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Abstract

The ability to discern the content of the view through a window is referred to as view clarity. It is
often overlooked in the design process, and the methods of shading daylight can affect window
views. We conducted a narrative review of building standards and the scientific literature to
better understand how shades can be designed so as to retain the window view. View clarity was
characterised by three main dimensions: 1) the shading solution; 2) the view content; and 3) the
observer. Each dimension and the interactions between them influence view clarity. These
interactions make it difficult to predict view clarity for all the situations that can occur in
buildings. Nonetheless, we highlighted the effects of different shades on the view clarity. Our
insights can help designers consider these impacts within the context of overall window design.

Keywords: Window view; Daylighting; Shading; Fenestration; Windows; Design; Architecture
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1. Introduction

Views out of buildings connect people to the outside,' helping to maintain their health and
wellbeing.” This connection is responsible for the many benefits that views convey such as
student achievement®* and cognitive work performance °. Our recent framework defines view
quality by three parameters:® content, access and clarity. Whilst standards advocate criteria for

content”? 9-11

and support sufficient access for occupants to see nearby windows,” ' view clarity is
difficult to guarantee. Clarity through windows addresses the ability to see and discern view
content.® This is a salient issue considering that the optical properties of window shades and

fenestration interact with daylight, altering the view content seen through the window.*!>"*

Shading plays an important role during building operations.'” Most shades are installed to
control daylight admittance through windows, preventing conditions that lead to thermal'® or
visual discomfort."'® They may also be used to prevent visual privacy,'”*° for environmental
conservation (e.g. bird collisions)*' or even for energy generation (e.g., semi-transparent
photovoltaics).** Tinted glass or films that alter the chromatic properties of the glass also serve as

2725 and subjective perception® of the

shading systems, but these can impact colour visual acuity
observers. Irrespective of shading types, designs will alter the visual connection experienced
from the view out.”” These changes not only influence visual clarity,'** but can impact on other

aspects of human vision and psychology that are worthy of investigation.

1.1. Problem overview

Our previous position statement' highlighted view clarity as a significant challenge to the
successful design of window views, pinpointing facade materials, fagade operation, and other
factors (e.g., facade maintenance) as emerging problems. This raises important questions about
how much and how long views are preserved once shades are used. It was estimated that more
than 75% of buildings have over half their glazed area covered, and on average, 59% of the
glazed area was covered by window shades or blinds.”

Daylight metrics such as Annual Sunlight Exposure® could provide insights into how often
shade are used. However, the complex relationships between occupant behaviour and the
external environment present overt challenges in accurately predicting manual window blind
operation.*' Blinds are not invariably deployed by occupants to avoid glare or overheating.
Shades are used more on lower than upper floors to provide visual privacy.® This could be
overcome by advanced data analytics (e.g., random forest), which yielded high prediction
accuracies for different attributes of the view.*> However, view clarity was not measured.

Designing windows without consideration of view clarity presents challenges for occupant
comfort and satisfaction. Designs that meet high-quality criteria for view content (e.g., ground,
landscape and sky layers') and view access (e.g., sufficient window opening size**-**) will not

Lighting Research and Technology, August 2024 https://doi.org/10.1177/14771535241261270
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guarantee overall quality. View clarity can override view content and access if window shades
are deployed to account for occupant preferences (e.g., privacy, glare control, thermal comfort).

High view clarity Low view clarity

Figure 1 The same window view with high and low view clarity. Reduced view clarity is caused by 1)

fabric roller blinds, 2) vertical mullion and horizontal lightshelf, 3) low transmittance glazing, and 4)
semi-transparent photovoltaic panel

View clarity is rarely determined by a single obstruction (Figure 1). Clarity is affected by
shades and other fenestration objects such as mullions.® Therefore, not every object that reduces
view clarity was designed with the intent of shading. For example, protective nets in high-rise
residential buildings can be installed for anti-theft purposes and/or to protect children or objects
from the building. However, the netting creates a mesh pattern that may hinder view clarity.
Shades arguably cause the largest shifts in clarity, considering the wide variety of shading
products that are available (e.g., fabric roller shades, external louvres and electronic glazing).
Both WELL version 1% and 2% advocate many types of shades (e.g. lightshelves, operable
draperies, fritted or electronic blackout glazing). Understanding how each element (e.g., roller
blinds, lightshelves, or the glazing), can alter the view content seen by occupants is paramount to
understanding how shades can be designed to retain view clarity.

