measures were developed. One of these local contrasts is the Spatial 
Contrast (SC) simplified by Rockcastle et al. in the journal article Contrast Measures for Predicting 
Perceptual Effects of Daylight in Architectural Renderings [26] as in Equation 4.   

 

Equation 4: Spatial Contrast (SC). 

In 2004 Rizzi et al. [2] developed the RAMMG algorithm, which is a local contrast measure of mean 
contrast for different pixel levels found by the local contrast of each pixel and its 8 surrounding pixels.  
Multi-level pyramid subsampling method was found to be the measure with the best correlation to the 
human visual system’s perception of different daylight compositions [26]. A subject assessment 
experiment was made by Rockcastle et al. where different contrast measures were compared – two 
global (Michelson and RMS) and four local (SC, RAMMG, the difference of Gaussian (DOG), and retinal-
like subsampling contrast (RSC)). The algorithm for the RAMMG method follows the procedure in Figure 
8.   

The RAMMG thereby include the local contrast between different size of pixels and finds the mean at 
each pixel level to get the overall contrast in the image. The local contrast is important when talking 
human perception of daylight conditions since the human visual system more easily can identify 
differences in luminous intensity of pixels beside each other than far away from each other.  

The RAMMG local contrast can be found both achromatic but also chromatic, where the different colors 
are taken into account and weighted with the luminance contrasts.  
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Figure 8: The different steps of calculating RAMMG contrast algorithm. Illustration made with inspiration from [26].  

2.4.2 COMPLEXITY 

One thing is the luminous intensity of the daylight in the visual field, but the complexity of what is 
actually in the visual field have proven important for the perception of the view as well. As described 
earlier in the section the view content plays a big role in the perception of the view, and here the visual 
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complexity of the view has shown to be important – defined as diversity in D&V Analysis Method by 
Hellinga and Hordijk [3].  

In 1997 Heylighen stated that the perception of the visual complexity correlates with the variety in the 
visual stimulus. In the experiment study by Oliva et al. from 2004 the perceptual dimensions of the 
visual complexity were found to be the “quantity of objects, clutter, openness, symmetry, organization, 
variety and colors”[27].  

Since the visual complexity of an image is a composite of perceptual dimensions in itself, it has to be 
broken down in order to have a measure for it. An experimental study was conducted by Zaikina et al. 
in 2015 with the aim “to comprehend whether luminance-based design as a method, most perception 
oriented among others, could be applicable for the evaluation and prediction of the visibility of the 
shape and details of real 3D objects observed by people” [28]. Here the visual complexity was 
represented by the sharpness and viability of scene, since an increase in the sharpness of an image 
means that more details will be made visible and thereby a higher complexity. In the study three 
luminance measures of an object were tested – the luminance ratio, mean luminance, and the standard 
deviation. The study showed that the standard deviation of the luminances calculated using the RMS 
measure (Equation 3), indicates to have the best correlation with the perception of viability.  

When using the RMS measure the luminance of each pixel in the image is compared to the mean 
luminance of all pixels in the image, and is thereby the best suited indicator for the visual complexity. 
This is because the variability between the different pixels is included. 

 

2.5 SOLAR SHADING 

Solar shading has been used in several centuries. The solar shading type we call Venetian blinds today 
have been traced all the way back to Persia, where the Venetian traders brought them back to Europe 
and from there, they got the name Venetian blinds [29]. Their purpose was to control the amount of 
daylight getting into the room, which in general is the overall purpose of solar shadings - therefore solar 
shadings are also called solar control devices or systems [30].  

With the heightened focus on energy consumption and the indoor environment in buildings over the 
last decades, the use of solar shading has increased, and a lot of new types have been developed, with 
the  ability to control the sunlight whenever the solar heat gain is wanted or not.  

In the scientific article State of the art of advanced solar control devices for buildings by Tilmann E. Kuhn 
from 2017 [30] it is described that “the key to the understanding of solar control systems is to introduce 
two multidimensional spaces: the design space and the evaluation space”.  

The design space contains all the design parameters from which an architect will choose a type of solar 
shading for a particular situation – the technology, position, and control. The evaluation space contains 
the performance parameters which are used to evaluate if the performance of the chosen type meets 
the specific needs [30]. In Figure 9 the two parameters from the two spaces can be found.  
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Figure 9: The design and evaluation space for solar shading. Illustration made with inspiration from [30]. 

As seen on the figure there is many different types of solar shadings on the market. Many of them can 
be positioned both externally and internally, and for example the Venetian blinds and the roller blinds 
can furthermore be integrated between the glass panes in the window. In general, the external position 
is the most interesting as the internal shading types are typically not a part of the design tender. 
Furthermore, the external types are a lot more efficient in reducing energy consumption, since the 
sunlight and thereby the solar heat gain is blocked outside and does not get into the building.  

The frequency of use of the different shading types varies due to which design expressions are modern 
at the time. Figure 10 gives an overview of the most used types of solar shading for the current trends 
in the architectural field.  
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Figure 10: An overview of the most commonly used solar shading types and their characteristics.  
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The different solar shading types can be divided into the categories fixed and movable, where most of 
the movable types can also be made in a fixed version. However, if the solar shading is movable there 
must be a form of control, which can vary between being manually controlled and fully automate 
controlled.  

The demand for the ability to control the solar shading system comes from not wanting to have the 
view out blocked or disrupted more than needed. Especially because the solar radiation and its heat 
gain is wanted and welcomed during colder months in the northern part of the world – both due to 
people’s wellbeing but also to acquire the most efficient energy consumption [31].  

2.6 RECENT RESEARCH  

So far, important aspects of view out and solar shading have been described. Some of the knowledge 
have been known for decades, while some have been achieved more recently. Common for a lot of the 
most recent knowledge is that the aim is to find assessments methods for view out, such as the D&V 
Analysis Method by Hellinga and Hordijk [3], the local contrast algorithm RAMMG measure by Rizzi et 
al., and the RMS by Pavel et al.  

During the rise of virtual reality (VR) in the recent years  it has been used more and more in experiment 
studies regarding view quality and daylit spaces. It makes it possible to simulate a real environment 
with varying view out qualities, while being able to control the confounding variables in relation to the 
location. Before VR, images were used in many experiments to represent various view conditions, with 
the known limitation that images are not the reality. With VR it has become possible to include 
additional aspects of the human system and senses to make more realistic environments.   

In the study by Chamilothori et al. from 2019 a comparison of the perception of daylit spaces in real 
and virtual environments were made: ”The results indicated a high level of perceptual accuracy, 
showing no significant differences between the real and virtual environments on the studied 
evaluations” [32].   

Another use of VR is in relation to solar shading, which have been used in the thesis project 
“Characterization of view out towards an index of appropriate selection of solar-control systems” by 
Olling and Olesen [21]. The existence of this current thesis originates from the thoughts and the findings 
from this previous thesis project. 

2.6.1 VR SOLAR SHADING EXPERIMENT 

The main research question in the thesis by Olling and Olesen [21] is “Is photometric values, and amount 
of view applicable for characterization of view out with the purpose of appropriate solar shading and 
solar control selection?”  

The question was investigated through subjective user assessments of scenes composed of varying 
RAMMG contrasts and visual complexity calculated as RMS, which were presented to the subjects in 
virtual reality using a VR headset. For the content of the investigated scenes, two views out, which view 
quality ratings (VQR) were in each end of the scale using the D&V Analysis Method [3].  
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The two views out were both presented with 5 external white solar shading types – big horizontal blinds, 
small horizontal blinds, vertical louvres, screens and shutters with greenery. In Figure 11 the scenes 
presented to the subjects are shown. There are two views without solar shading, and then six views 
where solar shadings were added. Only the shading types relevant for this thesis are shown.  

 

Figure 11: Overview of view outs and solar shading types used in VR Solar Shading Experiment by Olling and Olesen [21]. 

To test for amount of view the big horizontal blinds and the vertical louvres were presented with 
different angles for the view out with a high view quality rating.  

The results showed “a significant relation between subjective responses and the variables chromatic 
contrast, visual complexity and amount of view” [21]. It was found that the subjects preferred high 
visual complexity, high amount of view available no matter VQR, and low chromatic contrast, and that 
the amount of interruption of the foveal vision could affect the preferences within the solar shading 
types.  

The results also indicated that the subjects preferred the big horizontal blinds followed by the small 
horizontal blinds and thereafter the vertical louvres. When the slat angle for the big horizontal slats 
were tilted 31o down from perpendicular to the window pane, the percentage of subjects assessing the 
view to being pleasant or very pleasant decreases from 92% to 68% approx. 
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3 METHODOLOGY 
In the following chapter the methodology of this thesis is described step by step. Starting with the 
problem statement which provides as a base for designing the user assessment experiment, followed 
by how the experiment was designed in a semi-controlled environment. Finally, the analyses method 
used for handling the data is described.  

3.1 PROBLEM STATEMENT 

Due to the resent increase in knowledge within visual comfort and with the findings indicating that the 
view out has a great impact on the visual comfort, it is indicated that solar shading systems will naturally 
also have an impact. Especially for offices, where the occupants are constrained to the same visual 
environment for long periods, the importance of having satisfying view out conditions are essential.  

With the results from the VR solar shading experiment by Olling and Olesen [21] as a starting point, it 
was desired to dig deeper into which aspects of solar shading systems affects the perception of the 
view quality the most. As well as investigating the validation of using VR for experiments regarding 
perception of view out with solar shading. To achieve this a main research question was formed:  

Is the view out quality influenced by the use of solar shading systems of different characteristics, and 
can photometric parameters be used as indicators?  

The view out quality covers all aspects of view influencing the perception such as the view content, 
prospective solar shading and the access to the view out.  

3.1.1 HYPOTHESES 

To investigate the main research question the different aspects of it have been broken down into three 
hypotheses which are found in Figure 12 below.  

 

Figure 12: The three hypotheses investigated in this thesis. 
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With the first hypothesis, the aim is to clarify what determines the quality of view out and which 
parameters or measures are best describing the quality. Here the view out quality is in focus, which is 
described by the content of the view out and the view access. Within the view access there are both 
the distance from the viewer to the window but also the viewer’s orientation compared to the window.   

The second hypothesis should help clarify which impact the most commonly used solar shading types 
have on the view out quality of a view out including solar shading. Here only the design parameters of 
the different solar shading types are in focus.  

With the third hypothesis it was desired to investigate how the different characteristics of solar shading 
affects the view out quality. Here the design parameters are broken down into amount of interruptions 
is caused by the solar shading, the slat direction – horizontal or vertical, and in addition the slat angle 
since many solar shading types used are controllable.  

Across all three hypotheses it is investigated which correlations photometric parameters have as 
possible indicators for the view out quality.  

3.2 EXPERIMENTAL DESIGN 

The experiment is designed to test the hypothesized relationships between the dependent variable 
“people’s perception of view” and the parameters selected to represent view out quality, solar shading 
types and solar shading characteristics. Thus, it is investigated through a user-assessment study, how 
the qualitative independent variables view out and solar shading condition affect the dependent 
variable subjective responses. The subjective responses are measured by subjective answering various 
question regarding different perspectives of view. The independent variables view out and solar 
shading condition combined compose different view conditions which the subjects are exposed to. This 
is illustrated in Figure 13. 

 

Figure 13: Definition of view condition. 

During the experiment the view condition is stepwise changed, and the corresponding subjective 
responses are measured. The experimental conditions are controlled as much as possible, however as 
it is a field study, not all parameters have been controllable. To account for this, potentially influencing 
variables such as temperature, CO2 and light level have been measured and observations of parameters 
such as weather, noise and view changes during an experimental run have been collected. These 
measurements and observations can be used to check if the results of the experiment needs to be 
corrected for them.  

Furthermore, randomization has been used where possible, thus the order of the view conditions a 
subject is exposed is randomized, although some physical restraints have limited some aspects of the 
randomization. Subjects have also been randomly assigned to the different experimental runs, only 
restricted by their availability.   
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In the following sections the framework and the procedure of the experiments will be presented and 
described as well as the methods used to process and analyze the data collected from the experiments.  

3.2.1 SUBJECTS AND SUBJECT RECRUITMENT 

subjects are needed for the chosen type of experiment, and before recruiting them some thoughts 
were made to assemble a group with the best possible representation. The aim was a group of only 
Danish speaking people, since a questionnaire should be used in the experiment. A group composed of 
equally female and male subjects with ages equally distributed over the working age was desired, as 
the area of interest is office environments.  

A flyer was made with general information about the investigated topic– just enough to catch the 
interest of the subjects without having them biased when participating in the experiment. Possible 
dates were listed as well, and they were asked to write us an email if they were interested in 
participating. The flyer was written in English just in case too few Danish speaking subjects volunteered. 
To raise interest even more, economic compensation was offered to the participants. In the email they 
were asked to include information about their age, sex, whether they were Danish speaking, and which 
days they were available to participate. The flyer was posted on different social medias and printed and 
hung up around the campus of The Technical University of Denmark (DTU).  

Not enough Danish speaking subjects volunteered, and after some time, it became clear that in order 
to conduct the experiments, it was necessary to do the experiments in both English and Danish.  

The experiments had to be conducted during daytime to have most possible daylight and at DTU the 
majority of the interested were students, which narrowed the age range. By asking some subjects of a 
higher age in person, it became possible to get a bit of a wider age range.  

As the interested subject appeared in the mailbox, the different possible subjects were, concurrently, 
listed in a spreadsheet with their information sorted under their available dates. In that way the exact 
dates for the experiment were planned at the dates where most subjects were available. For those 
dates that had more subjects than needed the selection of the subjects was made based on which sex, 
age or language was lowest in number. In that way the best possible representation was insured.   

All In all, the total number of subjects ended up being 64; of which 29 were female, 34 male and 1 
identified as another gender. Out of the 64 subjects it was managed to have 21 Danish speaking – equal 
to a percentage of 33%. The subjects were mostly within the age group of 20-29, however a smaller 
group was in the interval 30-61.  

3.2.2 SELECTION OF PHYSICAL SURROUNDINGS  

In order to design experiments with the highest ability to prove the hypotheses a field research was 
made, where the different views and solar shading types on the campus of DTU was mapped. The 
campus of DTU was chosen because of its diversity in new/old buildings, building types, and use of solar 
shading systems. The field research involved finding all buildings at campus with solar shadings. Thus, 
information about building function, type of solar shading, solar shading control, orientation, view 
content, and windows where registered. The results of the research can be found in Appendix 8.18.1 
Results from field research of buildings at DTU.  
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With the results of the field research it became clear that by only using existing solar shading the 
logistics of moving subjects from building to building would be too time consuming and complex. 
Furthermore, the confounding variables concerning the physical surroundings – such as room geometry 
and layout would be too divers. Therefore, it was chosen to build frames for a large window wherein 
mockups of different solar shading types could be mounted. In that way the confounding variables 
could be kept constant while keeping the possibility to test a larger range of solar shading types. 

With that in mind it was chosen to split the experiment up into two experiment parts – experiment A 
and experiment B. The aim of experiment A would be to test different solar shading types with mockups 
in front of a window with an existing solar shading, which would be used as control for the reliability of 
the mockups. Experiment B was used to supplement with more view types, an extra existing solar 
shading type, and to test different angles of solar shading slats.  

To be able to test different view types with different view content the view quality was rated using the 
D&V Analysis Method by Hellinga and Hordijk [3] illustrated in Figure 7. Based on the view quality ratings 
Building 202 and Building 210 were chosen, as they together have views rated as being low, medium, 
and high.  

Both buildings are designed with external venetian blinds, so to check the reliability of the mockups one 
of the types created should be with small horizontal slats corresponding to venetian blinds. 
Furthermore, it was chosen to create mockups of big horizontal slats together with small and big vertical 
slats. The tested types of solar shadings were selected based on the field research compared to an 
analysis of the market in general, in order to test some of the most used types.  

 

 

Figure 14: Left: Visualization of the frame with the four different mockups of solar shading slats. Right: The measurements of the frame. 
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The dimensions of the slats were chosen based on existing products from Blendex [33]; a well known 
solar shading manufacturer on the Danish market. The materials dependent on was possible to make 
the mockups and resulted being wood. Figure 14 illustrates the frames created with the different 
mockups and inFejl! Henvisningskilde ikke fundet. the geometry and specifications for the slats can be 
found.  

 

Table 4: Geometry and specifications of solar shading slats used for mockups in experiment A. 

The mockups were all made from plywood and frame wood, and then painted in the RAL color 7022, 
which is the dark grey color shown in Table 4. The paint used were semi-glossed to make the slats 
reflect some of the light without the ability to cause glare.  

 

3.2.3 EXPERIMENT A 

Experiment A was designed to investigate the relation between different view out and different solar 
shading types. To accomplish this, two rooms in Building 210 with different views was selected – this 
being room 62 with a view out rated to be high view quality, and room 68 with a view of medium view 
quality. With the two mockup frames described in the previous section was possible to setup four 
different kinds of solar shadings outside the windows of the two rooms – small vertical and horizontal 
slats and big vertical and horizontal slats. Additionally Building 210 has existing venetian blinds outside 
each window, which was also used in the experiment. 

Room 62 and 68 used for experiment A are almost identical except for the view. Room 62 is used by an 
art society club, and therefore there are small white shelves on the walls, but nothing which are 
disturbing or distracting to the eye. Both rooms are approx. 14 m2 with white walls and ceilings and 
wooden flooring.  

To have more subjects participating at a time it was decided to position the subjects with different 
distance and direction towards the window. In that way the view access in terms of occupant direction 
and window distance are different variables to be tested for. Because the aim is to have an office-like 
environment, the subjects were placed with a good distance and with a layout similar to what is used 
in offices. Because of the relatively small rooms it was found suitable for 5 subjects to participate at a 
time. The layout of the tables and subjects can be seen on Figure 15.  
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Figure 15: Top: A site plan and plan drawing of Building 210. Bottom: Illustration of position number, distance, and orientation of the five 
subjects during experiment A in room 62 and 68. 

Due to the different positions each of the five subjects had a different view through the window, 
therefore, in fact 10 different view outs was tested. To get an overview of the test environment Figure 
16 is showing a picture taken from each position in each room, together with a zoom in on the different 
view out for each position. On the figure the view quality rating (VQR) of each of the view outs are given 
– calculated using the D&V Analysis Method by Hellinga and Hordijk [3]. Large pictures can be found in 
Appendix 8.2 View types – Experiment A.  
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Figure 16: An overview of the different test environment and view out from each position in the two rooms used in experiment A. For each 
view the calculated view quality rating (VQR) is given when using the D&V Analysis method [3]. Bigger pictures can be found in Appendix 8.2 

View types – Experiment A. 

The view quality is - together with the solar shading condition - the independent variables in experiment 
A, and each subject will thereby be exposed to different view conditions all composed by a specific view 
out and a specific solar shading condition.    

The different solar shading types will have a different effect depending on the position of the subject. 
When having a vertical shading type the subjects closest to the window at position 1 and 3 will have 
their view out much more covered by the shading because of the sharp angle. With a horizontal shading 
type the view will be covered more and more in the top of the window the closer the subjects are to 
the window. In Figure 17 all the different solar shading conditions the subjects have been exposed to 
during experiment A can be seen.  
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Figure 17: An overview of the different solar shading conditions seen from each position, which the subjects have been exposed to during 
experiment A. The conditions are shown for room 68.  

To investigate various photometric variables, an image was taken with a photometer at each subject 
position for every condition the subjects was exposed to. These images are 180° degree fisheye images 
taken at a height of 1.2 m, equal to the average eye height of a seated person. With those images, data 
for all the photometric parameters has been collected for the lighting conditions the subjects were 
exposed to, while answering the questionnaire for each view condition. Thereby data for all the 
photometric variables were gathered simultaneously. Later in the report, the exact equipment used will 
be described together with how the images were processed to get the data.   
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The photometric variables changes with the light conditions in the room, hence, the experiment had to 
be carried out at different days and different parts of the day. In total 6 rounds of experiment A were 
made in the forenoon and afternoon of 3 days – the 4th of November to 6th of November. For each 
round of the experiment the different independent variables varied for each solar shading condition as 
shown in Table 5.  