2. Literature review

The Cambridge Dictionary defines clarity as: “The quality of being clear and easy to
understand”.*” When contextualised to architecture, window views and human vision, clarity
becomes a more complex concept. We had previously defined view clarity as the ability to see
and discern view content (e.g., buildings and trees).® Although our definition does not entirely
depend on properties associated with visual clarity (e.g., preferred or perceived brightness and
colour®*), it shares some similarities with it that also resemble recognised international lighting
vocabulary that also describes “clarity” (i.e., 17-24-131)*":

Lighting Research and Technology, August 2024 https://doi.org/10.1177/14771535241261270
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“Characteristic of a transparent or semi-transparent material whereby distinct high-
contrast images or high-contrast objects, separated by some distance from the
material, are perceivable through the material”

A more granular characterisation of view clarity was proposed by Hill and Markus.'? They
proposed that human vision through window meshes could be described by three main
dimensions: 1) obstruction properties (e.g., in their study window meshes); 2) view content
properties; and 3) the observer. When generalised these three concepts to other shading
typologies, similar distinctions can also be applied (Figure 2).

“Obstruction propertles View content properties - Theobserver

Figure 2 Examples of the three different dimensions of view clarity: 1) obstruction properties, 2) view

content properties and 3) the observer (e.g., normal colour vision versus deuteranopia). The views were
taken from Kent and Schiavon'

The properties of obstructions inside or near the window reduce view clarity.'” Variations in
shading shape, size and orientation and glazing properties are among the factors designers use to
retain the view. Other architectural features (e.g., mullions) and window maintenance (e.g.,
cleanliness) also matter. View content can also influence clarity: view content that has high
contrast (e.g., a dark building facade contrasted against a bright sky) will be more visible than
low contrast information. Although the underlying relationships for the above are generally
understood,* they have not been applied to view clarity. Lastly, view clarity can depend on the
visual acuity, psychological state of the observer, and individual differences. Observers with
induced positive moods generally looked long and more often at positive images located in their
peripheral vision and reduced their attention onto negative information.*

Lighting Research and Technology, August 2024 https://doi.org/10.1177/14771535241261270
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Current green certification labels for shading do not mention view clarity (Table 2 and
Appendix Al). While the absence or inclusion of view clarity recommendations could be
explained by diverging design intent (e.g., glare control, overheating avoidance, or view
provision) or a general lack of understanding, designers will inevitably use different criteria to
inform the design of shades. Nonetheless, view clarity is a concept that is largely understudied
and not well understood,*" making it difficult to provide comprehensive guidance for designers
to follow. This motivated us to perform a narrative review* to understand how current literature
and standards can support a better understanding the design process for view clarity.

Table 1 Certification systems that provide informed guidance for the design of shading

Certification scheme and feature Design intent

View window shading - at least one
required

a) Internal window shading or blinds that
can be controlled or automated to

WELL version 1, Solar Glare Control® minimise glare
b) External shading to minimise glare
c) Variable glazing transmittance (e.g.,

electrochromic glass), which can be
reduced by more than 90%

Compliant shading measures - can include
any or a combination

a) Building integrated measures (e.qg.,

fins)
BREEAM New Construction, Glare _ ) _
Control® b) Operable devices (e.g., Venetian blinds

or close weave fabric shades), with
openness factor is =1%, and fabric
light transmittance is <0.1 (10%)

c) External shading or brise soleil

3. Shading solution properties

We considered the influence different shades have on view clarity. We grouped shades into
following categories: fabric, solid, and glazing solutions (Figure 3).

Lighting Research and Technology, August 2024 https://doi.org/10.1177/14771535241261270
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Fabric Solution Solid Solution Glazing Solution

Figure 3 Examples each shading solutions: fabric (roller blind at the Building and Construction Authority
in Singapore), solid (louvres) and glazing (electrochromic glass) applied on different building facades

Our categorisation describes the occlusion properties and not the operational characteristics
of the shades, which vary considerably across occupant preferences.” Occlusion properties are
easier to define. Fabric and solid shades refer to the material of the shade. Roller shades are an
example of shades that use woven fabrics to restrict daylight admittance, whereas solid shades
(e.g., louvres) are typically structures that intermittently block daylight across the window area.
The opening areas can be larger for solid structures than fabric shades, but the occluded areas are
opaque. Glazing solutions will distort the optical properties of daylight through the material.

3.1. Fabric Shading Solutions

Fabric woven shades are the most common shading solution currently in use. The EN 1450
classifies the “visual contact with the outside” for these shading devices (Table 2) based on two
visual transmittance (t,) parameters: 1) normal-to-normal (1, ,.,); and 2) the diffuse-to-normal
(T,nair)- Table 2 is applied when the shade is fully deployed and has a small opening surface.

146

Table 2 European Norm for blinds and shutters “® that provides performance criteria describing ‘visual
contact with the outside’ for solar shades based on five class thresholds

Normal visible Diffused visible transmittance (tv, ,.q4if)
tran:“:’:‘t::nce 0 < Vgt =0.04 0'453;\;”"” V Tngr >0.15
™V nn >0.10 Very good effect Good effect Moderate effect
0.05 < tv,n =0.10 Good effect Moderate effect Little effect
TV <0.05 Moderate effect Little effect Very little effect
™Wnn=0 Very little effect Very little effect Very little effect

According to Flamant et al.?®, 1, ., and 1,,.q; are related to the openness factor (OF) and
fabric colour. High values of T, (typical of high OF) generally allow better shape recognition,

Lighting Research and Technology, August 2024 https://doi.org/10.1177/14771535241261270
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while high values of 1, , 4 (typical of light colours) distorts the view and generates a parasitic
luminance on the fabric when the sunlight hits the surface. Transmittance of light through fabrics
additional occurs through two more pathways:'? inter-reflections between fibres and diffraction
(Figure 4). However, manufactures only provide values for OF and fabric visible transmittance.
An experiment under controlled artificial lighting identified visible light transmission and
reflectance as the two primary variables that determined view clarity through fabric shades.”

Diffused transmittance

Reflected transmittance

Warp

Beam of daylight with view content Direct transmittance

Deffracted transmittance

Figure 4 Four pathways of visible daylight transmittance through woven fabric blinds. Adapted and
redrawn from Hill and Markus.'? Edited by the authors

The outdoor daylight will strongly influence view clarity through fabric shades.?® A study by
Konstantzos et al.”* showed that high OF produced the highest view clarity, and dark fabrics
outperformed light fabrics. Darker fabrics reduced the reflected transmittance between the fabric
warp to allow the transmission of direct daylight, containing view content, to be more easily seen
through the fabric.” Because lighter fabric colours scattered the light across its surface, under
excess daylight exposure the surface will appear brighter and may cause discomfort glare (Figure
5). When strong illumination is received, light will be transmitted to other parts of the material,
reducing overall contrast’’ and masking the view content.

Konstantzos et al.” emphasized the complex relationships between OF, colour and visible
transmittance, as a product of weave formation. This research led to the proposal of the View
Clarity Index (VCI), quantifying the clarity performance from OF and visible transmittance
tested on commonly listed fabric labels (equation 1). This equation was later revised to model the
relationships between the VCI, OF and diffused transmission (7, , 4 1s the diffuse-to-normal that
is closely related to the fabric colour) in equation 2:%*

Lighting Research and Technology, August 2024 https://doi.org/10.1177/14771535241261270
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or "'

v

VCI=1.43-OF"*+0.64- -0.22 0 < VCIL<1 (1)

0.296
VCI,eg=— 0461790 ™0 467. 202t 10921 @)
Values for VCI range from 0 (diffused shading) to 1 (no shading). The total transmission (t,)
is from both the normal-to-normal (t,,.,) and the diffuse-to-normal (t,,.4;) in equation 1.