SOLAR SHADING 
CONDITION 

SLAT  
DIRECTION 

INTERRUPTION 
 

POSITION 
 

VIEW OUT 
 

VIEW QUALITY 
RATING 

NO. OF VIEW 
CONDITIONS 

Venetian blinds 
grey (EX) 

1. Horizontal (H) 1. Many 5 positions 5 views in 
2 rooms 

1. VQR=4 
2. VQR=5 
3. VQR=8 

10  

Small slats (S) 1. Horizontal (H) 
2. Vertical (V) 

1. Many 
2. Few 

5 positions 5 views in 
2 rooms 

1. VQR=4 
2. VQR=5 
3. VQR=8 

20 

Big slats (B) 1. Horizontal (H) 
2. Vertical (V) 

1. Many  
2. Few 

5 positions 5 views in 
2 rooms 

1. VQR=4 
2. VQR=5 
3. VQR=8 

20 

No shading (NO) - - 5 positions 5 views in 
2 rooms 

1. VQR=4 
2. VQR=5 
3. VQR=8 

10 

Table 5: Overview of the changed independent variables for each solar shading condition for each round of experiment A.  

By that each subject has been through 12 tests, in each being exposed to a different view condition 
during the experiment. Summed up for each round of experiment A the total number of different view 
conditions assessed are 60. With 6 rounds of 5 subjects the total number of subjects participating in 
experiment A ended up being 30 individuals.  

TEST 1 2 3 4 5 6 BREAK 7 8 9 10 11 12 

1 BH SV BV EX NO SH  SH NO EX BV SV BH 

2 SV BH NO BV SH EX  EX SH BV NO BH SV 

3 BV SH BH NO EX SV  SV EX NO BH SH BV 

4 SH BV NO BH SV EX  EX SV BH NO BV SH 

5 BH SH EX NO BV SV  SV BV NO EX SH BH 

6 SH BH NO EX SV BV  BV SV EX NO BH SH 

ROOM 68 62 68 62 68 62  68 62 68 62 68 62 

Table 6: Overview of the randomized order of the different shading conditions tested in the two rooms in the different rounds of 
experiment A. NO=no shading, EX=venetian blinds grey, SH=small horizontal slats, BH=big horizontal slats, SV=small vertical slats, BV=big 

vertical slats.  

For the different rounds of the experiment the order of the shading conditions was randomized. This 
was to ensure that nothing but the designed factors and the random effects are influencing the results 
from the experiment. In Table 6 the different random orders of the shading conditions can be found. 
The randomization was with the limitation that the two frames could first be switched during the break 
halfway through the experiment. 
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QUESTIONNAIRE 

When participating in experiment A, the subjects were given a questionnaire to answer during the 
experiment. The questionnaire is split up into two parts – The first part contained demographic 
information, and the second part contained the evaluation of the view conditions. The questionnaire 
was developed with use of the “Guide to good questionnaires” from the Danish Social Research 
Institute by H. Olsen [34].    

The question types used are informative questions, mainly in the first part, and in the second part both 
specific and general questions regarding personal opinions have been used. All questions have a simple 
structure and are formulated clearly with words all should know and without too many connotations. 
For questions where the subjects could be in doubt what a term contains, an elaboration has been 
added in cursive afterwards. All questions have been neutrally constructed to avoid influencing the 
responses with loaded words.   

To accommodate the office feeling for the subjects, the questionnaire should be answered online on 
the subjects’ own computer. The software best fitted to construct the questionnaire was the survey 
tool by Netigate [35], which has a simple modern and straight forward layout.  

For the evaluating questions regarding personal opinions, the aim was to not force the responses to fit 
into boxes, and therefore it was chosen to use a continuous scale from 0-100. In the software this could 
be done using a slider with a movable cursor, where the meanings of the endpoints were stated. 
Because the software could only have the cursor in the left side of the slider as default, it was chosen 
to make the left side positive and the right negative. This was done to avoid indirectly influencing the 
subjects negatively in their assessments.   

The questions in the demographic information part can be divided into two categories – the personal 
information questions and questions regarding the daily well-being of the subject. The questions have 
been chosen from what was suspected could have an impact on the subject responses in the evaluation 
part of the questionnaire. The questions were inspired by experiments previously made within the field 
of daylight. The final questions for the demographic information part are presented in Figure 18.  

During the experiments the aim was to have an indoor environment which would not interfere with the 
responses on the questionnaire. To get information whether the subjects are sensitive to the indoor 
environment they were asked to answer question Q.IE in Figure 18 on an acceptability scale.   
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Figure 18: The questions and answer options for each of the 14 questions regarding demographic information in the questionnaire. The 
question Q.IE regarding perception of the indoor environment is also presented, where the answer is on an acceptability scale (100-0).  

Figure 18 contains the questions which the subjects were asked before the start of the actual 
experiment. Thus, during the answering of this part of the questionnaire the subjects were adapting to 
the lighting level in the room. The demographic part of the questionnaire with the layout as it was 
presented for the subjects can be seen in Appendix 8.4 Questionnaire demographic information – 
English and Appendix 8.5 Questionnaire demographic information – Danish. 

For the evaluation part of the questionnaire the aim was to have questions that made the subjects 
assess each view condition from different perspectives – assessment in general, satisfaction, and 
acceptability. The questionnaire should not only include questions for the view conditions – including 
both view out and solar shading condition together - but also question regarding the specific solar 
shading types.  

To be able to compare the results from this thesis to the conclusions made from the thesis including 
the VR Experiment by S. Olling and J. Olesen [21] described in section 2.6.1, one of the questions should 
be the same. In Figure 19 the final questions are presented, where question Q3 is the same as one of 
the questions used in the VR Experiment.   
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Figure 19: The questions and answer options for assessment of the view conditions in experiment A.  

The second part of the questionnaire is composed by 12 tests for assessing 12 different view conditions 
in total. Each test contains questions which are depending on the view condition. For the two conditions 
where there is no solar shading the test only contain question Q1, Q2, and Q3. For the 10 remaining 
conditions where the view condition includes a solar shading all the questions are a part of the test. 
After the 12 tests the subjects are given the opportunity to write any additional comments if wanted.  

The layout of the questionnaire as the subjects saw it can be seen in Appendix 8.4 Questionnaire 
demographic information – English. Because the subjects were allowed to both be Danish and English 
speaking the questionnaire was also created in Danish, which can be seen in Appendix 8.7 Questionnaire 
experiment A - Danish.  

Creating the same questionnaire in two languages is difficult, as there is not always a direct translation 
of all words and sayings. Even though the two questionnaires were made so the reader should get the 
same meaning of the questions, it cannot be totally eliminated that there is a small divergence between 
the two languages.  

To test the comprehension of the questions the supervisors of the thesis was a part of approving the 
questions and the translation. Furthermore, a test run of the experiment was made with the supervisors 
as subjects - to make sure the questionnaire matched the experiment procedure.  

 

 



3   Me t hodo l o g y  

46 

 

PROCEDURE 

Experiment A was performed over 3 days with 2 rounds each day, and to make sure all rounds of the 
experiment followed the same procedure a protocol was made. It provided with an overview of the 
different tests, and in which order the different shading conditions should be presented. The exact 
procedure to follow were described as a checklist to ensure consistency. An example of the protocol 
can be found in Appendix 8.10 Protocol example for experiment A. 

Prior to the day of the experiment rounds the subjects received an email with a link to the 
questionnaire. In the morning of the experiment days the two rooms were prepared for the experiment. 
This included covering the lowest part of the windows in both rooms with thin cardboard, so only the 
part of the mockup frames with the slats were visible from inside the room. The tables and chairs were 
placed as shown in the bottom of Figure 15, and on each tables a “X” was made with tape to illustrate 
where the subjects should place their computers. The “X”s were placed 30 cm from the edge of the 
table.  

 

Figure 20: Setup in room 62 and 68 during experiment A. 

The equipment was prepared and tested. To make sure the images were taken at the exact same spot 
each time, the photometers were mounted on tripods which legs’ positions were marked on the floor. 
In Section 3.2.6 Measurements later in the report the equipment used and the setup will be described 
further. Before the arrival of the subjects the first test conditions for each room were prepared by 
installing the relevant slats in the two frames. 

When the subjects arrived, they were asked to place their bags and jackets at some tables placed in the 
hallway outside the two rooms. They were asked to take out their computers and open the 
questionnaire through the received link. Before starting the experiment, the subjects were given an 
introduction with the necessary instructions. To make sure all subjects for all rounds of the experiment 
got the same instructions, the instructions were written in the protocol. The full introduction can be 
found in the protocol example in Appendix 8.10 Protocol example for experiment A. Most importantly 
the subjects were given a number of the table they had to be seated at in both rooms throughout the 
experiment, and they were asked to picture themselves sitting at a work desk in an office during the 
experiment. Furthermore, the subjects were told that the lights were turned off for them to have a 
better view out the window without reflections from the lamps.  
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The experiments started with the subjects sitting at their assigned table in room 68, and they started 
by answering the first part of the questionnaire about demographic information. When all 5 subjects 
finished with the demographic part of the questionnaire, the first test started, and they would answer 
the questions for the first view condition. When the questions had been answered, this took around 2-
3 minutes, the subjects went out to the hallway with their computers. Then images were taken with a 
photometer at each position to document the light conditions during the test. Afterwards the subjects 
were directed into room 62 to answer the questions for test 2 with another view condition, and in that 
way the procedure was repeated for each test. Simultaneously with the images being taken in the 
assessed room, the shading conditions outside were changed to the next test - meanwhile the subjects 
were in the other room. After the first 6 tests, 3 in each room, a break of 10 minutes was scheduled for 
the subjects, and during that time the two frames was switched between the windows in the two 
rooms. After the swop of the frames the last 6 tests were done following the same procedure. Before 
the subjects left, they were given some information about how the form for the economic 
compensation followed by additional questions from the subjects.  

All in all, each round of experiment A took around 1.5 hour, and to execute the experiment at least 
three persons were needed beside the 5 subjects. One to guide the subjects and control the experiment 
from inside, and two outdoors to change the shading conditions between the tests.  

 

3.2.4 EXPERIMENT B 

The aim with experiment A was to test the effect from different solar shading types. With experiment 
B the aim was to test how big an impact it has on the view out if the solar shading can be controlled 
and the angle of the slats can be changed. Therefore, the angle of the solar shading slats was an 
independent variable in experiment B while the solar shading type was kept constant. To investigate 
additional view types with different view contents and view quality rating than those used in 
experiment A, another building was used for experiment B. Thus, building 202 at DTU campus was 
chosen, which is designed with black external controllable venetian blinds on all windows. By that 
another color of the venetian blinds could be investigated as well with experiment B.  

The meeting center in Building 202 was chosen because of its similar room characteristics yet still having 
different views. In the top of Figure 21 a site plan of Building 202 can be seen together with the two 
rooms chosen – room 1013 and 1018.  

The size of the wide window used in both rooms are identical just mirrored. In general, the 
characteristics such as surface colors and materials are identical in the two rooms. The wall towards 
the hallway in room 1018 is a glass wall, where only the door in 1013 towards the hallway is made of 
glass. The two rooms are quite different in size room 1018 is approx. 12 m2 while room 1013 is around 
35 m2, making 1018 representing more a cell office type and 1013 a smaller landscape office. Thus, it 
was chosen to place the tables according to this as seen in the bottom of Figure 21.  
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Figure 21: Top: A site plan and plan drawing of Building 202. Bottom: Illustration of position number, distance, and orientation of the five 
subjects during experiment B in room 1013, 1013 with containers and 1018. 

Because room 1018 could only have room for 2 subjects at a time, and to investigate even more view 
quality ratings, it was chosen to use room 1013 for two view out conditions. This was done by using 
three waste containers and placing them just outside the window to cover the vegetation – this made 
the view quality rating only 2 (on the scale from 1-10). In that way the different view quality ratings 
tested in experiment B became 2, 4 and 5 when calculated using the D&V Analysis Method by Hellinga 
and Hordijk [3]. Thus, from the total 10 different view outs three was rated as 2, three as 4, and four as 
5.  

As in experiment A, 5 subjects were participating at a time. They were split up in the first part of 
experiment B with three in room 1013 with the containers (room 1013+con) placed at position 1, 2 and 
5, and two subjects in 1018 placed at position 3 and 4 – see the bottom of Figure 21. The subjects’ 
positions were with the exact same distance as in experiment A – also illustrated with Figure 21.  For 
the second part of experiment B, all subjects were then together in room 1013 where the waste 
containers were removed, and the vegetation was now uncovered.  

To get an overview of the test environment for the subjects positioned at each position, Figure 22Figure 
16 is showing a picture taken from each position in each room, together with a zoom in on the different 
view out for each position. On the figure the view quality rating (VQR) of each of the view out are also 
given. Large pictures can be seen in Appendix 8.3 View types – Experiment B. 
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Figure 22: An overview of the different test environment and view out from each position in the two rooms used in experiment B. For each 
view the calculated view quality rating (VQR) is given when using the D&V Analysis method [3]. Bigger pictures can be found in Appendix 8.3 

View types – Experiment B. 

The view quality is together with the slat angle of the solar shading condition the independent variables 
in experiment B, thereby, each subject will be exposed to different view conditions. Where each view 
condition is composed of a specific view out and a specific solar shading condition.     

As for experiment A, horizontal slats will have a different effect on the view out for the subjects 
depending on their orientation and distance to the window. This effect is escalated when the angle of 
the slats gets bigger. All shading types used in experiment A had the angle identified as 0o in this thesis. 
For experiment B the slats will also have an angle of 0o when being perpendicular to the windowpane, 
and when the angle increases it means that the slats get tilted more downwards. For experiment B the 
angles 0o, 5o, 15o, 25o, and 35o is assessed as the shading conditions in each test. In Figure 23 the 
different shading conditions tested in every room is pictured.  
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Figure 23: An overview of the different shading conditions seen from each position, which the subjects have been exposed to during 
experiment B. The conditions are shown for room 1013. 

As for experiment A, images were taken with a photometer for each view condition the subjects were 
exposed to. This was done in order to investigate the influence of the photometric parameters. The 
photometric parameters change with the daylight conditions in the room during the different tests, and 
also with the weather on the day of the experiment. Therefore, this experiment was – as experiment A 
– carried out over several days and at different times of those days. Overall, experiment B was carried 
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out 7 times; and for each round of the experiment the independent variables varied for each of the 
solar shading conditions as seen in Table 7. Thus, each of the 5 subjects assessed 12 different view 
conditions in each round of the experiment – 6 different shading conditions for two different view outs. 
In total, 60 different view conditions were assessed during one round of experiment B. 

SOLAR 
SHADING 

CONDITION 

SLAT 
ANGLE 

SLAT  
DIRECTION 

INTER-
RUPTIONS 

POSITION 
 

VIEW OUT 
VIEW 

QUALITY 
RATING 

NO. OF VIEW 
CONDITIONS 

Venetian blinds 
black (EX202) 

1.  0o 
2.  5o 
3.  15o 
4.  25o 
5.  35o 

1. Horizontal (H) 1. Many 5 positions 1.  2 views in  
    room 1018 
2.  3 views  
    in room  
    1013+con 
3.  5 views in  
    room 1013 
 

1. VQR=2 
2. VQR=4 
3. VQR=5 

50 

No shading 
(NO) 

- - - 5 positions 1.  2 views in  
    room 1018 
2.  3 views  
    in room  
    1013+con 
3.  5 views in  
    room 1013 

1. VQR=2 
2. VQR=4 
3. VQR=5 

10 

Table 7: Overview of the changed independent variables for each solar shading condition for each round of experiment B. 

For experiment B there was 2 cancellations, therefore an additional round of the experiment was added 
to get a total of over 30 subjects – in the end the total number was 33 participating individual subjects, 
where 13 of those also participated in experiment A.  

For the different rounds of the experiment the order of the shading conditions was randomized. This 
was done to ensure, that nothing but the designed factors and the random effects could influence the 
subject responses and thereby the results in the end. 

TEST 1 2 3 4 5 6 BREAK 7 8 9 10 11 12 

1 15 o 25 o 35 o 0 o 5 o NO  5 o 0 o NO 35 o 25 o 15 o 

2 0 o 5 o 15 o 25 o 35 o NO  25 o 35 o 0 o 5 o NO 15 o 

3 0 o NO 35 o 25 o 15 o 5 o  5 o 15 o 25 o 35 o NO 0 o 

4 35 o 0 o 5 o NO 15 o 25 o  NO 35 o 25 o 15 o 5 o 0 o 

5 15 o 25 o 35 o NO 0 o 5 o  0 o 5 o NO 15 o 25 o 35 o 

6 35 o 25 o 15 o 5 o 0 o NO  25 o 35 o NO 0 o 5 o 15 o 

7 5 o NO 15 o 25 o 35 o 0 o  25 o 15 o 5 o 0 o NO 35 o 

ROOM 1013+con or 1018  1013 

Table 8: Overview of the randomized order the different shading conditions which were tested in the different parts of experiment B. 
NO=no shading and the degrees are the angle between the slats and the perpendicular line to the windowpane. 

In Table 8 the random orders of the shading conditions can be seen. The randomization had its 
limitations. The control system can only move in linear order, hence, the shading condition was either 
increased or decreased by one step between two tests. Halfway through each round of the experiment 
a 5-minute break was scheduled, where the waste containers could be removed and the subjects in 
room 1018 could move to 1013. 
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QUESTIONNAIRE 

Like experiment A, a questionnaire was used for experiment B, which, in the same way, was constructed 
in two parts – a demographic information part and an assessment part. The demographic information 
part was an exact copy of experiment A – see Figure 18 or Appendix 8.48.4 Questionnaire demographic 
information – English and Appendix 8.58.5 Questionnaire demographic information – Danish. 

The assessment part of the questionnaire was a mix of 4 repeated questions from experiment A and 3 
new. In Figure 24 the questions used can be seen. The questionnaire as it was presented for the subjects 
can be found in Appendix 8.88.8 Questionnaire experiment B – English and Appendix 8.98.9 
Questionnaire experiment B – Danish. Two of the new questions, Q-B5 and Q-B6, were designed to gain 
an insight to when the amount of view out gets unsatisfying low and when the amount of view out feels 
too limited. Q-B7 was asked in the end after all view conditions were assessed to make the subjects 
reflect on them, and by showing the subjects pictures of the different shading conditions they could 
compare them directly.  

 

Figure 24: The questions and answer options for assessment of the view conditions in experiment B. 

Not all questions were asked for all view conditions. For a view condition with no solar shading only 
question Q1, Q2, and Q3 were asked – as in experiment A. For a view condition with the venetian blinds 
at a 0o angle all questions beside Q-B7 were asked. This methodology was chosen to have the same 
questions as in experiment A, in order to use the venetian blinds in black in relation to the other solar 
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shading types. For the rest of the view conditions question Q1, Q2, Q3, Q-B5, and Q-B6 were asked. 
After question Q-B7 in the end the subjects were given the opportunity to add any additional comments 
if relevant.    

As the questionnaire for experiment A, this questionnaire was also made in both Danish and English 
and approved by the supervisors, and a test run was done of experiment B with the supervisors.  

PROCEDURE 

Since the frames and mockups should be constructed before they could be used for experiment A, the 
execution of experiment B was begun before experiment A. The 7 rounds of experiment B were carried 
out on the 25th and 29th of October and the 1st and 22nd of November. To make sure all rounds followed 
the same procedure a protocol was made – as for experiment A. The protocol follows the same 
structure as for the example given in Appendix 8.10 Protocol example for experiment A.    

The procedure prior to the arrival of the subjects followed the same steps as for experiment A with 
email to the subjects, setup of equipment and tables, hereunder the marking of the different positions 
for the subjects’ computers and legs of the tripod. In Figure 25 some pictures can be seen of the 
different rooms with the correct setup. The waste containers used in experiment B were positioned in 
front of the window and the first shading condition was set in both rooms before the arrival of the 
subjects.  

 

Figure 25: Setup in room 1013 and 1018 during experiment B. 

When the subjects arrived, they were asked to place their bags and jackets at the tables in the right 
side of room 1013, whereafter they were given some general information and necessary instructions – 
as in experiment A.  The full introduction is written in the protocol. The most important points are that 
the subjects each were given a table number, and they were asked to picture themselves sitting at a 
work desk in an office during the experiment. Furthermore, they were told that the lights were turned 
off for them to have a better view out the window without reflections from the lamps. Then the subjects 
were given position 1, 2 and 5 stayed in room 1013, and the subjects to be positioned at number 3 and 
4 were told to bring their computers and were then escorted into room 1018.  