No Shading  Diffused Daylight Direct Daylight

Figure 5 The influence parasitic luminance caused by direct sunlight incident on a fabric roller shade

3.2.  Solid Shading Solutions

Solid shading solutions include Venetian blinds, external louvers, grills, and pergolas, typically
varying both in terms of shape, size, and even orientation. However, the layout of the shade
relative to its view content matters. Horizontal occlusions (e.g., Venetian blinds) running parallel
to a skyline will occlude clarity more than vertical obstructions with comparable dimensions.°
The same effect occurs when vertical Venetian blinds are installed against a view with high-rise
buildings. Blinds that resemble the pattern or layout of its view content will make it difficult for
occupant to distinguish between both. This causes a visual camouflage effect).**

Some solid solutions create inoperable obstructions (e.g., grills), which pose significant
disadvantages to view clarity because reductions in clarity are permanent.' Other shades (e.g.,
external louvres and switchable blinds) can be configured to provide a congruent balance
between daylight, visual comfort and view clarity,™ but this may come at the expense of
increased cost and maintenance.’' Occupants generally prefer adjustable systems that can reduce
glare and maintain view retention.”*>* Shades that reduce glare or overheating beyond minimum
acceptable levels of comfort are not preferred, since they offset other requirements such as view

Lighting Research and Technology, August 2024 https://doi.org/10.1177/14771535241261270
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clarity.” Lightshelves that permanently occluded the view out from a core open-plan office zone
were a significant source of dissatisfaction.*®

3.3. Glazing Solutions

Glazing solutions include, but are not limited to, frosted/satin/opal glass, textured/patterned glass
and frits, tinted glass and films, and smart (e.g., electrochromic and thermochromic glass).

Glazing solutions can facilitate the design of certain spaces (e.g., bathrooms) that require
reduced clarity.? Translucent obstructions (e.g., frosted glass) provide privacy while allowing
light admittance into the space.”” The physical effects of translucency are generally better
understood than how the visual system processes translucent images.”® Reflections and
refractions change the received visual information depending on its passage through the material
when light passes through the glass.” Light is scattered both at the surface and sub-surface of the
material,*’ creating visual blur through the material that persists even when contrast remains
unchanged across the translucent region.®® Both the form of the view content and the colour of
the original object are distorted. Hue, saturation and brightness, all vary according to the distance
light travels through the material.*’

Reductions in view clarity caused by other types of shade can be offset by chromatic
glazing.®! However, ensuring view clarity may not the primary motivation underlying why
designers use glazing solutions. A survey revealed that only 21% of 10407 LEED accredited
professionals assumed that shading and view preservation were important criteria,*® behind
energy efficiency (81%), daylighting (73%) and aesthetics (33%). Chromatic glazing is glass that
produces distinct colours (e.g., blue or bronze) when they are tinted,* which necessitates colour
vision for the observer to correctly distinguish between the colour differences. These types of
glazing can retain the view out even when daylight gains are reduced to protect from overheating
or glare. Moeck et al.% anecdotally stated that at low transmission rates electrochromic glazing
will diminish the connection experienced to the outside, yet this reduction is still superior to
reductions in clarity produced by conventional shades. A study by Ko et al.’ showed that films
and electrochromic glass generally outperformed fabrics shade in terms of view clarity measured
by visual acuity, contrast and colour sensitivity tests.

Electrochromic glazing solutions will generally ensure higher view clarity than roller
blinds. Electrochromic glazing is able to preserve distant views, and fewer incidents of eyestrain
and headaches have been attributed to the visual relief.* Electronic glass that enabled better
daylight and view quality leveraged a 42% increase in decision-marking tests compared to
blinds, and higher quality in sleep for office works.® However, window films and electrochromic
glazing can reduce chromatic acuity (e.g., colour discrimination).” Thermochromic films that
produced a bronze tint elicited higher perceived visual assessments (e.g., comfort), while blue
tints were more conducive for work performance (e.g., alertness), and few errors when
discerning colours were found.?*
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Studies completed on tinted lenses (e.g., for helmets and sunglasses) have examined the
effects of tint colour on view clarity and can be useful also in the architectural context. Tinted
lenses reduce high brightness, improve our ability to see reflective and relatively less detailed
content.®*®” Comparable improvements were not revealed for chromatic tasks that contained
colour visual stimuli. Shaik et al.”” found the greatest performance reductions were caused by
blue tinted spectacles, with grey lenses showing some improvements over the former and brown.
While achromatic view clarity could be enhanced by colour tinted glass under excessive
daylight, tint colour may need to be selected based on outdoor content. For example, yellow tints
improve contrast for bright content against a blue background,®® similarly to how the landscape
contrasts against the sky layer.

Unlike fabric shades that have perforated holes that permit daylight and the outdoor view to
be transmitted through the material (i.e., Openness Factor), the optical properties of the entire
glass (e.g., visible transmission) control view clarity through EC glazing. The spectral properties

of daylight admitted through glass may also be altered***

as well as the colour properties of the
view seen of the building. Since colour acuity is not currently embedded in any available metrics
and the Openness Factor cannot be applied to glass, the VCI cannot be used to measure view

clarity through glazing solutions.

4. View content properties

Clarity seen through the window depends also on view content. Hill and Markus'? explained by
visual camouflage or masking that results in a loss in outdoor content, particularly when the
geometric characteristics of a window shade or fenestration (e.g. perforated meshes) coincide
with the prevailing texture of the view. Similarities in colour, brightness and pattern, between
animals and their immediate surroundings, also hinder visual detection.™

4.1. Spatial frequency

To detect real-world information the visual system needs to distinguish subtle differences in
luminance without defined borders that can separate the target object from its background.”
Views contain an assortment of content that varies in contrast and size. This applies for
chromatic (coloured) and achromatic content.”” This could be best explained by the ability of the
visual system to discern periodic distribution patterns of light and dark (i.e., contrast thresholds)
contained in the scene that are projected at different sizes.” This is known as spatial frequency.

Spatial frequency refers to the variation across space for a particular pattern, usually
measured in terms of repeated cycles per unit distance.” The spatial structure can be used to
gauge contrast sensitivity.” High spatial frequencies represent abrupt spatial changes (e.g., edges
and small fine details) that necessitates greater contrast to be visible.” Low spatial frequencies
represent global information about the shape, orientation and proportion.” Scenes with nature
contain high frequency patterns and less nuanced colours, allowing the eye to process visual
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information more efficiently and comfortably.” Urban environments often have low spatial
frequencies,” which often exhibit unnaturally larger variations in colour.*® For example, most
images from nature (e.g., a forest) will typically contain a lower local contrast of surface colours
(e.g., subtle variations of green) compared to man-made urban environments, which can contain
an abrupt contrast of unnatural colours (e.g., urbanised city billboards).

Low Spatial Frequency High Spatial Frequency

Figure 6 Comparison between two views under the same weather and time of day: both when the
windows were unobstructed and when fabric roller shades were drawn. One view shows a nearby building

that produce low spatial frequency content (left) and the other view has more nature (greenery) that
produces high spatial frequency content (right)

Lighter fabric shades spread daylight across its surface and reduces the overall contrast of
view, explaining why the fabric blinds masked the high spatial frequency content of nature
(Figure 6) while retaining low spatial frequency nearby building content. Other attributes such as
spatial frequency and size of the shade also matter. When the spatial frequency of superimposed
grating patterns is close to 3 cycles per degree subtended at the eye (i.e., the pattern became
finer), greater visual contrast is required to detect objects covered by the grating.®!

Tinted glazing reduces both the overall contrast and difference in chromaticity of the view.*
Blue and purple tinted lenses proved to be effective in reducing large contrast differences
produced by glare, leading to notable improvements in both contrast sensitivity and clarity.*
Similar findings also advocated the use of blue or clear lenses in situations necessitating
increased contrast sensitivity at high spatial frequencies.®’ This study revealed that the most
prominent improvements were in relation to low spatial frequency content, while were subdued
for high spatial frequencies. Preferences to lens colour also depended on the content viewed. Out
of nine different tint colours, observer preferred clear glasses when viewing photographs of
nature while purple lens were generally preferred when viewing paintings.*> However, chromatic
preferences tend to vary considerably for observers with aura migraines.®

4.2. Content distance
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Spatial frequency can be used to describe how a repeated pattern changes over certain distance.*
If an observer is far away from the target object, visual content will take up fewer degrees of a
visual angle.® Therefore, distant views will appear smaller and shading poses a greater risk of
obstructing this content than for nearby elements (Figure 7). Atmospheric perspective will also
decrease contrast at increased distances (i.e., the farther an object is from an observer the lower
its clarity due to the molecules and particles in the air).” Light transmission at greater distances
is attenuated,***” requiring greater contrast for the distant object that is being viewed to become
visible.