When seated the subjects in both rooms were asked to open the questionnaire through the received 
link, and to start answering the demographic information part of the questionnaire. When all subjects 
finished with the first part of the questionaire, the first actual test was started simultaneously in both 
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rooms, where the subjects answered the questions for the first view condition. When all subjects were 
done, this took around 2 minutes, they were told to leave their computers at the position and go out 
at the hallway to wait, while an image was taken with a photometer at each position. The shading 
condition was then changed to the next position, and the subjects were invited back into the room to 
assess the new view condition. The procedure was repeated like this for the 6 different view conditions 
in each room. Followed by a 5-minute break where the waste containers were removed, and the first 
shading condition for room 1013 without containers was set. After the break all subjects found their 
position in room 1013 now with a better view out, and the assessment of the view condition was 
started. The same procedure was again repeated 6 times for the new view out. For the last test the 
subjects answered the last summarizing question and wrote their comments if relevant. Before the 
subjects left, they were given information about the form for the economic compensation followed by 
any additional questions from the subjects.  

Overall, each round of experiment B took around 1 hour to execute. For the execution of the 
experiment two persons were needed beside the 5 subjects. One in each room to guide the subjects, 
control the experiment, and to take the photos after each test.  

3.2.5 OVERVIEW OF VARIABLES IN EXPERIMENTS 

The two experiments did together provide subjective assessments of different aspects of the three 
hypotheses, and the data gathered from the two experiments was used as one total dataset to 
investigate the hypotheses. In this section an overview of the different independent variables has been 
provided.  

VIEW OUT 

For the sake of clarity, the main view outs from each of the used rooms in the two experiments are 
shown in Figure 26 for comparison. From room 62 and 68 used in experiment A all layers are visible – 
ground, nearby and distant content, and the sky. The main distinguishing factors are the main character 
of the view out – in 62 the view has a landscape character while in 68 it is a built view character. For 
the view out in room 1013 and 1018 used in experiment B, the main distinguishing factors are here the 
layers visible while both view outs are having a built view character clearly dominated by buildings.    

 

Figure 26: The view out from the rooms used in the two experiments. Room 62 and 68 used in experiment A and room 1013 and 1018 in 
experiment B, where also waste containers were used to cover the vegetation on the ground for the view out in room 1013.  
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In room 62 the main part of the view out consists of greenery, where parked cars are in the left side of 
the view out. For the subjects at position 1 and 2 in the left side of the room, the cars will only be in the 
perimeter of the visual field. Where for the subjects at position 3 and 4 in the right side the cars will be 
closer to the center of the visual field. In that way the view quality rating (VQR) decreases from 8 to 5 
for position 3 and 4, when using the D&V Analysis Method by Hellinga and Hordijk [3] (see Figure 7). 

The built view out for room 68 is most dominating for the subjects at position 3 and 4, where the view 
gets dominated by the neighbor building with a simple architecture giving a VQR at 4. The view out for 
the subjects placed at position 1, 2, and 5 is not dominated by the building, making the VQR at 5.   

The view out in room 1013 was used two times during experiment B, first with modification by the 
waste container and afterwards without modifications. The built charactered view out in room 1013 is 
dominated by the opposite building of simple architecture, which causes the sky to be covered. Thereby 
only the ground and nearby content layers are visible from position 1, 2, and 5 giving a VQR at 4 for 
room 1013 without modifications. For the subjects at position 3 and 4 also distant content can be seen, 
which adds a point to the VQR. When the three waste containers were placed in front of the window 
the greenery was covered making the VQR decrease to 2 for position 1, 2, and 5.  

The view out in room 1018 also has a built view character with greenery dominated by a building, but 
here the building is of complex architecture. This has a positive impact on a view according to the D&V 
Analysis Method [3] giving a VQR at 5, sine only the ground and nearby content are visible.     

SOLAR SHADING CONDITION  

Two aspects of solar shading have been hypothesized in this thesis – types in general and 
characteristics. The different solar shading types assessed in the two experiments are the two existing 
venetian blinds in grey and black, and the four types made as mockups – big horizontal slats, small 
horizontal slats, big vertical slats, and small vertical slats. All these are viewed in Figure 27.  

 

Figure 27: The 6 different solar shading types. 
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The mockup of the small horizontal slats is included as a reference for the reliability of the mockups. 
This can be compared with the existing venetian blinds to see the degree of correlation. Since the color 
of those three are different (grey, dark grey, and black) the impact of the color can be investigated as 
well.  

With the mockups the solar shading characteristics hypothesized, other than the color, are the slat 
direction and the amount of interruptions caused by the solar shading. Additional to this the angle of 
the slats have been assessed by using the existing venetian blinds in black. The different slat angels 
assessed can be seen in Figure 28.  

 

Figure 28: The different slat angles assessed by using the black existing venetian blinds. The angles are given as the angle between the 
windowpane and its perpendicular line. An increase in the angle means the slats are pointing more downwards.   

With an increase in the angle the slats are pointing more towards the ground, and thereby the top of 
the view out gets more and more covered with the increase of the angle. When the other solar shading 
types are assessed the angle of the slats is always 0o.  

TIME OF DAY AND WEATHER 

The impact from the photometric values was as well wished to investigate. The photometric measures 
are changing with the daylight level of the day affected by the sky conditions, together with the solar 
shading conditions. In order to have assessments of the different view conditions under different 
daylight, sky, and weather conditions, the experiments were conducted at different dates and different 
times of the day. To provide an overview of the experiment dates which experiments were conducted 
Table 9 was made. Here the dates where experiments were conducted can be found, and which time 
of day the different rounds were conducted.  

 Oct 25th Oct 29th Nov 1st Nov 4th Nov 5th Nov 6th Nov 22nd 

FORENOON Exp B   
 Exp A Exp A Exp A Exp B 

AFTERNOON Exp B  Exp B Exp A Exp A Exp A  

LATE 
AFTERNOON 

Exp B Exp B Exp B     

WEATHER 
COMMENTS 

Blue sky 
with many 

clouds 

Clear blue 
sky and sun 

Grey 
overcast sky 

Overcast 
sky and a bit 

rain 

Light 
overcast sky 
with sun at 

the end 

Overcast 
sky which 
increased  

Blue sky 

Table 9: Overview of which dates and time of the day the two experiments were conducted. Supplied with comments on how the weather 
was during the experiments on each date. 
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During the first three dates of experiment B, it was found that since it was during fall the daylight levels 
during the late afternoon became quite low in room 1013 and 1018, due to the surrounding shading 
buildings. When the clock shifted to wintertime on the 31st of October it became too early dark to be 
able to conduct experiment A during the late afternoon, hence this was only conducted before and 
after noon. 

On the 25th of October the weather was quickly shifting during the experiment round, due to the many 
small clouds on the sky that day. Otherwise, the weather was in general quite steady during the 
experiment rounds.   

In the late afternoon the 29th of October, the sky was clear and the sun was setting during the 
experiment, thus the sun was low on the sky and was reflected in the opposite building. This was causing 
some reflected glare situations for some of the subjects.  

3.2.6 MEASUREMENTS 

For both experiments the same measurements have been made and with the same equipment. Two 
types of measurements have been made – indoor environment and photometric. With the 
measurements, the independent variable local contrast could be mapped out during the experiments, 
and the influence from the different confounding variables could be investigated.  

PHOTOMETRICS 

To gather data for the different photometric parameters describing the light conditions during the 
experiments, images were taken with a photometer for each subject position directly after the 
assessment of all view conditions. Since two rooms were in use at the same time during the experiments 
two photometers were needed. Only one true photometer was available at the International Centre for 
Indoor Environment and Energy at DTU. A LMK luminance measuring photometer with an fish eye lens 
which gives a 180° circular image – matching the visual field of a human. 

For the other photometer a Canon Digital Single-lens Reflex (DSLR) camera with a fisheye lens was used, 
from which the images were calibrated as described in Section 3.3Quantification. Even though the 
Canon camera is not a real photometer it is called a photometer in this report.  

Since the images are a documentation of the lighting conditions the subjects were exposed to during 
each test, the images were taken at eye level height at the positions where the subjects were seated.   

From the images taken with the photometers the parameters in Table 10 were calculated using 
Radiance and evalglare [1] – the full processing procedure of the images is described in Section 3.3 
Quantification. In Table 10 a description of what the photometric parameters are and what they mean 
in relation to the subjects.   

BS_No 
Number of bright 
spots 

A bright spot is a pixel in the image which luminance level is above 2000 
cd/m2, and this parameter is then the number of pixels in the image 
above this threshold. Normally this is also called the luminance glare 
sources Ls when working with Radiance and evalglare [1]. 
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BS_Sum_L 
Summation of the 
luminance of all 
bright spots 

The images represent the visual field, and the summation of the 
luminance levels from all the bright spots gives an idea of the brightness 
intensity that the eyes are exposed to.  

BS_Avg_L 
The average 
luminance of all 
bright spots 

The average luminance of the bright spots (if any) says something about 
how much above the threshold of the 2000 cd/m2 the bright spots are. 
Thereby telling how bright the brightest spots were which the subject 
was exposed to during a test.  

BS_Max_L 
Maximum 
luminance of the 
brightest spot  

This value is the absolute highest luminance level the eyes are exposed 
to during each test.  

BG_L 
Luminance level of 
the background 

The mathematical average of the luminance of every pixel which is not 
a bright spot. Because the eye adapts to light levels, and the perception 
of glare depends on the levels of the surrounding areas of a glary source, 
the background level can say something about what luminance level the 
eye is adapted to.    

Avg_L Average luminance 
The average luminance of all pixels in the image. This parameter is an 
indicator of how bright the scene in general was for the subject during 
the test.  

BS_E 
Illuminance of  
bright spots   

 

This parameter is the direct vertical illuminance at the subject’s eyes 
provided by all the bright spots – hence this is a summation in lux. Given 
as Ed by evalglare.   
 

Vert_E 
The vertical 
illuminance at      
eye level 

The illuminance level at the vertical surface of the photometer which 
can be translated to be the subject’s eyes. This parameter can also be 
known as Ev. This parameter can be seen as an indicator of the 
illuminance level the eye is adapted to.   
 

DGP 
Daylight glare 
probability 

This value is calculated using Equation 1, and describes the probability 
of the subject being disturbed by glare in the visual field.  

GI Glare impact 
This value is calculated using Equation 2. It is an indicator of how big an 
impact the bright spots have on the visual field of the subjects. Here the 
eye adaptation has been neglected.  

GC_Sum 
The global contrast 
between BS_Sum_L  
and BG_L 

 

The global contrast in the image is an indicator of the relation between 
the luminances of the bright spots and the background luminance level, 
which the eye is exposed to. This contrast is calculated as the summation 
of the luminance levels of the bright spots divided by the average 
luminance of the background. Calculated as BS_Sum_L / BG_L 
 

GC_Avg 
The global contrast 
between BS_Avg_L   
and BG_L 

 

This global contrast is a ratio between the average luminance level of 
the bright spots in the image and the average luminance level of the 
background. It is calculated as (BS_Sum_L / BS_No) / BG_L. Meaning 
that if there are no bright spots in the field of view this contrast will be 
0.  
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LC 
Local achromatic 
contrast  

 

The local contrast is calculated with the algorithm for RAMMG contrast 
(see Figure 8). It is an indicator for how the daylight conditions of the 
view is perceived. The RAMMG contrast will increase when the contrast 
between neighboring pixels in different areas of the visual field (the 
image) will increase.   
 

Comp Visual complexity 

 

The visual complexity is found using Equation 3 giving the RMS of the 
image. If the content of the visual field increases in number of objects 
visible the complexity will increase.   
 

Table 10: A list of all the photometric parameters with a description of each. 

The processing of the images order to get the data is complex. Therefore, it was decided to make 
measurements of the illuminance levels in the rooms during the experiments if the processing of the 
images should fail. Both horizontal and vertical illuminance levels were measured. The horizontal 
illuminance was measured in the center of all the tables. The vertical illuminances measured were the 
illuminance coming through the window measured on the inside of the windowpane and at the vertical 
illuminance at eye level (Vert_E) for each position in each test.  

Since the image processing succeeded, only the measured Vert_E was used to compare with the data 
given by the images. This was done in order to make sure that the data from the images were correct 
and thereby in the same range as the measured illuminance levels.  

INDOOR ENVIRONMENT 

To monitor the nuisance from the indoor environment through the rounds of the experiments, the 
parameters air temperature, relative humidity, and CO2 concentration of the air in the room were 
chosen as indicators. The air temperature and the relative humidity of the air (RH) were measured using 
the Onset HOBO data logger, with an accuracy of ±0.53°C from 0-50°C and ±3.5% RH from 25-85% RH 
over the range of 15-45°C [36]. The CO2 concentration was measured using the VAISALA CMD20 CO2 
monitor with an accuracy of ±2% in the range from 0-2000 ppm [37].  

The equipment was placed at the wall in a height of approx. 1 m near the occupied zone in the rooms.  
The parameters were measured and logged each 10 seconds, except for the first day of experiment B 
on the 25th of October, where the data was measured each 60 seconds.    

MEASUREMENT SETUP 

In the beginning of each day of the experiments all the equipment was setup and the stationary 
measurements – all besides the photometers and the luxmeters measuring Vert_E, was positioned as 
Figure 29 illustrates for each room.  

On Figure 30 it can be seen how the HOBO and VAISALA measuring the indoor environment were 
installed on a wooden plate. The luxmeter measuring the horizontal illuminance level was placed in the 
middle of the table, out of reach from the shadow angles from the subjects’ computers. The luxmeters 
measuring the outdoor illuminance level were taped to the windowpane to make sure the sensor did 
not move.    
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Figure 29: Measure points in each room for the different measurement types. 

Because the photometers had to be used at different positions, they were mounted on a tripod for 
them to be easy maneuverable in the rooms. Together with the photometer a luxmeter was attached 
to the photometers as seen on Figure 30. The luxmeters were placed with the sensor in the same 
direction and as near to the lens as possible, so the two measurements of Vert_E would be comparable.  

 

Figure 30: Photos of the equipment. From left: LMK photometer with luxmeter, Canon photometer with luxmeter, vertical illuminance 
luxmeter in window, horizontal luminance luxmeter at table, and HOBO together with VAISALA indoor measurement station. 

On the photos to the left of the photometers, the computers used to control and manage the 
photometers can be seen. The cables for the two photometers were in different length, and because 
the LMK photometer needs a power cable it has two cables. This made the setup of the two 
photometers different. For the LMK camera the cables were relatively long, so the computer could be 



3   Me t hodo l o g y  

61 

 

placed in the corner of the rooms, while the tripod could still reach the opposite corner. For the Canon 
photometer the cable is very short, therefore the computer had to be hold and moved around with the 
tripod to be able to take the images at the different positions. This also made battery lifetime important 
during the experiments.   

3.3 QUANTIFICATION OF PHOTOMETRICS 

The HDR luminance images taken with the light measuring video photometer LMK were captured using 
the standard monochrome function in Labsoft [38], which is the processing software for LMK by 
TechnoTeam. To process the images the software Radiance was used, and for Radiance to read the 
images they had to be converted to the Radiance PIC file format 18 using a tool called pftopic [39].  

The HDR images were processed further using several Radiance tools [40]. They were reprojected from 
their original equi-solid angle to an equi-angle projection using pcomb and reduced to a resolution of 
1200x1200 pixels using pfilt [40]. The images were then processed with Evalglare v. 2.09 to calculate 
the parameters vertical eye illuminance Ev (Vert_E), the luminance of glare sources Ls, the solid angle 
subtended of the glare source ωs and the position index P [1].  

A calibrated canon EOS 5D Mark II camera with an 8mm Sigma f/3.5 fisheye lens was used to take multi-
exposure LDR images. The camera was set up using “qDslrDashboard” software to take 15 JPG images 
at different exposure times. To get these LDR images ready to be used in Radiance they were converted 
into HDR images using HDRgen [41]. 

The calibration was done through a step by step procedure following the tutorial Luminance Maps for 
Daylighting Studies from High Dynamic Range Photography by Pierson et al. [42] and the procedures 
investigated by Kjeldsen [43]. The calibration procedure was done in seven main steps: merging of 
exposures, luminous range, actual field-of-view, projection, Vignetting, filter correction, and luminance 
scale.     

The converted and calibrated HDR images were then reprojected and resized with Radiance as the LMK 
images and processed with evalglare v. 2.09 to get the parameters.     

Due to the complicated processing procedure for the canon images, some of the images and by that 
some of the data were lost. In total for both LMK and Canon 749 images were the taken, and from those 
107 images were lost.  

To calculate the local contrast RAMMG and the chromatic complexity are calculated a Matlab code was 
used – see Appendix 8.12 Matlab code for RAMMG and 8.13 Matlab code for complexity . For 25 of the 
images the contrast and complexity could not me calculated.  

By that the dataset for the photometric parameters ended up having 617 observations.  
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3.4 ANALYSIS METHODOLOGY 

In this section the selected methods for processing and analyzing the data is described. All data analysis 
is executed in the statistical computing software R [44] and the package lme4 [45] for linear mixed 
effects analysis. The produced code can be found in Appendix 8.22 R code for linear mixed effects 
models and ANOVA. 

3.4.1 HANDLING OF DATA 

The data collected from the experiments and used for analyses have various forms and properties. One 
way to categorize them is by type of variable. First and foremost, there are the independent variables 
view out and solar shading conditions which the dependent variable, being the subjective responses, is 
affected by. The independent variables can be broken down and separated into several different 
explanatory variables [46], such as view quality rating for view out and slat angle and slat direction for 
solar shading type. Furthermore, the identified photometric parameters can also be categorized as 
explanatory variables, as they might be able to explain some of the variation of the dependent variable.  

When the view conditions are changed during the experiment, meaning the explanatory variables are 
adjusted, the subjective responses are collected from the participants through their answers on the 
questionnaire. The aim of the data analysis is to determine which explanatory variables are statistically 
significant for the subject responses and what nature the relation between the explanatory variables 
and the subjective responses have.  

Other variables can also influence the subjective responses, such as confounding and nuisance 
variables. These varies from uncontrolled differences in physical surroundings and in indoor 
environment (rooms not being entirely similar) to demographic factors such as age, gender and mood 
when conducting the experiments, as well as profession and knowledge within the subject. The 
influence of them is minimized by including them as control variables in the analysis and thereby being 
able to correct for their potential effect. Figure 31 gives an overview of how the mentioned variables 
relates to each other.  

 

Figure 31: Overview of variables 
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The types of data included in the different variables are both numerical and categorical. The majority 
of subjective responses are numerical though limited to an interval between 0 and 100, but the 
subjective responses for Q-A5 (see Figure 19Figure 19) are of a categorical nature. For the explanatory 
variables, there are also both numerical and categorical data. The photometric measurements are all 
numerical, while shading types and their different properties are categorized. The categorical data 
results in some potential restraints for the statistical processing as it can add complexity to the 
mathematical models. To minimize complexity, the models are simplified by defining three different 
hypotheses used to investigate the different explanatory variables instead of investigating them all at 
once.  

OUTLIERS  

As a first step in the data processing, the raw data has been explored by quick graphs and histograms 
to learn how the measurements are distributed and to see if any tendencies could be spotted 
immediately. Furthermore, it has been investigated whether any data appears odd or extreme. During 
this investigation, the subjective responses for 1 subject has stood out, as the answers seems 
incoherent and extreme in both ends of the scale, therefore the answers were determined to be 
outliers and have been discarded.  

3.4.2 LINEAR MIXED EFFECTS MODELS 

One method for investigating the relationship between the explanatory variables and the subjective 
responses is through linear regression, but this requires the data to be independent. The subject 
responses include repeated measurements, as each subject have submitted several responses and the 
multiple responses from the same subject cannot be said to be independent from each other, hence 
violating the assumption of independence. To handle this, linear mixed effect models are used for the 
analysis.  

A linear mixed effect model consists of three types of variables: the dependent variable, which is the 
variable sought to be predicted or explained by the model, and the fixed and random effects. It has the 
form: 

Response ~ fixed effects + (1|Random effect) + ε 

In this thesis, the response is the collected subjective responses, for example the answers to Q1: “How 
will you assess the view?”. The fixed effects are either explanatory variables or control variables and 
the random effect is for subject, accounting for the within-subject dependence. The ε is an error term 
which represents the deviations from the model, caused by factors not explained by the model i.e., 
outside of the experimental control [47]. This unexplained variation is minimized when the fitness of 
the model is increased by implementing the best suited effects to the model.  

The random effect of subject takes into account by-subject variation, meaning the variation in 
subjective responses between subjects. This gives a random intercept model, as by adding a random 
effect for subject, a random intercept is calculated for each subject, giving them all an individual 
baseline level. Thus, the estimated intercept of the model is based on the mean of the random 
intercepts for the subjects.  
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The model could be further developed to be a random slope, hence having an individual slope for each 
subject. However, this also adds complexity to the models, which is hard to handle with size of our 
dataset without running into numerical problems. Therefore, it is chosen to only look at random 
intercept models in this thesis. 

To investigate the plausibility of the three stated hypotheses, a linear mixed effect model is developed 
for each hypothesis. The development of the models involves selecting which fixed effects to include in 
each. The starting point of this is to select those explanatory variables which are central to the 
respective hypothesis and then adding extra fixed effects by forward selection to achieve models with 
the best possible fit. The forward selection is done by comparing values for the Akaike Information 
criterion (AIC) of a model with and with and without a given variable. The AIC is a measure for how well 
a model fits the data it is generated from, it is based on the log-likelihood, but with a penalty for number 
of variables, as adding a variable as a rule will improve the fit [48]. Thus, the smaller the AIC score, the 
better the fit of the model is. The AIC score is relative and best used for comparing models. In this 
thesis, forward selection is conducted until the difference in AIC value for two models is 2 or smaller.   

To be able to compare the AIC value of two models, the models need to be based on the same set of 
data i.e., have concordant observations, otherwise the basis of the comparison will be off. Therefore, 
all rows in the dataset where a variable is missing a datapoint, so all variables have the same number 
of observations.  

When a complete mixed effect linear model is developed for a hypothesis, the next step is to look into 
the magnitude and operational sign of the intercept as well as the coefficients of each fixed effect, 
which describes the relationship between the fixed effect and the subjective response.  

The intercept describes the predicted subjective response when all fixed effects are set to 0 (and/or a 
given categorical value), but this rarely very informative, as the model only can be considered reliable 
within the range of the data used for developing the model and 0 is outside of the range of several of 
the variables.  

Beside the intercept, a coefficient is given for each fixed effect. If the fixed effect is a categorical 
variable, a coefficient is given for each category. The coefficient is the fixed effects’ contribution to the 
slope of the model. The sign of the coefficient tells whether the variables effect on the subjective 
response is positive (subjective response increases when the fixed effect increases) or negative 
(subjective response decreases when fixed effect increases). The magnitude of the coefficient, together 
with the range of the variable, indicates how big the influence of the effect is.  

ASSUMPTIONS OF LINEAR MODELS 

Linear models are based on several assumptions and they can only be considered reliable if these 
assumptions are satisfied. The assumptions are [49]:  
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It should be tested if the developed linear mixed effects models satisfy these assumptions, however it 
has not been possible to do so due to time restraints. It will be done after the hand-in of this thesis.  

3.4.3 TEST OF HYPOTHESES 

To test if the three stated hypotheses can be accepted as well as investigate which explanatory variables 
are statistically significant for each hypothesis, analysis of variance (ANOVA) is used. It entails 
performing a Likelihood Ratio Test where the likelihood of two models are compared. The models used 
for this comparison differs regarding fixed effects; a reduced model is defined without the variable to 
be tested and a full model with the variable. If the difference between the likelihood of the two models 
is significant, the variable is statistically significant [47] and the related alternative hypothesis can be 
accepted.  

The statistically significance is determined by whether the p-value of the ANOVA is below the selected 
significance level of 5%, meaning there is less than a 5% probability that the difference between the 
models is due to chance. The p-value is found by the chi-square values and degrees of freedom for the 
models.  

In the following chapter of results the findings of the described analysis methods will be presented and 
explored.   

 

LINEARITY : The relationship between the subject responses and the fixed effects are linear 

ABSENCE OF COLLINEARITY : Fixed effects are not correlated with each other 

HOMOSCEDASTICITY : The variance of the residuals are equal for all predicted values 

NORMALITY : The residuals are normally distributed 

INDEPENDENCE : Observations within a variable are independent of each other 
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4 RESULTS 
In this chapter the results accumulated in the user assessment experiments will be presented. The 
subjective responses will be presented for each of the three raised hypotheses which is followed with 
the results found when testing the hypotheses.    

4.1 DEMOGRAPHIC INFORMATION 

At the start of every round of experiment each subject was asked to answer the questions about 
demographic information mentioned in section 3.2 Experimental design. The questions can be divided 
into categories of personal information and well-being. All the responses to all the questions can be 
found in Appendix 8.14 Demographic information.   

In total 64 subject responses have been accumulated by 51 subjects in total where 13 were repeaters 
for experiment B. The questionnaire could be answered in either Danish or English, and the distribution 
of the subject responses ended being 23% in Danish and 77% in English for experiment A and 41% in 
Danish and 59% in English for experiment B.   

To show the distribution and frequency for the assessment responses for the different categories in 
each question, violin plots have been made and can be found in Appendix 8.15 Demographic 
information influence analysis. This was done to investigate and predict any impacts from the 
confounding variables.  

4.1.1 PERSONAL INFORMATION 

Due to the experiments taking place at campus of The Danish Technical University (DTU) and the 
subjects were found using flyers distributed on campus and on the social medias of DTU, the age 
distribution of the subjects was low with the age being between 20-29 years for the majority of the 
subjects. The sex of the subjects was represented as 45% female, 53% male, and 2% other.  

The subjects were asked about their eyes and for 64% of the subject responses the subject were either 
using glasses or contact lenses, where the majority of those responded to be nearsighted. Only one 
subject was colorblind (red/green). The subjects were asked if they considered themselves as being 
sensitive to bright light, and the distribution of the responses can be seen on the right side of Figure 
32. Half of the subject responses were no, but approx. 30% found themselves being sensitive.  
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Figure 32: Distribution of responses for demographic questions about sensitivity to bright light and experience in the building industry. 

Since nearly all subjects have a relation to DTU, and by that could know about civil engineering, they 
were asked about their experience within the building industry. This was done to get an idea of how 
many of the subjects could be biased due to knowledge within daylight and solar shading systems. The 
distribution showed, as seen on Figure 32, that around 56% had under 1 year of experience where 34% 
had over 3 years of experience, and with the rest divided in between. 

In Appendix 8.15 Demographic information influence analysis the violin plot of the response distribution 
for question Q1: Assessment of view and Q3: Satisfaction with view for each group of experience level 
can be found. It shows that the more experience the subjects have within the building industry the 
more widely spread the responses are to Q1 and Q3.   

The violin plots also shows that whether the subjects are colorblind or not are showing that it could 
have an influence on the answers on the responses to Q1 and Q3 – though, only one subject is 
colorblind so this result cannot be givien too much weight. Furthermore, it could also be that this 
subject have mistaken the positive and negative end of the scale. Whether the subjects are left or right 
handed also shows to have an effect on how the subjects responses to Q1 and Q3, which was more 
unexpected. The subjects stating themselves as left or both handed tend to answer a bit more critical 
than the right handed – according to these results. But again, the groups of left and both handed are 
together representing only 4% of all subject responses.   

Beside the above mentioned the rest of the violin plots shows that the other diversity within the 
subjects does not indicate to have an influence on their responses to the questionnaires in the 
experiments. 

4.1.2 WELL-BEING 

How the subjects are feeling in their body and mood on the day of answering a questionnaire can affect 
the way they answer – especially when they have to concentrate over a longer period or having to 
assess something. Therefore, the subjects were asked different questions about their well-being, from 
which the responses can be seen on Figure 33 and Figure 34. In general, the physical well-being and 
mood of  the subjects were in the positive end of the scale, and only one subject was feeling physically 
bad at the time of participation. Even though the majority of the subject responses are in the positive 
end of the scale it can still affect the responses if the subjects are only feeling okay.  

19
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Yes

No
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36

4
2

22

HOW MUCH EXPERIENCE DO YOU HAVE 
WITHIN THE BUILDING INDUSTRY? 

(Both work and studies included)

Under 1 year

1-2 years

2-3 years

Over 3 years



4   Re s u l t s  

68 

 

 

Figure 33: Distribution of responses for demographic questions about physical well-being and mood of the day. 

By looking at the violin plots in Appendix 8.15 Demographic information influence analysis the influence 
can be investigated. It shows that, regarding the physical condition the subjects feeling excellent and 
good are having the same response distribution, and for those only feeling physically okay there is an 
indicating tendency to answer a bit more critical. For those subjects being in an excellent mood they 
tend to answer more positive than the rest, and those being in a good or okay mood have a more similar 
response distribution.  

Figure 34 shows the distribution of how the subjects responded when asked how their eyes felt on the 
day of the experiment. The majority responded good, and approx. 20% had eyes feeling a little irritated.  

 

Figure 34: Distribution of responses for demographic questions about tiredness and the daily form of the eyes. 

It is more critical when looking at the distribution in the responses for tiredness, here 50% of the 
responses is a bit tired or tired. The tiredness can affect the concentration of the subjects, and because 
there is a lot of repetition in the questionnaires it can be feared that the subjects answers randomly 
because the concentration is lost. The exploration done with the violin plots have indicated that overall, 
the response distributions are having the same tendencies. There is a slightly broader response 
frequency for the top assessment for those subjects not being tired, but not enough to say that their 
subjective responses are influenced.  
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4.2 CHECK FOR CONFOUNDING PARAMETERS 

During the experiments it was the aim to have an indoor environment which would not interfere with 
the responses on the questionnaire. Furthermore, it was aimed to keep glare to a minimum for the 
subjects to assess the view and the solar shading without any disturbance or annoyance from glare. To 
check for these confounding parameters, they have each been assessed by looking at the progression 
in the values over the different rounds of the two experiments.  

4.2.1 INDOOR ENVIRONMENT 

For the control of the indoor environment the Onset HOBO data logger and the VAISALA CO2 monitor 
were used to measure the air temperature, the relative humidity of the air, and the CO2 concentration 
of the air in the room. The mean, minimum, and maximum measurements from each round of 
experiments done can be found in Table 25 in Appendix 8.16 Indoor environment measurements.  

When comparing the measurements to the requirements for each of the parameters in DS/EN 
16798:2019 [50] given in Appendix 8.17 Indoor environment requirements, it is seen that all the 
measurements complies with the requirements for indoor environment category II, which is equal to a 
normal level. The two rounds where the indoor environment quality is the lowest, are round 1 for the 
CO2 concentration and round 13 for the air temperature – both for experiment B in room 1018. The 
progress of the parameters over time have been illustrated in the graphs in Figure 55 and Figure 56 in 
Appendix 8.16 Indoor environment measurements. The measurements for the other rounds of 
experiments shows similar tendencies in the progress.  

One thing is the measurements, but since it is known that the human perception of the indoor 
environment is very subjective, all the subjects have been asked how their perception of the indoor 
environment was during the experiments. As the indoor environment covers more than the thermal 
environment and the air quality, they were asked to also take noise and smell into account – the 
responses for each round of experiments can be seen in Figure 35.  

 

Figure 35: The subject responses of acceptability of the indoor environment answered on an acceptability scale from 0-100, for each round 
of experiment. Round 7-12 are different rounds of experiment A and round 1-6 + round 13 are rounds of experiment B.  
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The responses for the subjective assessment of the indoor environment shows that the main part of 
the responses is between 70-100 on an acceptability scale going from 0-100 – where 0 means clearly 
unacceptable and 100 clearly acceptable. 7 out of 64 responses are below 50 and are therefore 
perceiving the indoor climate to be in the unacceptable end of the scale. It was expected that some of 
the subjects are more sensitive and therefore will rate the indoor climate on the lower end of the scale, 
or it can be because some of the subjects were foreigners and still not used to the Danish climate. For 
the lowest responses it is suspected that those subjects have swoped the positive and negative end of 
the scale by mistake, due to the choices made when constructing the questionnaire as described earlier.  

4.2.2 GLARE 

The daylight glare probability (DGP) is used to get an overview of how many glary situations there have 
been during the experiments. The DGP has been calculated from the data given by the processing of 
the photometer images (see section 3.3 Quantification), which were taken for each position of the 
subjects for every condition they have been exposed to.  

 

Figure 36: The frequency of the different ranges of daylight glare probability calculated for all rounds of both experiments. 

Figure 36 shows that the majority of the DGP is in the range between 0-0.05 and that no DGP values 
are above 0.25. For the human eye to notice any glare the DGP must be above 0.35 (see Table 1: DGP 
range values for different perceptions of glare (table E.1 in [4]).under 0 Hence, to ensure contact to the 
outside from inside a building it is important that the available view openings have an uninterrupted 
area as a minimum corresponding to the foveal vision. However, the visual comfort is affected by 
various factors, beside the available view amount, which will be elaborated in the next section.   

Visual comfort). This strongly indicates that glare did not have an impact on the subject responses to 
the questionnaires for the experiments.  

It should be mentioned that all the DGP values shown are calculated using the equation described in 
section 0 Hence, to ensure contact to the outside from inside a building it is important that the available 
view openings have an uninterrupted area as a minimum corresponding to the foveal vision. However, 
the visual comfort is affected by various factors, beside the available view amount, which will be 
elaborated in the next section.   
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Visual comfort. These DGP values are only defined for values >0.2 or vertical illuminance >380 lux [18], 
and for values below a correction for low light should be made [51]. Because this correction will only 
make the DGP levels even lower it has been chosen to disregard it. 

4.3 DISTRIBUTION OF PHOTOMETRIC DATA 

Since all the rounds of the experiments took place during fall in the period from 25th of October to 22nd 
of November the amount of daylight was limited. That is also the reason for the low range of the DGP 
values in Figure 36. The same tendency in general applies to all the photometric parameters given by 
the photometer images. In Appendix 8.18 Photometric parameters violin plots of all parameters can be 
found. The violin plots all show a high frequency for the very low values and then the frequency quickly 
drops when the values get higher – especially the parameters regarding the bright spots in the images.  

Because of the season a lot of the rounds of experiments were performed with a grey overcast sky. Had 
some of the rounds been performed with a clear sky on a sunny day the values would have had a higher 
frequency for the higher value ranges.   

The data for the photometric parameters have a very unsymmetrical right-skewed distribution due to 
the majority of observations having very low values. To make the distribution more symmetrical, 
logarithmic transformation is used by taking the natural logarithm to all photometric values. This is also 
done for the ages of the subjects as they have a similar right-skewed distribution. Figure 37 shows the 
effects of the logarithmic transformation on the distribution selected photometric parameters.  

 

Figure 37: Distribution of photometric data with and without logarithmic transformation 
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For most photometric parameters, such as the background luminance, the transformation makes it 
much more symmetrical distributed, however for some photometric parameters, the transformation 
For most photometric parameters, such as the background luminance, the transformation makes it 
much more symmetrically distributed, however for some photometric parameters, the transformation 
does not make much of a difference, as seen for Glare Impact, though a small improvement can be 
seen. In Appendix 8.20 Distribution of photometric data, a full overview of the results of the distribution, 
both with and without the logarithmic transformation, can be seen.  

The log transformation also makes the values less scattered and decreases their magnitude, thus 
reducing the influence of extreme values. 

4.4 SUBJECTIVE RESPONSES 

In this section the subjective responses of the different questions in the questionnaire will be presented 
in relation to each of the three hypotheses. Later in the following Section 4.5 Test of hypotheses the 
observations made will be tested for statistical significance.   

The three questions Q1, Q2, and Q3 were asked for all view conditions in both experiments. They were 
chosen as a part of the questionnaire, to see if the answering perspective had an influence on how the 
subjects assessed the different view conditions they were exposed to.  

 

In Appendix 8.19 Correlation between Q1, Q2 and Q3 a matrix of scatterplots has been made to see the 
correlation between the responses for the three questions. All three questions are showing a clear 
correlation. Yet Q1 and Q3 are the two with the biggest scatter, where Q2 is showing stronger 
correlations with both Q1 and Q3 separately. Due to this observation, it has been chosen to leave Q2 
out from the rest of the result section, since it will now provide new findings.   

4.4.1 HYPOTHESIS 1: VIEW OUT QUALITY 

With hypothesis 1 it is hypothesized whether the view out quality affects the perception of the view 
out. The view out quality is broken down into the independent variables view quality rating (VQR) found 
using the D&V Analysis Method [3] and the view access.  
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The view access is represented by the position of the subjects during the experiments, where the 
subject were placed at 5 different positions, with three different distances and two different 
orientations, as seen on Figure 15 and Figure 21. The subjects at position 1 and 3 (P1 and P3) had 1 m 
to the windowpane, and those at position 2 and 4 (P2 and P4) had 2.25 m, where the 5th subject at 
position 5 (P5) had the greatest distance at 3.7 m. The different positions provided the subjects with 
different views out with different VQRs as illustrated on Figure 16 and Figure 22.  

For hypothesis 1 it is only the view out which is investigated, meaning that all view conditions are 
without solar shading. Figure 38 shows the mean of all responses for Q1: Assessment of view and Q3: 
Satisfaction with view given for all view conditions without any shading condition can be seen. On the 
figure the VQR of each view out have also been plotted.    

 

Figure 38: Mean of all responses for Q1 and Q3 given for all view conditions without shading, compared with the VQR. Q1 was answered on 
a 0-100 scale from excellent to terrible and Q3 was answered on a 0-100 satisfaction scale.   

The aim with the VQR was to have an indicator for how the subjects’ perception of the view out quality 
would be. Although in Figure 38 it is seen, that when the subjects were asked to assess the view (Q1) 
from excellent (100) to terrible (0), the mean subjective assessment do not seem to have the strongest 
correlation with VQR. Some of the assessments of the view outs matches the VQRs better than others. 
It seems, that when a punishment is made in the VQR for visible cars or a dominating building in the 
view outs from position P3 and P4 in room 62 and 68, it does not have a negative effect for the subjects 
– often the other way around.    

If the view out conditions are sorted after the mean assessments for Q1 instead of room and position 
as before Figure 39 is found. Here the views are ranked after how the average subject has assessed 
them. With Figure 39 it can be seen which VQRs that appears to have the lowest correlation. In general, 
the view outs rated with a VQR at 4 are assessed higher than those rated to be 5.  

Even though the VQR does not seem to have the best correlation with the average subject assessment, 
it seems that there are some overall tendencies in how the view outs are assessed. The view outs in 
room 1013 and 62 are generally assessed the highest by the subjects, where the views in 1018 and 68 
are placed in the lower end of the assessments. This complies with the thoughts behind the selection 
of the rooms during the design of the experiments.  
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Figure 39: Mean of all responses for Q1 and Q3 given for all view conditions without shading, sorted after Q1 and compared with the VQR. 
Q1 was answered on a 0-100 scale from excellent to terrible and Q3 was answered on a 0-100 satisfaction scale.   

Sine the VQR did not seem to have the clearest correlation with the subject assessments it was chosen 
to use the subjects’ own response to Q1, as a reference for the view out quality in the further analysis 
of the hypotheses. This parameter is called View Out Assessment (VOA). It means that for each subject 
there are two VOAs – one for each of the view conditions without solar shading, which then are used 
as a reference to the assessments of the view conditions with shading conditions.  

When looking at Figure 39 the view access in terms of positions does not seem to have the biggest 
impact on the view out assessment. Only the view outs from position (P2) are showing a small tendency 
of being ranked higher. Otherwise, the positions are scattered in the ranking.    

4.4.2 HYPOTHESIS 2: SOLAR SHADING TYPES 

With hypothesis 2 it is the aim to examine whether different types of solar shadings are affecting the 
perception of the view out differently. To test this, six solar shading types have been assessed. 
Additional to Q1 and Q3, question Q4 has also been asked when the view condition included a solar 
shading condition with slats perpendicular to the windowpane.  

 

The solar shading types assessed are existing venetian blinds in grey (EX_G) and black (EX_B), small 
horizontal slats (SH), big horizontal slats (BH), small vertical slats (SV), and big vertical slats (BV). All are 
illustrated in Figure 27. Opposite hypothesis 1, it is only view conditions including a solar shading 
condition which are investigated for hypothesis 2.  

Figure 40 shows the distribution and the frequency of all responses for Q1: Assessment of view 
condition to the left and Q3: Satisfaction with view condition to the right, for all view conditions 
including a solar shading type. That means that for each of the six solar shading types the responses are 
for all five positions in the two rooms for all experiment rounds. All solar shading types except EX_B are 
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assessed in room 62 and 68, where the EX_B is assessed in room 1013, 1013+con, and 1018. Thus, the 
total number of subject responses is 60 for each type.  