Unobstructed distant landscape Obstructed distant landscape Partially obstructed sky
Figure 7 An unobstructed and obstructed (by louvres) window view with a distant landscape layer.
Another window view with an unobstructed window view, but partially obstructed sky layer

Distant content is mostly concentrated within the landscape layer (Figure 7), which gauges
the distance of the view.' Faraway landscape layers have a smaller visual angle and a higher
chance of shades obstructing the content. Current standards recommend having content that is at
least 6 m away to satisfy “sufficient” window view quality requirements,”® coinciding with the
distance view acuity tasks are deployed to gauge “normal” vision.*® Nonetheless, the inability of
shades to retain distant content could counteract their intended benefits (e.g., reduced
eyestrain).*”** Therefore, shades should avoid fracturing the view to maintain high view clarity °'.
Fractures can occur when shades impede areas where that the three layers intersect each other.
Horizontal shades pose significant problems. Since the landscape layer intersects with the ground

and sky layers, retaining this layer is needed to achieve high view clarity.

For smaller windows this may not be feasible. Glazing solutions (e.g., solar films or
chromatic glass) could offset these constraints, but it is not clear if they will invariably retain
high clarity for every view. This will be dependent on the colour of the glass and view content.
For example, studies have shown that blue tinted films hinder our ability to see blue visual
stimuli.?*?* This could affect how the sky or blue spaces are perceived. Yap®* generally showed
that contrast sensitivity was improved at most spatial frequencies under photopic vision when a
yellow filter was compared to no filter. This could be due to the 40% increase in perceived
brightness yellow filters create, despite reduced light transition.” However, Luria® showed that
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yellow filters increased the contrast between a yellow target against a blue background. If there
the target stimulus is blue, there is no improvement to clarity when a yellow filter is applied.

5. The observer

A caveat to some studies 1s the large differences that are exhibited amongst individuals. Colour
preferences towards tinted filers for optimal comfort and clarity can vary based on neurological
diagnoses.* For example, colour preferences vary between observers that do or do not
experience migraines.® Individuals that have an exaggerated sensitivity to visual discomfort
(e.g., photophobia)® are more sensitive to certain patterns (e.g., stripes created by Venetian
blinds) or colours (e.g., chromatic changes caused by different tinted films) created by shades.

Other visual (e.g., acuity) and non-visual (e.g., mood) states of the observer influence view
clarity. Cultural differences create diverging expectations that inform the design and operation of
windows for privacy.” Privacy concerns can override other window functions (e.g., view out) for
Arab population groups.”® Consequently, this results in veiled windows (i.e., mashrabiya) being
used that prevent people from seeing into the building but also reduces view clarity . Significant
differences in visual perception between male and female observers have been identified.” For
example, males required a shorter time to identify the direction of low and high contrast visual
stimuli.”® These individual differences could influence perceived view clarity for dynamic
content (e.g., people or traffic) seen in the view.

5.1.  Ocular performance

The visual system allows us to see and process visual information. Differences in object contrast,
brightness or colour, seen against the visual background, determine how clearly we can identify
visual stimuli.”* This can be crucial for seeing essential features of the window view that are
composed of different brightness, contrast, and colour. Deficiencies in ocular ability will prevent
people from being able to see many essential features, particularly at low- to mid-range spatial
frequencies (e.g., road signs and facial features).® Visual acuity, contrast sensitivity and
detection speed, are among the factors that determine ocular performance, but decrease when the
eye ages due to macular degeneration, cataract, diabetes, and glaucoma.”

Window views are often believed to maintain health ocular performance by counteracting
symptoms that reduce how clearly the observer can see distant content. Many green certification
labels (Table 3) encourage design credits to promote certain qualities of the window view. The
main motivation that supports their design intent is the positive benefits they could convey to
reduce eyestrain.