 

Figure 40: The distribution and frequency of all responses for question Q1 and Q3 for all view conditions with shading for each of the solar 
shading types (BH = big horizontal slats, BV = big vertical slats, EX_B = existing venetian blinds in black, EX_G = existing venetian blinds in 

grey, SH = small horizontal slats, SV = small vertical slats). The mean subject response is marked with a grey dot for each condition. Q1 was 
answered on a 0-100 scale from excellent to terrible and Q3 was answered on a 0-100 satisfaction scale.   

Figure 40 indicates that the BH is the type of solar shadings which the subjects rates most positively – 
especially in terms of satisfaction. SV is opposite the type with the lowest ratings. The four last types 
are showing to be quite equal in the mean responses. 

Together with Q1 and Q3 the subjects were also asked question Q4: How would you rate this specific 
solar shading type? answered on an acceptability scale for all the view conditions including solar 
shading. In that way the subjects were asked directly how acceptable they found the different solar 
shading types, while for Q1 and Q3 they were asked about the view condition – therefore indirectly.  

 

Figure 41: The distribution and frequency of all responses for question Q4 for all view conditions with shading for each of the solar shading 
types (BH = big horizontal slats, BV = big vertical slats, EX_B = existing venetian blinds in black, EX_G = existing venetian blinds in grey, SH = 
small horizontal slats, SV = small vertical slats). The mean subject response is marked with a grey dot for each condition. Q4 was answered 

on a 0-100 acceptability scale. 
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On Figure 41 the distribution and the associated frequency can be seen for the responses of Q4 for 
each of the six solar shading types. Here the BH and SV types are also showing to in the top and bottom 
of the most and least acceptable solar shading types. Though the BH here is closer to the intermediate 
types.  

Since the types consisting of small horizontal slats, EX_B, EX_G, and SH, in both Figure 40 and Figure 
41, shows some correlation in the distribution, it is seen that the mockups have a good reliability 
compared with existing commercial solar shading types. The differences most likely caused by the color 
difference of the slats. This was also expected, since the luminance contrast between the view out and 
the slats changes with the color, or more if the color is bright or dark.     

In experiment A where all solar shading types except EX_B were assessed, the subjects were after Q4 
asked question Q-A5: If you could change something about the current solar shading, you would… and 
were then given five opportunities – change the slat angle, increase or decrease the distance, or make 
the slats smaller or bigger, for which they could answer yes, no, or maybe.   

With Figure 42 is given an overview of the answering percentages for each of the optional adjustments 
for the 5 solar shading types assessed in experiment A. The percentages are shown for the answers in 
both room 62 and 68, to see if the view out had an impact on the wishes for adjustments. Judging from 
the figure the view does not appear to have a strong impact on the adjustment wishes, since it is varying 
between the rooms from which the greatest answering percentage occurs.  

For the different adjustment options, it seems that it is the change of slat angle that the subjects are 
most dissident with for all five solar shading types. On the other hand, there is a quite clear agreement 
that the distance between the slats should not be decreased no matter the type. Though for the big 
horizontal slats, where the distance between the slats is 18 cm, around 18% whished the distance to 
be decreased.  

Whether the distance between the slats should be increased seem to depend on the type – more 
precise the types with a small slat distance at 7 cm, the EX_G, SH, and SV, the distance was wished to 
be increased. For the types with the big distance the majority would not increase the distance. This 
could indicate that the optimal distance would be around 18 cm.  

When it comes to the size of the slats, it appears that most of the subjects do not wish for the small 
slats to either be bigger or smaller. For the big slats, the majority do not wish for the slats to get bigger, 
while there is a bit more disagreement if they should be smaller or not. This might insinuate that the 
optimal slat size is between 8 and 20 cm, possibly closer to the 8 cm equal to the width of the small 
slats.  
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Figure 42: An overview of the answering percentage for each answer options for question Q-A5: If you could change something about the 
current solar shading, you would…  for the two rooms for each of the 5 solar shading conditions assessed in experiment A. 
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4.4.3 HYPOTHESIS 3: SOLAR SHADING CHARACTERISTICS 

With hypothesis 3 it was desired to investigate how the characteristics of solar shading types affects 
the view out. The characteristics chosen to investigate was the slat direction, degree of interruptions 
of the view out, and the slat angle which is relevant when the solar shading is controllable.    

 

The two mainly used slat directions are horizontal and vertical – hence, those two directions were 
chosen for the solar shading types for experiment A. Figure 43 shows the distribution of all subject 
responses and the related frequencies for the two slat directions. The plots include all subject responses 
made for a view condition including solar shading with slats perpendicular to the windowpane.    

 

Figure 43: The distribution and frequency of responses to Q1 and Q3 for view conditions including solar shading with 0o slats in horizontal 
and vertical directions. The mean subject response is marked with a grey dot for each condition. Q1 was answered on a 0-100 scale from 

excellent to terrible and Q3 was answered on a 0-100 satisfaction scale.   

The figure shows that view conditions including solar shadings with vertical slats are generally assessed 
lower than if the slat directions are horizontal. Both of the the overall mean responses indicate this, but 
also there is a higher frequency of the highest assessments for the horizontal slat directions. This could 
be explained by the properties of the human eye, which is designed to see horizons.    

The slats creating the solar shadings, regardless the direction, creates interruptions of the view out. If 
the distance between the slats is small, they cause many interruptions in the field of view for a person 
looking out the window. Conversely, when the distance is big it will only cause few interruptions. The 
solar shading types used for the experiments can be categorized into few or many interruptions. The 
two types of venetian blinds together with the small horizontal and small vertical type are causing many 
interruptions. Whereas the big horizontal and big vertical types are only causing few interruptions in 
the field of view for the subjects. Figure  shows how the distribution and frequency of the responses 
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was for Q1 and Q3, when the subjects assessed view conditions including shading types causing 
respectively few or many interruptions in the field of view.  

 

Figure 44: The distribution and frequency of responses to Q1 and Q3 for view conditions including solar shading with 0o slats causing few 
and many interruptions. The mean subject response is marked with a grey dot for each condition. Q1 was answered on a 0-100 scale from 

excellent to terrible and Q3 was answered on a 0-100 satisfaction scale.   

Overall, the figure shows, that no matter the perspective when the subjects assess a view condition 
including solar shading, the responses are in general higher when the slats are only causing few 
interruptions.  

With experiment B the impact from different slat angles of the solar shading type EX_B on the 
assessments of the view conditions were investigated. The angles assessed by the subjects were 0o, 
meaning the slats are perpendicular to the windowpane, in addition with the angles 5o, 15o, 25o, and 
35o in downward direction. Figure 45 shows how the distribution of the subject responses change with 
the increasing slat angle. The view condition without any shading has been plotted as a reference.  

 

Figure 45: The distribution and frequency of responses to Q1 and Q3 all view outs and positions in experiment B for the different slat angles. 
The view condition without shading is added as a reference for the impact of the solar shading. The mean subject response is marked with a 
grey dot for each condition. Q1 was answered on a 0-100 scale from excellent to terrible and Q3 was answered on a 0-100 satisfaction scale.  
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Each of the plots consists of all subject responses made in the six rounds of experiments for that 
respective slat angle for 10 different view outs in three rooms – 1013, 1013+con, and 1018. It is clear, 
that when the slat angle increases the assessments of the view conditions becomes lower. When 
zooming in on how the subjects placed at each position answered when the view condition included 
the angles individually Figure 46 is given.   

 

Figure 46: The distribution and frequency of responses to Q1 and Q3 for view conditions composed with EX_B at slat angle 55, 15o, and 25o 
for the different subject positions in the room. The mean subject response is marked with a grey dot for each condition. Q1 was answered 

on a 0-100 scale from excellent to terrible and Q3 was answered on a 0-100 satisfaction scale. 

The subject positions in each room is illustrated with Figure 21 and the view out from each position in 
the three rooms can be seen in Figure 22. Subjects placed at position P1 and P3 were placed with 1 m 
from the windowpane, where P2 and P4 were placed 2.25 m away and P5 with 3.7 m to the 
windowpane. Subjects at P1-P4 were oriented parallel with the windowpane, where at P5 they were 
oriented perpendicular towards the window.  

Figure 46 shows similarity in the distribution and frequency of the assessment responses for Q1 from 
the subjects placed with the same distance and orientation. Meaning that the assessment of a view 
condition with angled slats could be affected by which position the subject has.    

 

4.5 TEST OF HYPOTHESES 

To establish the plausibility of the stated hypotheses, the significance of various parameters is tested 
through linear mixed effects models and analyses of variance (ANOVA). For each hypothesis linear 
mixed effect models are developed through forward selection by the lowest Akaike Information 
criterion (AIC). To account for the multiple responses from each subject not being independent from 
each other, all linear mixed effect models have a random effect for subject added. Then an ANOVA test 
is conducted to investigate whether the selected explanatory variables have a significant effect on the 
model and thereby accepting the related hypothesis. The tests of the hypotheses are conducted at the 
5% significance level. 
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4.5.1 DATASETS 

Each of the hypotheses revolves around different parts of the experiment and therefore, different 
datasets are used to investigate the different hypotheses. This results in different amounts of 
observations and variables used to test the different hypothesis. In Table 11 below, an overview of the 
different datasets is given.  

DATASET VIEW CONDTIONS INCLUDED 
NO. OF 

OBSERVATIONS 
NO. OF 

VARIABLES 

ALL DATA All view conditions  605 39 

HYPOTHESIS 1 Only conditions without solar shading 97 34 

HYPOTHESIS 2 Only conditions with solar shading 287 36 

HYPOTHESIS 3 Only conditions with solar shading 508 38 

Table 11: Overview of observations and variables included in the different datasets for the hypotheses 

The different number of observations also means that the range of the included data, especially for the 
photometric measurements, varies between the datasets. Generally, the light levels have been higher 
for the view conditions without solar shading than with solar shading. This results in the photometric 
variables generally having higher values in the dataset for hypothesis 1 than in the datasets for 
hypothesis 2 and 3, except for the variables concerning contrast, which generally are higher with solar 
shading. Table 26 in Appendix 8.21 Range of datasets8.21 gives an overview of the range of the data 
for each variable in the datasets. However, generally the range of the photometric variables is limited 
for all the datasets as described in section 4.3 Distribution of photometric data. 

The dependent and explanatory variables defined for the hypothesis is presented together with their 
range in Table 12. It is also illustrated in which hypotheses the variables are included and in which they 
are excluded (e.g., all variables concerning solar shading is excluded from hypothesis 1). 

 ALL DATA HYP. 1 HYP. 2 HYP. 3 

Dependent variables     

Q1: Assessment of view out [0 ; 100] [8 ; 100] [7 ; 99] [0 ; 99] 

Q3: Satisfaction with view out [0 ; 100] [14 ; 100] [4 ; 100] [0 ; 100] 

Explanatory variables     

Window distance [1 ; 3.7] [1 ; 3.7] [1 ; 3.7] [1 ; 3.7] 

View Quality Rating [2 ; 8] [2 ; 8] [2 ; 8] [2 ; 8] 
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Shading conditions 
7 categories 

(NO, SV, SH, BV, 
BH, EX_B, EX_G) 

- 
6 categories 

(SV, SH, BV, BH, 
EX_B, EX_G) 

- 

Slat direction 
3 categories 
(V, H, NO) 

- - 
2 categories 

(V, H) 

Interruptions 
3 categories 

(Many, Few, NO) 
- - 

2 categories 
(Many, Few) 

Slat angle [0 ; 35] - [0 ; 35] 

View Out Assessment [8 ; 100] - [8 ; 100] 

Table 12: Overview of the Dependent and independent variables of the hypotheses, as well as the random effect and their measured ranges. 

More details regarding the variables are given in the following sections for the different hypothesis. 

4.5.2 HYPOTHESIS 1: VIEW OUT QUALITY 

The first hypothesis aims to determine whether view out quality affects the perception of view out and 
is formulated as follows.  

 

The dependent variables representing perception of view out are the subjective responses to the 
questions Q1 and Q3.  

 

These will be investigated separately to determine if there is a difference in influencing parameters 
between the subjective responses of each of these. From here on they will be called Q1: Assessment of 
view and Q3: Satisfaction with view. For hypothesis 1, view is defined as the subjects’ view out through 
the window.  

View out quality is in this thesis defined by the parameters view content and view access. The 
explanatory variable representing view content is the view quality rating and the explanatory variables 
for view access are window distance to occupant and the occupant direction in relation to the window. 
However, window distance and occupant direction are assessed to be very closely correlated, hence 
only window distance is investigated, as this can represent both aspects.  
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The explanatory variables representing view out quality are therefore: 

§ View Quality Rating, VQR 

§ Window distance, WD 

These explanatory variables are determined to be the first fixed effects for the linear mixed effect model 
for hypothesis 1 and will form the basis, together with the random effect of subjects, for the forward 
selection of other fitting fixed effects to the model.  

The aim of this thesis is to also investigate whether photometric parameters can be used to categorize 
view out, and therefore it is also chosen to add a photometric variable to the model. The choice of 
photometric is the first step of the forward selection, thus the photometric which, together with the 
selected explanatory variables, results in the model with the lowest AIC, is then added to the model.  

Furthermore, it is investigated whether any other photometric variables will improve the fit of the 
model to the data, as well as, if it is necessary to correct for any nuisance, by running through the 
control variables. The variables used to check for nuisance includes factors such as subject background, 
perception of indoor environment and individual sight conditions.  

LINEAR MIXED EFFECT MODEL FOR HYPOTHESIS 1 

The general linear mixed effect model for hypothesis 1 includes the subjective responses as the 
dependent variable on the left side and the selected explanatory variables on the right side as well as 
the random effect of subjects. It gives the following expression: 

Subjective responses ~ VQR F + WD F + Photometric variable + Subject R + ε 

Index F indicates the explanatory variables, also called fixed effects in linear mixed effect models, and 
index R indicates the random effect. ε denotes the error, meaning the deviations from the model which 
cannot be explained by the implemented effects. VQR is short for view quality rating and WD stands 
for window distance.  

From this general expression the best-fitting models are found both for Q1: Assessment of view out and 
Q3: Satisfaction with view out, by forward selection with respect to the lowest Akaike Information 
Criterion (AIC). The forward selection stops when the AIC Value differs with 2 or less between two 
models.  

Q1: ASSESSMENT OF VIEW OUT 

For Hypothesis 1 the basis linear mixed effect model for Q1: Assessment of view out is the following: 

Q1 ~ VQR F + WD F + Subject R  

Where Q1 denotes the subjective responses for Q1 for the view conditions without solar shading.  

By forward selection 1 photometric variable and 1 control variable are added to the linear mixed effect 
model, the results of the forward selection can be seen in Table 13Table 13 below: 
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VARIABLE AIC DIFFERENCE 

Basis model 881.91 
 

  3.88 
 + Number of bright spots 878.02 

  3.85 
    + Light sensitivity 874.17 

  1.14 < 2.00 
      + Sum of bright spot luminance 873.03 

 

Table 13: Forward selection by AIC values for Hypothesis 1 - Q1. 

By forward selection, first the photometric variable Number of bright spots (BS_No) is selected the 
photometric variable giving the model with the best fit. Hereafter the control variable “Light sensitivity” 
is selected. This variable indicates the subjects self-assessed sensitivity to bright light, where the subject 
can choose either Yes, No or Don’t know. In the third round, Sum of bright spot luminance gives the 
model with the lowest AIC, but as the change in AIC between this model and the previous model, with 
number of bright spots and light sensitivity included, is less than 2, this variable is not added to the 
model.  

Thus, the full linear mixed effect model for Q1: Assessment of view out is: 

Q1 ~ VQR F + WD F + BS_No F + LS F + Subject R 

Where VQR is the view quality rating of the given view out, WD is the distance between the subject and 
the window, BS_No is the number of bright spots in the visual field of the subject and LS is the subjects’ 
self-assessed sensitivity to bright light. 

When looking into the model, the following intercept and coefficients is given: 

INTERCEPT 
(LS don’t know , Continuous variables = 0) 

 84.04  

FIXED EFFECT TYPE COEFFICIENT VALID RANGE 

WD Continuous - 0.24 [1.0 ; 3.7] 

VQR Continuous 3.10 [2 ; 8] 

BS No Continuous - 1.28 
[0.0 ; 11.45]* 
[0 ; 94255]** 

LS  
   Yes 
    No 

 
Categorical 

 
- 1.85 
- 14.80 

- 

Table 14: Estimates and intervals for the linear mixed effect model for hypothesis 1 - Q1.  
* The interval of the data used in the model i.e., the natural logarithmic function of the measured photometric variable 

** The interval of the measured values of the photometric variable 

The intercept is prediction of Q1: Assessment of view out when all continuous variables are equal to 0 
and the subjects are in the category of not knowing if they are sensitive to bright light, however as not 
all continuous variables have a range which includes 0, this is an extrapolation of the tendencies found 
within the range of the data, thus not necessarily accurate. A more accurate starting point of the linear 
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correlation between Q1 and the variables is found by calculating the assessment of view at the 
minimum of the continuous variables, giving a starting point at 84.  

The coefficients of the model describe the correlation between the fixed effect and the subjective 
responses of Q1: Assessment of view out. 

It is seen that window distance is negatively correlated to Q1, meaning as the distance is increased, the 
assessment of view will decrease i.e., go towards terrible. View quality rating is seen to be positively 
correlated to Q1, even though it was not clearly seen by the histogram of means in section 4.4.1. The 
coefficient indicates that if the quality rating of a view goes up by 1, then the subjective assessment of 
view will increase by 3.1. A positive correlation was also initially expected, however it was also expected 
that the coefficient would have a magnitude around 10, as this would indicate a directly proportional 
relationship between quality rating of a view and the assessment of view out, meaning a view quality 
rating of 7 would result in a subjective view assessment of 70. As this is not the case, it shows that view 
quality rating has a smaller influence on the assessment of view out than expected.  

The number of bright spots is negatively correlated to Q1: Assessment of view out, meaning a smaller 
number of bright spots is preferred. This is somewhat unexpected but can be related to a high number 
of bright spots gives a risk of glare. When the experiments were conducted, there were some situations 
that were observed to be potentially glary for the subjects. When plotting the subjective responses of 
Q1 with the number of bright spots in a scatter plot, it can be seen that the relation is quite stationary, 
with most numbers of bright spots being related to a subjective response of 70 or above. However, a 
small cluster of lower values for Q1 can be seen between 8 – 10 on the x-axis of the logarithm of number 
of bright spots, which could explain the negative coefficient, as is could result in a downward going 
slope. It is likely, that this cluster is coinciding with situations where the subjects have been exposed to 
glare.  

 

Figure 47: Relation between the subjective responses for Q1 and the number of bright spots in the field of vision. 

Lastly, both the coefficient for being sensitive to bright light and the coefficient for not being it, is seen 
to be negative, indicating, if the subject is either, it will affect the subject response negatively, compared 
to the subjects who answered don’t know.  
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ANOVA TEST 

To test hypothesis 1 in relation to Q1: Assessment of view out, the significance of the explanatory 
variables stated to define view out quality is tested by an analysis of variance. This is done by 
establishing a null-hypothesis for each and a responding model. The responding null-model is a reduced 
model of the full model. The reduction is done by taking out the variables which is being tested. Then 
the likelihood of each null-hypothesis model is compared to the likelihood of the full linear mixed effect 
model which represent the alternative hypothesis. The established null-hypotheses and related 
reduced null-models are presented below together with the results of the ANOVA test i.e., the χ2

 -value 
and the p-value. The explanatory variable is established to be significant if the p-value is >0.05, giving a 
significance level of 5%.  

 

Figure 48: Null hypotheses for hypothesis 1 - Q1 and ANOVA results for each. 

Both view quality rating and number of bright spots is found to be statistically significant for established 
model, whereas window distance is not proved to be statistically significant. Thereby, hypothesis 1 for 
Q1: Assessment of view out can be accepted, when view out quality is based on view quality rating and 
number of bright spots.  

Q3: SATISFACTION WITH VIEW OUT 

For hypothesis 1 the basis linear mixed effect model for Q3: Satisfaction with view out is the following: 

Q3 ~ VQR F + WD F + Subject R  

Where Q3 denotes the subjective responses for Q3 for the view conditions without solar shading.  

The process of forward selecting variables have resulted in one more variable being added, which is 
the photometric variable identified in step 1 of the forward selection. The results of the forward 
selection can be seen below: 
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VARIABLE AIC DIFFERENCE 

Basis model 856.27 
 

  1.08 
 + Glare Impact 855.19 

  0.13 < 2.00  
     + Age of subject 855.05 

   

Table 15: Variables and AIC values found by forward selection for hypothesis 1, Q3. 

Glare impact, GI is a measure for the variation of brightness in the visual field of the subject. By 
implementing glare impact, the next variable resulting in the lowest AIC, however as the improvement 
is less than 2, this variable is not included in the final model.  

The full linear mixed effect model for Q3: Satisfaction with view out then becomes: 

Q3 ~ VQR F + WD F + GI F + Subject R 

Where GI is the glare impact. The intercept and coefficients for the model can be seen in below: 

INTERCEPT 
(Continuous variables = 0) 

 77.59  

FIXED EFFECT TYPE COEFFICIENT VALID RANGE 

WD (window distance) Continuous 0.94 [1.0 ; 3.7] 

VQR Continuous 1.63 [2.0 ; 8.0] 

GI Continuous - 2.05 
[0.0 ; 4.9]* 

[0.0 ; 133.3]** 

Table 16: Estimates and intervals for the linear mixed effect model for hypothesis 1 - Q3. 
* The interval of the data used in the model i.e., the natural logarithmic function of the measured photometric variable. 

** The interval of the measured values of the photometric variable. 

Window distance is seen to be positively correlated to Q3: Satisfaction with view out, which differs from 
the coefficient of the same variable for Q1: Assessment of view out, where the coefficient was negative. 
It is hard to say why this differs, however it should be taken into account that with the varying distance, 
the orientation of the subject also changes, meaning for the distances of 1 m and 2.25 meters, the 
subjects have been placed parallel to the window, while for the farthest distance, 3.7m, the subject was 
oriented directly towards the window. This could result in the relation not being totally linear, thus not 
very fitting for the model, if window distance is generally preferred to be as low as possible, while 
perpendicular orientation also being preferred.  

View quality rating is also found to have a correlation to Q3: Satisfaction with view out, however the 
coefficient has a smaller magnitude for Q3 than for Q1: Assessment of view out, meaning it has a smaller 
effect on Q3: Satisfaction with view out.  

Glare impact has a negative coefficient, indicating that a low glare impact is preferred. As for the 
number of bright spots for Q1: Assessment of view out, it can have a relation of the skewed distribution 
of measured values and the fact that a high glare impact is related to a higher risk of being exposed to 
glare.   
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ANOVA TEST 

To test hypothesis 1 in relation to Q3: Satisfaction with view out, three null-hypotheses are determined 
as well as three corresponding reduced linear mixed effect models, as for Q1. Then the three reduced 
models are compared individually with the full model, to establish if any of the fixed effects are 
statistically significant at a 5% level.  In Figure 49 the results can be seen.  

 

Figure 49: Null hypotheses for hypothesis 1 - Q3 and ANOVA results for each. 

None of the tested variables are found to be significant for Q3: Satisfaction with view out, and neither 
can therefore be said to have an effect on the subjective responses. View out quality, when defined by 
view quality rating, window distance and glare impact, is therefore not shown to affect people’s 
perception of view, when perception is measured by satisfaction. However, view out quality could be 
defined in many other ways, and then it could have an effect.  

As the amount of observations used to develop these models is quite small, it makes it harder to 
establish a model which is generally representative, as the risk of the observations being coincidental 
is higher, and clear tendencies can be overlooked. That could be the reason for not finding any 
significant explanatory variables for Q3: Satisfaction with view out.  

4.5.3 HYPOTHESIS 2: SOLAR SHADING TYPES 

The second hypothesis revolves around the effect different solar shading types have on the perception 
of view out and is defined in the following way:  
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As for hypothesis 1, the perception of view, i.e., the dependent variables, are represented by the 
subjective responses for Q1: Assessment of view and Q3: Satisfaction with view. For hypothesis 2 and 
3, view is defined as the subjects’ view out through the window including the solar shading. The 
explanatory variables representing solar shading types, SST from which the underlying categories are: 

§ Existing Grey venetian blinds, EX_G 
§ Existing Black venetian blinds, EX_B 
§ Big Horizontal slats, BH 
§ Big Vertical slats, BV 
§ Small Horizontal slats, SH 
§ Small Vertical slats, SV 

Theses explanatory variables will form the basis of the linear mixed effect model for hypothesis 2, 
together with the random effect for subjects. The dataset used for investigating hypothesis 2 includes 
measurements for view conditions containing solar shading with a slat angle on 0° (equals being 
perpendicular to the window), giving 287 observations. 

LINEAR MIXED EFFECT MODEL FOR HYPOTHESIS 2 

The general linear mixed effect model for hypothesis 2 has the following form: 

Subjective responses ~  SST F + Photometric variable  +  Subject R + ε 

Once again, index F denotes the explanatory variables selected as fixed effects in the model, while index 
R signifies the random effect, SST represents Solar Shading Types. From this general expression the 
best-fitting models are found both for Q1: Assessment of view and Q3: Satisfaction with view, by 
forward selection with respect to the lowest AIC.  

Q1: ASSESSMENT OF VIEW 

For hypothesis 2 the basis linear mixed effect model for Q1: Assessment of view is the following: 

Q1 ~ SST F + Subject R  

Where Q1 denotes the subjective responses for Q1 for the view conditions with solar shading and SST 
stands for Solar Shading Type. Two more variables are added by forward selection, where one is a 
photometric variable. In the table below is an overview of the variables and related AIC values. 

VARIABLE AIC DIFFERENCE 

Basis model 2531.23 
 

  12.01 
 + Local achromatic contrast 2519.22 

  48.05 
    + View out assessment 2471..16 

  0.44 < 2.00 
      + View quality rating 2470.72 

 

Table 17: Variables and AIC values found by forward selection for hypothesis 2, Q1. 
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The photometric variable achromatic local contrast is selected in the first step of the forward selection, 
hereafter view out assessment is also added to the model. View quality rating does not make the cut, 
as is does not improve the AIC substantially and is therefore discarded. 

Thus, the full linear mixed effect model for Q1: Assessment of view is: 

Q1 ~ SST F + LC F + VOA  + Subject R 

Where SST is the 6 different solar shading types used in the experiments, LC is the calculated achromatic 
local contrast, VOA is the view out assessment, meaning how the subject has assessed the view out 
without solar shading and VQR is the view quality rating of the view out, not considering the solar 
shading.  

When looking into the model, the following intercept and coefficients is given: 

INTERCEPT 
(SST BH, Continuous variables = 0) 

 45.97  

FIXED EFFECT TYPE COEFFICIENT VALID RANGE 

SST 
   BV 
   SH 
   EX_B    
   EX_G 
   SV 

Categorical  
- 7.06 
- 7.55 
- 7.36 
- 8.39 
- 22.35 

- 

LC Continuous - 10.83 
[0.85 ; 2.22]* 
[1.34 ; 8.25]** 

VOA Continuous 0.52 [7 ; 100] 

Table 18: Estimates and intervals for the linear mixed effect model for hypothesis 2, Q1. 
* The interval of the data used in the model i.e., the natural logarithmic function of the measured photometric variable. 

** The interval of the measured values of the photometric variable. 

The intercept is 45.97, meaning when al continuous variables are equal to 0 and the solar shading type 
is big horizontal, then Q1: Assessment of view will be equal to 35.36. However as 0 outside of the range 
of the continuous variable view out assessment, this is an extrapolation, and it cannot be guaranteed 
to correctly predict the assessment of view at 0. The starting point is therefore more telling if it is 
determined based on the minimum value of the continuous variables.  

The coefficients for the different solar shading types are all seen to be negative, meaning the type 
incorporated in the intercept, Big Horizontal, is the preferred type of solar shading. Hereafter comes 
Big Vertical, although Existing Black venetian blind, Small Horizontal and Existing Grey venetian blind all 
have coefficients close to Big Vertical. The noticeable difference between Small Vertical and the others 
shows that Small Vertical by far is the least preferred solar shading.  

The differences between Small Horizontal (which has a dark grey color), Existing Grey venetian blind 
and Existing Black venetian blind are interesting as they have many of the same properties, almost only 
varying in color. If color is taking as the main difference between the three types, the coefficients 
indicate that black is most preferred, hereafter comes dark grey, and a lighter grey is the least preferred.  
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The Local achromatic contrast is also negatively correlated to Q1: Assessment of view, which can be 
connected to the contrast being higher when the solar shading lets in less light, as this results in the 
surroundings getting darker, and therefore the difference between the surroundings and the beams of 
light getting through the solar shading getting higher. Additionally, when looking into the values of local 
achromatic contrast, the values generally are low for all measurements in Experiment B. This indicates 
that the rooms used in Experiment B generally has been very poorly lit, resulting in in the background 
being very dark and uniform, hence the local achromatic contrast being very low.  

Assessment of view is seen to have a positive correlation ton Q1: Assessment of view. Even though the 
coefficient is quite small in magnitude, view out assessment does potentially have a substantial 
influence, as the range of view out assessment goes 100 giving it a potential for changing the 
Assessment of view by up to 52.  

ANOVA TEST 

Hypothesis 2 is tested by investigating the significance of the determined variables have on Q1: 
Assessment of view by an ANOVA analysis of the full model and the reduced models in accordance with 
the stated null-hypotheses. Again, the level of significance is determined to be 5%.  

 

Figure 50: Null hypotheses for hypothesis 2, Q1 and ANOVA results for each. 

Solar shading types is shown to be statistically significant for Q1: Assessment of view, as is local 
achromatic contrast. Therefore, solar shading types and local achromatic contrast can be said to have 
a significant effect on the perception on view, when perception is measured by the subjective 
assessment of view.  

Q3: SATISFACTION WITH VIEW 

The basis linear mixed effect model for Q3: Satisfaction with view is the following: 

Q3 ~ SST F + Subject R  

Where Q3 denotes the subjective responses for Q3 for the view conditions with solar shading.  

The process of forward selecting variables have resulted in two more variables being added to the 
model. The variables found by forward selection is given in Figure 19. 
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VARIABLE AIC DIFFERENCE 

Basis model 2526.31 
 

 - 0.18 
 + Local achromatic contrast 2526.48 

  16.63 
    + View out assessment 2509.67 

  1.47 < 2.00 
       + Perception of indoor environment 2508.01 

   

Table 19: Variables and AIC values found by forward selection for hypothesis 2, Q3. 

As for Q1: Assessment of view, local achromatic contrast is the photometric variable determined in the 
first step of the forward selection. It is added to the model, even though it does not decrease the AIC, 
as it is the photometric which gives the linear mixed effect model with the lowest AIC, and it is chosen 
to be consistent in always investigating if the photometric parameters have a significant effect. Beside 
local achromatic contrast, also view out assessment is added to the model through forward selection.  

The full linear mixed effect model for Q1: Satisfaction with view is therefore determined to be: 

Q3 ~ SSTF + LC F + VOA F + + Subject R 

Where SST is solar shading types, LC is local contrast, VOA is view out assessment and ES is the eyesight 
of the subject, given as either nearsighted, farsighted, neither or don’t know.  

The intercept and coefficients for the linear mixed effect model is given in Table 20 below. 

INTERCEPT 
(SST BH, Continuous variables = 0) 

 50.20  

FIXED EFFECT TYPE COEFFICIENT VALID RANGE 

SST 
   BV 
   SH 
   EX_B    
   EX_G 
   SV 

Categorical 

 
- 12.23 
- 9.93 
- 5.01 
- 11.18 
- 26.77 

- 

LC Continuous - 1.38 
[0.85 ; 2.22]* 
[1.34 ; 8.25]** 

VOA Continuous 0.33 [8 ; 100] 

Table 20: Estimates and intervals for the linear mixed effect model for hypothesis 2, Q3. 
* The interval of the data used in the model i.e., the natural logarithmic function of the measured photometric variable. 

** The interval of the measured values of the photometric variable. 

Generally, the same tendencies regarding solar shading types are seen for Q3: Satisfaction with view as 
for Q1: Assessment of view, however there is a small difference in magnitudes and a slight change in 
order. Big Vertical is no longer the most preferred solar shading type, but the second least preferred 
type, Existing Black venetian blind is seen to be the most preferred type, after Big Horizontal, which is 
included in the intercept. Even though the order of the three very similar solar shading types Small 
Horizontal, Existing Black venetian blind and Existing Grey venetian blind, they seem to differ more for 
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Q3: Satisfaction with view than they did in Q1: Assessment of view, indicating that a change from one 
type to another will have a higher influence for Q3.  

Local achromatic contrast is again found to be negatively correlated the subjective responses. However, 
is has a less of an effect on Q3: Satisfaction with view than on Q1: Assessment of view.  

ANOVA TEST 

Once again ANOVA is used to test hypothesis 2 in relation to Q3: Satisfaction with view and thereby 
investigating the significance of the determined explanatory variables for the hypothesis. The result of 
the ANOVA is seen on the figure below. 

 

Figure 51: Null hypotheses for hypothesis 2 - Q3 and ANOVA results for each. 

Again, solar shading types is found to be statistically significant for the linear mixed effect model, 
whereas local achromatic contrast is not. So, hypothesis 2, stating that solar shading types affect 
people’s perception of view with solar shading is proven to be plausible, both when perception of view 
is defined as assessment of view and as satisfaction with view.  

4.5.4 HYPOTHESIS 3: SOLAR SHADING CHARACTERISTICS 

The aim of hypothesis 3 is to investigate what effect different solar shading characteristics, such as the 
amount, angle, and orientation of slats, has on the perception on view out. It is formulated the following 
way: 

 

As for the other hypotheses, the perception of view, i.e., the dependent variables, are represented by 
the subjective responses for Q1: Assessment of view and Q3: Satisfaction with view. For hypothesis 2 
and 3, view is defined as the subjects’ view out through the window including the effect of the solar 
shading.  
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The explanatory variables representing solar shading characteristics and their categories are: 

• Amount of interruptions, INT 
o Many 
o Few 

• Slat direction, SD 
o Horizontal 
o Vertical 

• Slat Angle, SA 
o From 0° – 35° downwards (0° equals the slat being perpendicular to the window). 

Theses independent variables will form the basis of the linear mixed effect model for hypothesis 2, 
together with the random effect for subjects. The dataset used for investigating hypothesis 3 includes 
measurements for all view conditions containing solar shading, giving 508 observations.  

LINEAR MIXED EFFECT MODEL FOR HYPOTHESIS 3 

The general linear mixed effect model for hypothesis 2 has the following form: 

Subjective responses ~  INT F + SD F  + SA F  + Photometric variable  +  Subject R + ε 

Once again, index F denotes the explanatory variables selected as fixed effects in the model, while index 
R signifies the random effect. INT represents amount of interruptions, SD is slat direction and SA is slat 
angle. From this general expression the best-fitting models are found both for Q1: Assessment of view 
and Q3: Satisfaction with view, by forward selection with respect to the lowest AIC. 

Q1: ASSESSMENT OF VIEW 

For hypothesis 3 the basis linear mixed effect model for Q1: Assessment of view is the following: 

Q1 ~ INT F + SD F  + SA F + Subject R  

Where Q1 denotes the subjective responses for Q1 for the view conditions with solar shading. Four 
variables are added by forward selection, where one is a photometric variable. In the table below is an 
overview of the variables and related AIC values. 

VARIABLE AIC DIFFERENCE 

Basis model 4432.65 
 

  9.65 
 + Local achromatic contrast 4423.00 

  82.77 
    + View out assessment 4340.23 

  4.13   
       + View quality rating 4336.10 

  3.38 
          + Perception of indoor environment 4332. 72 

  0.81 < 2.00 
            + Age of subject 4331.91 

 

Table 21: Variables and AIC values found by forward selection for hypothesis 3, Q1. 
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Once again, local achromatic contrast is found to be the photometric variable giving the model with the 
lowest AIC. Beside local achromatic contrast, view out assessment, view quality rating and perception 
of indoor environment are also added to the model by forward selection.  

Thus, the full linear mixed effect model for Q1: Assessment of view is: 

Q1 ~ INT F + SD F  + SA F + LC F + VOA F + VQR F + IE F + Subject R 

Where INT is the amount of interruptions, SD is the slat direction, SA is the slat angle, LC is the local 
achromatic contrast. VOA is the subjective assessment of the view out without solar shading, VQR is 
determined view quality rating of the view out without solar shading and IE is the subjects’ perception 
of the indoor environment assessed on an acceptability scale.  

When looking into the model, the following intercept and coefficients are given: 

INTERCEPT 
(SD Horizontal, INT Few, SA 0°, Continuous variables = 0) 

 23.77  

FIXED EFFECT TYPE COEFFICIENT VALID RANGE 

SD 
   Vertical 

Categorical 
 

 
- 11.40 

- 

INT 
    Many 

Categorical 
 

 
- 10.92 

- 

SA 
   5° 
   15° 
   25° 
   35° 

Categorical 
 
 
 

 
  1.73 
- 19.09 
- 28.05 
- 42.23 

- 

LC Continuous - 8.01 
[0.74 ; 2.22]* 
[1.34 ; 8.25]** 

VOA Continuous 0.45 [7 ; 100] 

VQR Continuous 1.73 [2.0 ; 8.0] 

IE Continuous 0.12 [15 ; 100] 

Table 22: Estimates and intervals for the linear mixed effect model for hypothesis 3, Q1. 
* The interval of the data used in the model i.e., the natural logarithmic function of the measured photometric variable. 

** The interval of the measured values of the photometric variable. 

The intercept is the model’s prediction of the subjective response of Q1: Assessment of view when the 
solar shading has few interruptions, a horizontal slat direction and a slat angle on 0° as well as all 
continuous variables being equal to 0.   

For the three categorical variables, all the categories have negative coefficients, except a slat angle of 
15°. This indicates that the preferred solar shading settings are horizontal slat direction, few 
interruptions and a slat angle. It seems counterintuitive that a slat angle of 5° is preferred higher than 
a slat angle of 0°, especially when looking at the other coefficients, which clearly gets smaller as the 
angle increases. This could be due the perceived difference between the two angles is so small it is hard 
to differentiate for the subjects. Generally, as mentioned before, a small slat angle is preferred.  
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The differences between vertical and horizontal slat direction shows that it is preferred to have the 
view interrupted horizontally as opposed to vertically. Almost the same difference is seen for the 
amount of interruptions, which indicates that not only the amount of view is important, but also in 
which way the view is interrupted.  

View quality rating and view out assessment are both positively correlated to Q1: Assessment of view, 
further confirming that views which are assessed to be good, are preferred, also when solar shading is 
used. The magnitude of the coefficient is also very alike the ones found for the other hypotheses.  

Again, local achromatic contrast is negatively correlated the subjective responses thus, low local 
contrast is preferred, which is related to the solar shading characteristics which lets in the most light. 

The perception of indoor environment has a positive correlation to Q1: Assessment of view, thus if the 
indoor environment is perceived to be good, then it positively affects the subjective responses to Q1. 
However, the effect is limited, as the magnitude of the coefficient is small, meaning it can change the 
assessment by maximum 12.  

ANOVA TEST 

The results of the ANOVA test conducted for hypothesis 3 – Q1: Assessment of view can be seen in 
Figure 52 below. 

 

Figure 52: Null hypotheses for hypothesis 3 - Q1 and ANOVA results for each. 

All three explanatory variables defined for solar shading characteristics is determined to be statistically 
significant for Q1: Assessment of view, as well as the photometric variable local achromatic contrast.  
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Q3: SATISFACTION WITH VIEW  

The basis linear mixed effect model for Q3: Satisfaction with view is the following: 

Q3 ~ INT F + SD F  + SA F + Subject R  

Where Q3 denotes the subjective responses for Q3 for the view conditions with solar shading.  

The process of forward selecting variables have resulted in four more variables being added to the 
model. The variables found by forward selection is given in Table 23. 

VARIABLE AIC DIFFERENCE 

Basis model 4424.03 
 

  5.32 
+ Global contrast average 4418.71 

  14.45 
  + View out assessment 4404.26 

  3.74 
    + Perception of indoor environment 4400.52 

  2.38 
      + Age of subjects 4398.14 

    0.46 < 2.00 
         + Experience with the building industry 4397.76 

 

Table 23: Variables and AIC values found by forward selection for hypothesis 3, Q3. 