Table 3 List of green building certifications that state that the purpose of awarding credit(s) to the design

of window views is to reduce visual eye strain. Note: the phrasing across different versions differs slightly
but the overall intent of the credit(s) award is the same
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Certification system

Design intent for window view credit(s)

BREEAM-Netherlands
version 1.1

To encourage adequate provision of an external view in all relevant
workplaces. This is in order to prevent eye strain and break the
monotony of the indoor environment.

BREEAM-Norway
versions

1.1, 1.2192 and 6.0

The view out is of a landscape or buildings (rather than just the sky) at
seated eye level (1.2 - 1.3 m) within the relevant building areas and
should ideally be through an external window. A view into an internal
courtyard or atrium will comply provided the distance from the opening
to the back wall of the courtyard/atrium is at least 10 m (therefore
allowing enough distance for the eyes to refocus).

BREEAM-Sweden
versions 1.1%% and 2.0

To allow occupants to refocus their eyes from close work and enjoy an
external view, thus reducing the risk of eyestrain and breaking the
monotony of the indoor environment.

Green Building Index
version 1.0%% and 3.0%%7

To reduce eyestrain for building occupants by allowing long distance
views and provision of visual connection to the outdoor environment,
which includes greenery and/or water bodies.

Greenship
versions 1.11% and 1.21%

To reduce eye fatigue by providing long-distance views that gives a
visual connection to the outside of the building.

greenstar NZ° and
greenstar NZ version
3.1111

To encourage and recognise reduced eyestrain for building occupants by
allowing long distance views and the provision of visual connection to the
outdoors.

5.2. Aging

Less blue light is admitted into the eye that results in the lens forming a yellow appearance,'"?

deepening in colour with age. Colour filtering caused by the yellowing of the lens distorts blue

and green colours.'? Other similar aging processes that diminish blue wavelength transmission

can be accelerated by high exposure to ultra-violet-B radiation, causing the lens to become

denser and less transparent (i.e., brunescence).'"* No significant effects of age on clarity were

found through blue and green tinted windshield glazing across two cohorts of dissimilar age,

ranging between ages of 22 to 30-years and 65 to 89-years.'"> The null result could be explained

using a visual acuity test (i.e., Landolt task). Another study''® showed that contrast sensitivity

measured through yellow filters under glare conditions improved, albeit this improvement only

occurred for older (51-60 years) than young observers.

Other age-related factors decrease ocular performance. Maximum contrast sensitivity occurs

around 20-years of age within the intermediate frequency range (i.e., 2-8 cycles per degree).'"”’

This then declines at an increasing pace with age. Older observers ( > 60-years) have a lower

sensitivity to frequencies above 4-cycles per degree.''®!"” Therefore, elderly occupants may not

be able to see high frequency content (e.g., nature) and only lower frequency content that shows
the outline (e.g., buildings or the skyline) of window view is visible. This may be exacerbated
when shades are used (Figure 6). Vision can decline sooner with ocular pathology (e.g., cataracts
or diabetic retinopathy). Brannan et al.”*’ showed that contrast sensitivity decreased from 37% to
19%, prior to and 6-months after cataract surgery. A study applied tinted colour films to
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observers with cataracts.'?! An increase in contrast thresholds under glare conditions was found
regardless of tint colour, but the differences between the colours on contrast sensitivity were not
statistically significant.

5.3. Colour vision

Colour blindness reduces our ability to see colour view content. It is estimated that one in 12
men and one in 200 women have a colour deficiency in northern Europe,'? and that protan and
deutan (collectively termed as “red-green”) visual defects account for about 8-10% of males in
the United States.'”> However, we were not able to find research that looked at how colour
blindness impacts view clarity.

Observers with colour deficiencies had significantly longer response times and had more
errors when asked to identify the colour of traffic signals than individuals with normal colour
vision.'* This not only occurred when they wore clear eye lenses, but also applied and intensified
when they wore different glass tints:'* the authors recommended against the use of tinted eye
lenses with colour-blind observers as it slowed their ability to detect red traffic signals. This
means that people with colour-blindness may have a reduced view quality. Figure 2 shows a
comparison across the same view as seen by an observer with normal colour vision and another
with deuteranopia. This is the most common form of “red-green” colour vision deficiency,
making certain nuances of green appear more red.'* This will cause green view content (e.g.,
nature) to appear more yellow.