Global contrast average is the photometric variable giving the best fit of the model. Additionally view 
out assessment is implemented in the linear mixed effect model, as well as the control variables age 
and perception of the indoor environment.  

This results in the full linear mixed effect model for Q1: Assessment of view being: 

Q1 ~ INT F + SD F  + SA F + GC_Avg F + VOA F + Age F + IE F + Subject R 

Where INT is the amount of interruptions, SD is the slat direction, SA is the slat angle, GC_Avg is the 
global contrast calculated based on average luminance of the bright spots and the background. VOA is 
the subjective assessment of the view out without solar shading, Age is the age of the subject and 
Perception of indoor environment is the subjects’ rating of the indoor environment on an acceptability 
scale.  

When looking into the model, the following intercept and coefficients are given: 

INTERCEPT 
(SD Horizontal, INT Few, SA 0°, Continuous variables = 0) 

 120.98  

FIXED EFFECT TYPE COEFFICIENT VALID RANGE 

SD 
   Vertical 

Categorical 
 

 
- 14.88 

- 

INT 
    Many 

Categorical 
 

 
- 12.20 

- 
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SA 
   5° 
   15° 
   25° 
   35° 

Categorical 
 
 
 

 
- 2.11 
- 26.78 
- 35.79 
- 47.38 

- 

GC_Avg Continuous 1.17 
[0.0 ; 7.74]* 
[0 ; 2308]** 

VOA Continuous 0.23 [8 ; 100] 

IE Continuous 0.25 [15 ; 100] 

Age Continuous -26.67 
[3.0 ; 4.1]* 
[20 ; 61]** 

Table 24: Estimates and intervals for the linear mixed effect model for hypothesis 3, Q3. 
* The interval of the data used in the model i.e., the natural logarithmic function of the measured photometric variable. 

** The interval of the measured values of the photometric variable. 

As for Q1: Assessment of view, the coefficients for the categories of the slat direction and interruptions 
suggests that the preferred solar shading characteristics are the ones included in the intercept, which 
again is horizontal slat direction and few interruptions. However, contrary to Q1, the slat angle on 0° is 
preferred instead of 5°. The coefficients for slat angle indicates that especially angles a 15° or more are 
unfavored.  

The coefficient for slat direction - vertical and amount of interruption - many are in the same order of 
magnitude, but a small difference is seen, indicating slat direction having a slightly higher influence on 
the satisfaction with view out than number of interruptions.  

The global contrast average has a positive correlation to Q3: Satisfaction with view, which is surprisingly 
as it generally decreases when the brightness of the view increases, as this will also increase the 
background luminance, hence making the contrast between the two smaller. However, it is calculated 
based on the bright spots of the visual field of the subject, and there are several cases where no bright 
spots are found, hence making the average contrast equal to 0. This is found to have very little to do 
with the solar shading condition but be much more dependent on the weather. This results in global 
contrast average more being an indicator for whether the weather is grey or dull or bright and 
potentially sunny. Thus, the positive correlation tells that bright and sunny weather is more preferred 
than dull and grey weather.  

View out assessment shows very similar tendencies as seen in hypothesis 2, although the coefficient 
being a little smaller in magnitude, making it slightly less influential in this case. Additionally, the 
perception of the indoor environment has a similar influence, meaning a more acceptable indoor 
environment will give a higher satisfaction with the view.  

Age is also found to have a substantial effect on Q3: Satisfaction with view, indicating the older the a 
person is, the less satisfied with the view the person will be. However, the range of the age of the 
subjects of the experiments is very limited, only covering from 20 years to 61 years, with 95% of the 
subjects being between 20-29 years old, giving an asymmetrical distribution, which can be seen on the 
figure below.  
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Figure 53: Scatterplot of relationship between the subjective responses of Q3 and the subject's age  

It is clear that the oldest subject has given low scoring subjective responses and as the distance to the 
rest of the subjects is substantial, these responses are affecting the general tendency unproportionally 
much in a negative direction, thus resulting in the relatively large magnitude of the coefficient.  

ANOVA TEST 

Lastly, an ANOVA is conducted for hypothesis 3, Q3: Satisfaction with view and the results can be seen 
below. 

 

Figure 54: Null hypotheses for hypothesis 3 – Q3 and ANOVA results for each. 
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All four variables statistically significant for Q3: Satisfaction with view, thus they all have a significant 
influence on the perception of view out with solar shading, when perception of view is defined as the 
satisfaction with view and all the null-hypothesis can be rejected.   

 

4.5.5 SUMMARY OF THE TEST OF HYPHOTHESES  

Based on the results of this section, evidence is found to support all three stated hypotheses for Q1: 
Assessment of view, whereas for Q3: Satisfaction with view only hypothesis 2 and 3 can be accepted.  

For hypothesis 1 - Q1: Assessment of view, the explanatory variables view quality rating and number of 
bright spots are found to be significant, thus a fitting definition for view out quality.  

For hypothesis 2 - Q1: Assessment of view and Q3: Satisfaction with view, the explanatory variable solar 
shading types are statistically significant, hence having a significant effect on the perception of view. 
For both assessment perspectives the most preferred type was the big horizontal slats, while the least 
preferred was the small vertical slats. The other types are more in the same level of preference. This 
was also the tendencies found in 4.4.2.  

Furthermore, for Q1: Assessment of view, local achromatic contrast is also determined to be significant 
for hypothesis 2 and can thereby be used as an indicator for assessments of view outs with solar 
shading.   

For hypothesis 3 - Q1: Assessment of view and Q3: Satisfaction with view, slat direction, slat angle and 
amount of interruptions are determined to be statistically significant, and is therefore an appropriate 
definition for solar shading characteristics. Giving that few interruptions and horizontal slats are 
preferrable, matching the foundings in 4.4.3. Additionally the impact from the slat angles shows to not 
be linear as expected but varies with the angles. This was also found in 4.4.3, where the position in the 
room also seemed to have an impact on how big the effect of the angles was.     

The photometric variables local achromatic contrast and global contrast average are also statistically 
significant for Q1: Assessment of view and Q3: Satisfaction with view for hypothesis 3. However, global 
contrast average should be used with caution when it comes to solar shading characteristics, as it might 
be more indicative of the weather than the solar shading. 
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5 DISCUSSION 
In this chapter the findings will be discussed from various perspectives. Firstly, two main invested 
aspects are discussed– view out quality and solar shading systems, followed by the representativeness 
discussed based on the methodology and limitations. To put it all in perspective the convergences with 
the VR solar shading experiment are discussed, and finally how the findings from both theses can lead 
in the direction of defining possible measures for prober selection of solar shading systems. 

5.1 VIEW OUT QUALITY 

The first aspect was investigated by hypothesis 1 to determine whether view out quality affects the 
perception of view out. The view out quality is a measure of the quality of the content of the view out 
and the view access.  

The D&V analysis method [3] was used to rate the quality of the content of the view out – giving the 
VQR. Through the test of the hypotheses, it was found that the VQR has a significant impact on the 
perception of view out when the subjects are asked to assess the view out from terrible to excellent. 
Additionally, the number of bright spots (>2000 cd/m2) in the field of view of the subjects also has 
significant negative correlation with the assessment of view out. Meaning that if the bright spots in the 
subjects’ field of view increases in number, then the view out will be assessed more negative. Since the 
number of bright spots tells more about the presence of glary sources it makes sense that the measure 
has a significant impact on the assessment of view out. Yet this is more in terms of visual comfort rather 
than the quality of the content or the access of the view out.  

The complexity was expected to be the photometric parameter that would be the best predictor for 
the view out quality, due to the findings in previous studies. A possible explanation as to why this was 
not what was found is, that when calculating the complexity, the whole image was used, and not just 
the area of the window in the subjects’ field of view. By calculating the complexity for the whole image, 
the interesting and varying part, which is window area, varies in ratio due to the different orientations 
and distances to the window. For future research this should be considered.  

Even though the VQR was found significant for perception of view out, the correlation factor found at 
3.1 was lower than expected, since VQR is made from a 0-10 scale. This could be reasoned by the fact 
that the instructions for the different factors in the flow chart of the D&V analysis method [3] are not 
sufficient enough. It could also be that the different view outs used in the experiments were not 
variated enough to use the method directly, since it seemed that for example parked cars did not have 
that big of a negative impact on the view assessments as expected, or the method corrects for. The fact 
that the experiments were conducted during fall could also be a factor causing the correction factor to 
be lower than expected, since the greenery did not appear that green to the eye. If the subjects had 
known the view and experienced its changes during the seasons, as an occupant in an office would do, 
the assessments could have been more positive for the view out with greenery.    



5   D i s c u s s i o n  

102 

 

The view access, in terms of window distance, was found not to have a significant correlation with the 
perception of the view out. Even though it is not found to be significant it possibly still is explanatory 
for the assessment of view out and the view quality.  

Although hypothesis 1 was tested for both Q1: Assessment of view out and Q3: Satisfaction with view 
out, only significant variables were found for Q1. This could possibly be due to the different perspectives 
the questions are asked in. Q1 is phrased so the answer will be the intuitive assessment given, whereas 
question Q3: “how would you feel about working under this view condition for a longer period?” is asked 
so the subjects must reflect on their responses and imagine a situation. Here the aspects such as how 
much work experience the subjects have can have an impact. 

5.2 SOLAR SHADING SYSTEMS 

The second aspect investigated was different types solar shading systems and how they affect the 
perception of the view out. With hypothesis 2, six of the most commonly used solar shading types were 
investigated. Through test of the hypothesis both the solar shading types and the local achromatic 
contrast (LC) calculated using the RAMMG algorithm by Rizzi et al. [2] (Figure 8), was found to be 
significant for the perception of view out – when the subjects are asked to assess the view out from 
terrible to excellent. When asked Q3: Satisfaction with view only the solar shading type is significant.  

The solar shading type consisting of big horizontal slats was found to be the most preferred, where the 
small vertical slats were the least preferable. The intermediate types – big vertical slats, small horizontal 
slats, and the two venetian blinds in grey and black, are in the same level of preference.   

The three types consisting of small horizontal slats are ranked in the order of color – going from the 
darkest to the lightest. This indicates that the color has a noteworthy impact on the perception of the 
view out. Based on the knowledge about local contrast this is sensible, since a darker color will increase 
the local contrastfor the view out, which in previous studies have been found to give a more positive 
perception.    

Though the correlation factor found, with the mixed effects analysis for Q1: Assessment of view was 
negative, meaning that an increase in LC causes a more negative assessment of the view out. This is 
presumably due to how the LC is calculated in this thesis, where LC is found for the total field of view. 
Meaning that, for the subjects placed with a greater distance to the window, the part of the field of 
view which is window becomes remarkably lower than for those placed close to the window. This will 
inevitably affect the LC, since the rooms all were quite dark during the experiments. Hence the found 
correlation for LC is for the subjects’ field of view, while the desired LC was for the view out, which 
would naturally increase when adding a solar shading to the view out – especially a dark colored type 
since the view out will be bright. This could be solved in the future as described earlier by only 
calculating the LC for the view out.   

When investigating the affect the different characteristics of solar shading systems causes on the 
perception of view out, hypothesis 3 was used. Here the characteristics amount of interruptions, slat 
direction, and slat angle were found significant for both Q1: Assessment of view and Q3: Satisfaction 
with view when testing the hypothesis. The negative correlation factors found for the amount of 
interruptions and the slat direction complies with the findings for the types found for hypothesis 2. For 
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instance, with big horizontal slats as reference, which was found the most preferrable type, the changes 
in the perception are in the same level whether using the correlation factor for change to many 
interruptions or for the small horizontal slats.  

The negative correlation factors found for change of the slat angle are showing that when changing the 
slat angle from 0° to 5°  does not make a change in the perception of the view out with the solar shading. 
Though a negative affect of the perception occurs when the slat angle is changed to 15° where the 
absolute assessment will decrease with around 20%. If the slat angle is then changed to 25° the absolute 
assessment will only decrease with 10%, and the same goes for 35°. Thus, the impact of the slat angle 
on the perception of view out is not linear, which is the same decay pattern as found in section 4.4.3.  

Whether the impact of changing the slat angle between 0° and 5° reflects the reality or not needs 
further investigation. It is possible that it could also be a result of a minor distortion, caused by the 
randomization of the presentation order of the different shading conditions. In some experiment 
rounds, the most extreme conditions were assessed first, which could have boosted the positivity for 
the easier tolerable conditions – and reverse.  Since it was also found in section 4.4.3 that the position, 
including distance and orientation, seemed to have an impact on how the different slat angles were 
assessed, this should be investigated further in the future.  

For the experiments it had to be assumed that the window size, geometry, and division would not 
impact the results conducted, hence it is necessary to investigate this further, in order to confirm or 
dismiss this assumption. In relation to this the impact of interruption of the foveal vision would be an 
important aspect, to investigate if that is the reason for the preference of few interruptions in the view 
out.  

5.3 REPRESENTATIVITY AND LIMITATIONS 

As for any experiment, various limitations and restraints have occurred during the process, and this will 
influence the representativity of the findings of this thesis. Thus, before using the results of this thesis 
in another context, these factors should be considered.  

First and foremost, the setting the subjects have been exposed to should be taken into account. The 
aim has been to achieve a setting similar to an office environment, more precise a cellular office/small 
landscape office. Thus, the results are deemed representative for this setting only. Similar tendencies 
are expected for other office environments, and probably also other working settings, however this 
cannot be verified in this thesis.  

Another aspect to consider is the composition and distribution of subjects, which is crucial for the 
representativeness of the findings. To reflect the population the subjects should be as a diverse group 
as possible, however several restraints have led to a decrease in diversity. Thus, most of the subjects 
are students at DTU with an age between 20-29. Still, diversity in demographic characteristics is deemed 
permissible as the distribution for factors such as gender and experience within the subject is quite 
even. Therefore, the results are seen to be representative for this population section, but it could be of 
high relevance to investigate whether the same tendencies across different sections of the population.  
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Furthermore, the subjects have had the option of choosing between either getting the questionnaire 
in Danish or in English. The choice of language reflects whether the subject is of Danish or foreign origin, 
this is telling for the cultural background of the subjects, which can have an impact on their expectations 
to view out. In total 33% of the subjective responses are from Danish speaking subjects and 67% are 
from subject of foreign origin, giving a slightly uneven distribution, however still a significant amount of 
data in both groups.  

The questionnaire being in two languages also raises a question regarding if the meaning of the 
questions is understood in the same way independent of language? It is impossible to translate directly 
as words can have different meanings and connotations across languages. Additionally, the language 
skills can differ, especially amongst the foreigners, as English in most cases are not their 1st language. 
Many considerations have gone into the wording of the questionnaire to make them as similar and easy 
to understand as possible. However, conducting a test trail with the purpose of investigating if the 
questions are understood similarly between subjects, could have further minimized the nuisance cause 
by this.  

The amount of data is also a limitation of this study. More data is almost always preferred as this means 
more information available, but there are always limitations to how much data can be collected in a 
study. In this case, the restraints have been time, logistics and physical measures. Thus, it was limited 
how many experimental rounds could be conducted within the timeframe of this thesis, as well as how 
many subject that were available. Furthermore, during the processing of the images, data was lost for 
several measurements, significantly decreasing the datasets used for the test of hypotheses. However, 
as the mixed effects models were kept as simple as possible, the amount of data has been sufficient for 
the data analysis. Though the results should only be considered valid within the range of the data used 
for the respective models.  

The loss of data during the image processing, has also possibly resulted in an uneven distribution of 
data for the different view outs and solar shading conditions, as data was mainly lost from one of the 
cameras which was always placed in the same room. Thus, a lot of data was lost for two of the rooms. 
This have not been investigated but could have influenced the results in some way. 

Another limitation regarding the images is the field of view. Even though 180° fisheye images were 
taken, which roughly corresponds to the human field of view, it does not cover the visible area of a 
subject, as head movement is not included. Many of the subjects were observed to turn their head 
towards the window when answering the questionnaire, thus changing the field of view compared to 
looking straight forward for which the images were taken. The orientation of the image was decided 
based on a work situation, where people are expected to be looking straight at their computer in front 
of them. But even in a work situation, people will frequently turn the head to look out the window, thus 
a more optimal orientation of the images could have been a 45° angle towards the window, which 
resembles natural head movement. Then the photometric measurements would also, to a higher 
extent, be influenced by the view out rather than the interior surroundings given by the room.  

The photometric measurements have been limited in other aspects also. This includes the range of the 
measured values, as mentioned several times, which is mainly caused by the limited amount of daylight 
available in the autumn, where the experiments were conducted. If the experiments had been 
extended to also be conducted during the spring or summer, a much higher range of data is expected 
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to have been collected. This would also entail more glary situations, which is also deemed very relevant 
to investigate in relation to view out.  

Due to limitations of the photometers, only achromatic measures such as complexity and contrasts 
have been explored in this thesis. Chromatic measures could also possibly be indicators of view out 
quality and the effect of solar shadings, but it has not been possible to investigate. Achromatic contrast 
has been found to be a significant indicator and it is assumed it is a representative measure for contrast 
in general.  

However chromatic measurements could also be relevant to explore in relation to view out and solar 
shading, especially as local chromatic was found to be significant in the previous VR experiment by 
Olling and Olesen [21]. Nevertheless, achromatic contrast has been found to be significant for several 
of the hypotheses and it could also indicate that both chromatic and achromatic contrast affects the 
perception of view.  

Thus, the results and findings are determined to be representative for the dominant age group of the 
subjects and for an office setting, when the concerned parameters are within ranges similar to the data 
of this thesis. However, the representativity be seen in the light of the above-mentioned limitations.  

5.4 COHERENCE WITH PREVIOUS VR EXPERIMENT 

To further verify the results of this thesis, they are compared to the related findings in the VR view out 
study conducted by Olling and Olesen [21] prior to this thesis.  

Especially two different findings in the VR study are relevant to compare to our results. First the findings 
within local contrast and complexity, and secondly, the tendencies of preference for different solar 
shading types.  

Olling and Olesen have determined achromatic and chromatic complexity, as well as achromatic and 
chromatic local contrast to be adequate measures for characterization of view out [21]. In this thesis, 
only achromatic local contrast and achromatic complexity has been investigated and achromatic 
complexity has not been found to be significant. However, local achromatic contrast has been found to 
be a significant indicator for view out quality, confirming the conclusion of the VR study when it comes 
to achromatic local contrast. Nevertheless, the correlation is opposite in the two studies. One of the 
main differences in the solar shading in the two theses, is the color, which is white in one and dark grey 
in the other (this one). Hence, this difference in contract could be due to the difference in color, as dark 
colors will increase the local contrast and white will not. This tendency furthermore be confirmed by 
this thesis, when looking at the order of preference within the solar shadings with small horizontal slats. 
Altogether this strongly suggest that achromatic local contrast is indicative for the perception of view 
out but including the other parameters could add important perspectives to the aspect in its entirety. 

Furthermore, there is convergence between their found tendencies in preference of solar shading types 
and the results of this thesis. In both theses solar shadings with horizontal slats and big slats are most 
preferred, while vertical slats are considerably less preferred. Thus, color is not indicated to influence 
the general tendencies in preference of solar shading types. Furthermore, the trend of the assessment 



5   D i s c u s s i o n  

106 

 

of view decreasing when the angle of the solar shading slats is increased is also seen in both studies. In 
the VR study, this has been shown to be related to the amount of view and connectedness with the sky.   

Hence, many pivotal findings converge between the two studies. This current study has furthermore 
gone beyond some of the limitations of the VR study by conducting the experiments in reality. By doing 
so, new important factors are taken into account, such as the dynamic features of a view out. View out 
is naturally influenced weather and season, both of which variations was observed during the 
experiments of this thesis. Other parameters added to this thesis is the geometric relation between the 
subject and the window/view out, hence the distance between the subject and the window and the 
orientation of the subject, and the investigation of the individual solar shading characteristic. 

As a conclusion, many of the results of this thesis can be confirmed in the VR study, while this thesis 
also introduces and investigates new parameters, thus adding to the knowledge within the subject of 
view out.  

5.5 FUTURE POSIBILITIES/FURTHER DEVELOPMENT 

One of the goals/objectives of this thesis is to get one step closer to defining suitable measures for 
proper selection of solar shading systems. The findings, beside confirming previous results, also 
contributes to new discoveries about the relationship between view out and solar shading.  

One new aspect explored is the impact of different solar shading characteristics on the perception of 
view out. This, together with the achieved knowledge within view out quality and solar shading types, 
has the potential of constituting the basis for future development of some kind of index for selection 
of solar shading systems with regards to the view out.  

A simple and accessible index could entail a map of the different characteristics of view out and solar 
shading systems, with each included parameter having a given number of points related to its impact 
on view out quality. For example, a high view quality rating being equal to a high number of points, e.g., 
10, and vertical slats being equal to -5 points. Then requirements could be outlined for acceptable view 
out quality scores i.e., how many points should be collected to attain a satisfying view out.  

Another take on it could be a mathematical model, similar to the ones developed in the mixed effects 
analysis, where each characteristic for view out and solar shading has its own coefficient. The model 
would the make it possible to predict the satisfaction with the view out condition. The coefficient could 
then be for slat direction, slat angle, amount of interruption, color, control, view quality rating, window 
distance etc.  

This model could also be developed to be used in simulations for prediction of future view out and 
shading conditions. Then photometric parameters could also be used to design new types of solar 
shading. For example, it could be investigated which combination of solar shading characteristics results 
in high local contrast and is therefore preferred.  

Even though, the findings of this thesis do advance the knowledge within many of the aspects of a 
future index, more research is needed to confirm the findings as well as further expanding the field of 
knowledge. By conducting more research within the subject, some of the limitations of this study can 
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be removed and the representativeness can be increased. For example, conducting similar 
experiments, but in other settings, with more sections of the population and different view and solar 
shading conditions as well as in different times during the year, would substantially increase the range 
in which the present results are valid.  
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6 CONCLUSION 
The results of this thesis will in the following be summarized and conclusions about the knowledge 
derived from them are drawn up. Finally, the main research question is answered in the context of our 
findings.  

The main research-question of this thesis is as follows: 

“Is the view out quality influenced by the use of solar shading systems of different characteristics, and 
can photometric parameters be used as indicators?” 

To explore this, a user assessment experiment has been conducted.  It has been designed as a field 
study, where several experimental runs have been executed in office-like environments. During the 
experiment subjective responses from 64 subjects have been recorded for different view conditions. A 
view condition is composed of a combination of a selected view out and a solar shading condition. 
Furthermore, several photometric parameters have been measured for a 180° field of view with a 
photometer for all view conditions and quantified by the Evalglare metric [1].  

To determine the relation between subjective responses and view conditions, three hypotheses have 
been established, each revolving around an individual aspect of the research question. The plausibility 
of the hypothesis has been tested through the development of linear mixed effects models and analysis 
of variance (ANOVA). The outcome of the tests, beside acceptance or rejection of the hypotheses, has 
been to establish what parameters have a statistically significant effect on general perception of view 
out, both with and without solar shading.  

VIEW OUT QUALITY 

The first aspect of the research-question to be investigated is the view out quality. The aim of the 
investigation is to define appropriate measures for the quality of view out in relation to all parameters 
influencing the perception of view out except solar shading systems.  

Based on the findings of the test of hypothesis 1 it is concluded that view quality rating (VQR) 
determined by the D&V method by Hellinga and Hordijk [3] is an appropriate measure for view out 
quality, when solar shading is excluded. This is established on the assumption that perception of view 
is defined as the assessment of view out from terrible to excellent on a scale from 0-100 corresponding 
to the subjective responses for the question Q1: “How will you assess the view?”. 

This conclusion is based on the view quality rating having been proven to be statistically significant with 
a 95% confidence level with a positive correlation to the assessment of view out. Hence, people prefer 
views with a high quality rating. It should be noted, that even though the correlation is positive, the 
relation is not directly proportional, hence a view quality rating of 2 does not result in an assessment 
score equal to 20.  

Furthermore, the photometric parameter the number of bright spots, defined as number of pixels in 
the 180° field of view with a luminance above 2000 cd/m², has also been found to be statistically 
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significant for the assessment of view out. This finding is, however, a bit uncertain, as might relate more 
to the weather than the view out quality.  

The defined measure for view access, window distance, has not been proven to be statistically 
significant for either assessment of view or satisfaction with view, which is deemed to be caused by the 
variable containing conflicting information. It describes both the distance between the subject and the 
window as well as the orientation of the subject. Hence it is considered as being explanatory for the 
perception of view, but in future research the two aspects separately to determine their individual 
effect. 

when the perception of view out is defined as the satisfaction with view assessed from 0 (very 
unsatisfying) to 100 (very satisfying) corresponding to Q3: “How would you feel about under this view 
condition for a longer period”, no parameters can be concluded to be explanatory for the perception of 
view, when solar shading is not taken into account. 

SOLAR SHADING TYPES 

The second aspect of the research-question to be investigated is whether 6 different solar shading types 
have an effect on the perception of view. Additionally, the aim is also to determine what correlation 
the different types of solar shading with the perception of view. this is tested under hypothesis 2.  

Based on the results of the conducted analyses it can be concluded that solar shading types does have 
a statistically significant impact on the perception of view on a 95% confidence interval. This is proven 
to be true both when the perception is defined to be measured by assessment of view (Q1) and by 
satisfaction with view (Q3).   

The most preferred solar shading type has been found to be Big Horizontal which has horizontal slats, 
with a depth of 200 mm and a slat-to-slat distance of 180 mm. When comparing the other types of 
solar shading to Big Horizontal, all other types will decrease both the assessment and the satisfaction 
with the view. however, the least preferred solar shading type is by far found to be Small Vertical, which 
has vertical slats with a depth of 80 mm and a slat-to-slat distance of 80 mm. 

The remaining four types differs in a small degree, but not enough to clearly define a clear order of 
preference. The small variation between the very similar types with small horizontal slats is suspected 
to be caused by the color difference.  

The photometric parameter achromatic local contrast, determined by using the RAMMG algorithm by 
Rizzi et al. [2], is also concluded to be statistically significant for the assessment of view with regard to 
solar shading types. Achromatic local contrast is found to be negatively correlated; thus, people prefer 
low achromatic contrast for a view condition with solar shading. However, the findings are connected 
to some uncertainty, as it is hard to distinguish whether local achromatic contrast values are mainly 
influenced by view out and solar shading or whether they are influenced by the experimental 
environments being very dark, thus resulting in low values.  
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SOLAR SHADING CHARACTERISTICS 

The third and last aspect of the research-question to be investigated is the effect of various solar 
shading characteristics on the perception of view. Three solar shading characteristics have been 
analyzed by hypotheses 3: slat direction, slat angle and amount of interruptions.  

From the test of hypothesis 3 it can be concluded that all three solar shading characteristics are 
statistically significant, both when the perception of view is defined as Q1: Assessment of view and as 
Q3: Satisfaction with view.  

In general, the most preferred characteristics are few interruptions, a horizontal slat direction and a 
slat angle of 0°. This is coherent with the preferred solar shading type. Furthermore, the slat angles are 
found to be negatively correlated with the perception of view, however not in a linear manner. Thus, a 
substantial effect is seen when the angle is changed from 5° to 15°, while the effect is minor when going 
from 0° to 5°.  

For perception of view in relation to solar shading characteristics, two different photometric 
parameters have been found to be significant. For Q1: Assessment of view achromatic local contrast is 
statistically significant, while global contrast average is statistically significant for Q3: Satisfaction. Thus, 
they can be determined to be appropriate indicators for view out in relation to solar shading 
characteristics. 

MAIN RESEARCH QUESTION 

To sum up the findings of this thesis, the main research question is answered. 

“Is the view out quality influenced by the use of solar shading systems of different characteristics, and 
can photometric parameters be used as indicators?” 

Hence, view out quality, defined by the VQR, can be concluded to be influenced by solar shading 
systems, either characterized by type or by the slat direction, amount of interruptions and slat angle. 
Furthermore, local achromatic contrast can be used as an indicator for the above mentioned solar 
shading characteristics. Number of bright spots and global contrast average can also act as indicators 
for certain perspectives of view out quality. 

Thus, it can be concluded that the objectives of this thesis have been achieved as the research question 
have been answered.  
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8 APPENDIX 

8.1 RESULTS FROM FIELD RESEARCH OF BUILDINGS AT DTU 
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8.2 VIEW TYPES – EXPERIMENT A 
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8.3 VIEW TYPES – EXPERIMENT B 
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8.4 QUESTIONNAIRE DEMOGRAPHIC INFORMATION – ENGLISH 
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8.5 QUESTIONNAIRE DEMOGRAPHIC INFORMATION – DANISH 
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8.6 QUESTIONNAIRE EXPERIMENT A – ENGLISH 
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8.7 QUESTIONNAIRE EXPERIMENT A - DANISH 
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8.8 QUESTIONNAIRE EXPERIMENT B – ENGLISH 
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8.9 QUESTIONNAIRE EXPERIMENT B – DANISH 
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8.10 PROTOCOL EXAMPLE FOR EXPERIMENT A 
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8.11 MATLAB CODE FOR EVALGLARE READER 
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8.12 MATLAB CODE FOR RAMMG ACHROMATIC CONTRAST 
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8.13 MATLAB CODE FOR COMPLEXITY 
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8.14 DEMOGRAPHIC INFORMATION RESPONSES 

    

    

31

30

1 2

What is your age?

20-24 years

25-29 years

30-34 years

Over 35 years

26

37

1

What is your gender?

Female

Male

Other

36

4
2

22

How much experience do you have 
within the building industy? (Both work and 

studies included)

Under 1 year

1-2 years

2-3 years

Over 3 years 41

23

Do you use contact lenses or glasses on 
a daily basis?

Yes

No
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34

8

21

1

Are you nearsighted or farsighted?

Nearsighted

Farsighted

Neither

Don't know

10

63

0

Are you colorblind?

Yes, red/green
colorblind

Yes, blue/yellow
colorblind

No

Dont know

4

60

Do you have any other limitations to 
your sight, besides the before 

mentioned? (Glaucoma, cataract or other?)

Yes

No

19

32

13

Do you consider yourself sensitive to 
bright light?

Yes

No

Don't know

60

2 2

Are you right handed or left handed?

Right handed

Left handed

Both

21

29

13

10

How do you feel physically today?

Excellent

Good

Okay

Bad

Terrible

16

33

15

00

How is your mood today?

Excellent

Good

Okay

Bad

Terrible

6

32

26

Do you feel tired today?

Yes

No

A bit
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8.15 DEMOGRAPHIC INFORMATION INFLUENCE ANALYSIS 

Q.D2 WHAT IS YOUR GENDER? 

 

Q.D3 HOW MUCH EXPERIENCE DO YOU HAVE WITHIN THE BUILDING INDUSTRY?  

 

51

13
0

How does your eyes feel today?

Good

A little irritated

Very irritated
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Q.D4 DO YOU USE CONTACT LENSES OR GLASSES ON A DAILY BASIS? 

 

Q.D5 ARE YOU NEARSIGHTED OR FARSIGHTED? 

 

Q.D6 ARE YOU COLORBLIND? 
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Q.D7 DO YOU HAVE ANY OTHER LIMITATIONS TO YOUR SIGHT? 

 

 

Q.D9 DO YOU CONSIDER YOURSELF SENSITIVE TO BRIGHT LIGHT? 

 

Q.D10 ARE YOU RIGHT HANDED OR LEFT HANDED? 
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Q.D11 HOW DO YOU FEEL PHYSICALLY TODAY? 

 

 

Q.D12 HOW IS YOUR MOOD TODAY? 

 

Q.D13 DO YOU FEEL TIRED TODAY? 
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Q.D14 HOW DOES YOUR EYES FEEL TODAY? 

 

 

8.16 INDOOR ENVIRONMENT MEASUREMENTS 

 

Table 25: The mean, min, and max values for air temperature, relative humidity, and CO2 concentration for each round of experiments made. 

EXPERIMENT
EXPERIMENT 

ROUND ROOM
AIR TEMPERATURE [oC] RELATIVE HUMIDITY [%] CO2 CONCENTRATION [ppm]

MEAN MIN MAX MEAN MIN MAX MEAN MIN MAX

B R1
1013 21,8 21,4 22,0 43,2 42,7 43,7 611,6 514,7 667,2

1018 21,4 21,1 21,7 43,6 41,6 44,4 759,4 511,6 910,0

B R2
1013 22,2 22,1 22,4 43,2 42,3 43,5 685,2 576,3 727,2

1018 21,7 21,3 21,8 42,9 42,2 43,3 737,4 542,5 848,8

B R3
1013 22,3 22,2 22,3 44,0 43,5 44,1 662,0 576,3 727,2

1018 21,9 21,7 22,1 43,9 42,9 44,4 717,7 573,1 817,8

B R4
1013 22,1 22,0 22,2 48,4 47,8 48,8 645,6 545,6 667,2

1018 22,3 22,1 22,4 48,7 48,0 49,0 810,3 665,6 879,4

B R5
1013 22,5 22,4 22,6 47,2 46,6 47,5 680,3 605,6 727,2

1018 21,9 21,6 22,1 48,1 47,1 48,9 703,5 511,6 817,8

B R6
1013 22,4 22,2 22,5 47,1 46,4 47,6 624,2 485,6 696,3

1018 22,0 21,9 22,1 47,7 46,9 48,3 651,2 542,5 757,8

B R13
1013 21,5 21,2 22,0 33,8 31,6 34,8 680,0 545,6 757,8

1018 20,5 20,4 20,7 35,0 33,7 35,7 706,8 542,5 848,8

A R7
62 21,6 20,8 21,9 44,5 43,5 45,6 533,3 454,7 636,3

68 21,7 21,4 21,9 45,5 43,7 46,2 710,7 511,6 788,4

A R8
62 22,4 22,1 22,6 42,9 41,6 43,5 567,2 454,7 696,3

68 22,1 21,7 22,2 44,9 44,1 45,7 744,7 542,5 848,8

A R9
62 22,1 21,6 22,5 40,5 39,4 41,3 544,0 425,6 696,3

68 21,7 21,0 22,1 42,0 39,9 42,5 768,6 480,9 879,4

A R10
62 22,1 21,3 22,5 41,9 41,2 42,8 581,9 454,7 696,3

68 22,2 21,8 22,4 43,1 42,1 43,5 737,9 542,5 819,4

A R11
62 22,1 21,7 22,3 45,0 44,4 45,7 537,5 425,6 696,3

68 21,6 21,1 21,9 45,6 44,6 46,0 637,5 420,9 757,8

A R12
62 22,5 22,4 22,5 45,0 44,1 45,9 522,6 425,6 634,7

68 22,1 21,9 22,2 45,9 44,6 46,3 618,6 451,6 757,8
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Figure 55: Measurements of CO2 concentration, air temperature, and relative humidity during round 1 of experiment B in room 1018. This 
round of experiment is the most critical in CO2 concentration but is still below the requirements of 1200 ppm (Figure 58 in Appendix 8.17 

Indoor environment requirements). 

  

 

Figure 56: Measurements of CO2 concentration, air temperature, and relative humidity during round 13 of experiment B in room 1018. The 
threshold for temperature in offices category II of indoor environment have been marked (Figure 57 in Appendix 8.17 Indoor environment 

requirements). This round of experiment is the most critical in temperature but is still within the requirements. 
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8.17 INDOOR ENVIRONMENT REQUIREMENTS 

 

Figure 57: "Table B.5 - Temperature ranges for hourly calculation of cooling and heating energy in four categories of indoor environment" 
from DS/EN 16798:2019 [50] 

 

Figure 58: "Table B.9 - Default design CO2 concentrations above outdoor concentration assuming a standard CO2 emission of 20 L/(h per 
person)” from DS/EN 16798:2019 [50]. 

 

Figure 59: "Table B.16 – Example of recommended design criteria for the humidity in occupied spaces if humidification or dehumidification 
systems are installed” from DS/EN 16798:2019 [50].  
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8.18 PHOTOMETRIC PARAMETERS 
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8.19 CORRELATION BETWEEN Q1, Q2 AND Q3 
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8.20 DISTRIBUTION OF PHOTOMETRIC DATA  
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8.21 RANGE OF DATASETS 

 ALL DATA HYP. 1 HYP. 2 HYP. 3 

Dependent variables     

Q1: Assessment of view [0 ; 100] [8 ; 100] [7 ; 99] [0 ; 99] 

Q3: Satisfaction with view [0 ; 100] [14 ; 100] [4 ; 100] [0 ; 100] 

Explanatory variables     

Window distance [1 ; 3.7] [1 ; 3.7] [1 ; 3.7] [1 ; 3.7] 

View Quality Rating [2 ; 8] 

Shading conditions 
7 categories 

(NO, SV, SH, BV, 
BH, EX_B, EX_G) 

- 
6 categories 

(SV, SH, BV, BH, 
EX_B, EX_G) 

- 

Slat direction 
3 categories 
(V, H, NO) 

- - 
2 categories 

(V, H) 

Interruptions 
3 categories 

(Many, Few, NO) 
- - 

2 categories 
(Many, Few) 

Slat angle [0 ; 35] - [0 ; 35]  

View Out Assessment [8 ; 100] - [8 ; 100]  

DGP (Daylight glare probability) [0.0 ; 0.23] [0.0 ; 0.23] [0.0 ; 0.23] [0.0 ; 0.23] 

GC_Avg (Global contrast average) [0 ; 2308] [0 ; 658] [0 ; 1154] [0 ; 2308] 

LC (Local achromatic contrast) [1.09 ; 8.25] [1.30 ; 6.59] [1.34 ; 8.25] [10.9 ; 8.25] 

BS_Avg_L (Average luminance bright spots) [0 ; 17305] [0 ; 12305] [0 ; 17305] [0 ; 17305] 

BS_No (No. of bright spots) [0 ; 94255] [0 ; 94255] [0 ; 56447] [0 ; 56447] 

GI (Glare impact) [0.0 ; 133.3] [0.0 ; 133.3] [0.0 ; 71.4] [0.0 ; 71.4] 

BS_E (Illuminance of bright spots) [0.0 ; 390.9] [0.0 ; 390.9] [0.0 ; 182.8] [0.0 ; 182.8] 

GL_Sum (Global contrast sum) [0 ; 6118806] [0 ; 5693356] [0 ; 6118806] [0 ; 6118806] 

Avg_L (Average luminance of visual field) [1.2 ; 247.11] [12.1 ; 247.11] [2.9 ; 191.6] [1.2 ; 191.6] 

BG_L (Average luminance of background) [1.1 ; 142.95 ] [10.66 ; 142.95] [2.3 ; 112.6] [1.1 ; 112.6] 

Comp (Complexity) [1.77 ; 285.46] [18.53 ; 285.46] [6.5 ; 245.2] [1.8 ; 245.2] 

Vert_E (Vertical illuminance) [3.53 ; 642.7] [33.6 ; 642.7] [7.3 ; 464.6] [3.53 ; 464.6] 
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BS_Sum_L (Sum of luminance of bright 
spots) [0 ; 345653406] 

[0 ; 
345653406] 

[0 ; 257029747] [0 ; 257029747] 

BS_Max_L (Max luminance of bright spots) [104 ; 202628] 
[1032 ; 

1880308] 
[510 ; 150002] [104 , 202627] 

Random effect    

Subject [1 ; 63] [1 ; 63] [1 ; 63] 

Control variables     

Perception of indoor environment [15 ; 100] [15 ; 100] [15 ; 100] [15 ; 100] 

Time of the day 3 categories (Forenoon, Afternoon, LateAfternoon) 

Age [20 ; 61] 

Gender 3 categories (Male, Female, Other) 

Experience within the building industry 4 categories (Under 1 year, 1-2 years, 2-3 years, over 3 years) 

Daily use of glasses/contact lenses 2 categories (Yes, No) 

Nearsighted/Farsighted 4 categories (Nearsighted, Farsighted, Neither, Don’t know) 

Sight limitations 2 categories (Yes, No) 

Sight conditions 2 categories (None, Astigmatism) 

Sensitivity to bright light 3 categories (Yes, No, Don’t know) 

Righthanded/lefthanded 3 categories (Lefthanded, Righthanded, Both) 

Physical condition 4 categories (Excellent, Good, Okay, Bad) 

Mood 3 categories (Excellent, Good, Okay) 

Tiredness 3 categories (Yes, No, A bit) 

Eye condition 2 categories (Good, A little irritated) 

Table 26: Range of observations for the datasets of the different hypothesis 
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8.22 R CODE FOR LINEAR MIXED EFFECTS MODELS AND ANOVA 
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