6. Discussion
6.1. Designing for view clarity

Table 4 summarises some of the most important occlusion parameters we reviewed that can
influence view clarity according to the three types of shades. One generalised model may not
be able to fully comprehend how view clarity is affected by every type of shade. Our narrative
review revealed that view clarity is strongly influenced by interactions between the three
parameters (i.e., obstruction, view content, and observer properties). Clarity can be
substantially reduced for one view, yet the same shade applied to another window, could retain
more view content. For example, Figure 2 compared the affect the same lightshelf had on view
clarity for two views. The clarity of the view with three horizontal layers (i.e., ground,
landscape, and sky), where the landscape layer extended into the distance, was notably
reduced. However, greater visual coherence was preserved when the content predominantly
consistent of vertical features (i.e., high-rise buildings) situated nearby.

Table 4 Summary of parameters and impacts the types of shading have on view clarity

Shade type Parameter Impact on view clarity

Fabric solutions
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Reduces high spatial frequency (e.g., nature)
Spatial frequency and retains low spatial frequency (e.g., urban)
view content

Light fabrics increase parasitic luminance
when exposed to direct daylight and shade can
become the new glare source. Darker fabrics
reduce this effect and improve clarity, but the
fabric will have a low surface albedo that could
overheat the space

Parasitic luminance

Shading deployment is usually ephemeral and
can be manually or automatically operated.
Reductions to view clarity can be temporary

Operational
characteristics

Solid solutions

Shading patterns (e.g., horizontal blinds) that
coincide with the composition of the view (e.g.,
horizontal layers) significantly reduce view
clarity and can evoke visual stress

Visual camouflage

Impeding areas where the three layers meet
can fracture the view. Distant views have an
Fracturing the view elevated risk of being obscured as the
landscape will appear smaller and there is a
greater chance shades will block this layer

Reductions to view clarity are generally more
Immobile permanent. This includes automated shades
(e.g., rotatable louvres)

Glazing solutions

High luminance contrast across window will be
reduced and view clarity is improved.
However, interior reflections on glass can

High tint state reduce clarity if room has strong interior
lighting and light colours. Turning lights off will
result in bleached daylight being transmitted
into the room

May improve or reduce the ability to see
Tint and view content certain colours in the view. The level of view
colour clarity will depend on the tint colour of the
glass and dominant colour of the view content

Some types of glass may be selected to
deliberately reduce view clarity (e.g., frost
glass) for privacy, but still allow daylight into
the room (e.g., bathrooms)

Unwanted view clarity

Nonetheless, designers can still consider the complex interplay between the obstruction
properties and view content to safeguard view clarity. Figure 7 shows that view retention is much
higher when louvres only shade the sky layer and not distant content in the landscape layer. If the
view does not contain high-quality content (e.g., nearby urban features), the designer could shade
the entire window with louvres, particularly if the intent was to reduce glare or overheating.
When high-quality view content such as nature is present, designers may want to avoid using
fabric shades, if feasible. Nature is the most important of the five environment information
criteria,'”” which are supported by daylight standards.”® However, shades that are not able to
support high spatial frequency information such as nature, may result in loss of important visual
information once the shading solutions is deployed. Tinted glazing reduces the overall
differences in chromaticity in the view. Therefore, they will exert a greater influence on the
urban content, which has an unnatural and more nuanced colour gradient, as oppose to nature.®
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Although Table 4 summarised the main design characteristics we had covered in earlier
sections of our work, other arguably more apparent impacts caused by shades (e.g., reduced
daylight illuminance when using darker fabric shades), still need to be considered. Even though
some design characteristics are less relevant to, or do not directly affect, view clarity, a holistic
outlook towards view clarity is still required to balance different design objectives. This may
include building aesthetics that is influenced by the type of shading deployed and operated,
which may even become potential barriers to view clarity, particularly when the shading system
does not compliment the overall design of the building. For example, manually operated fabric
blinds are often drawn to different heights that could give an undesired staggered appearance
from both the inside and outside of the building. However, Automated blinds can be configured
to provide a more uniform look while also providing similar levels of view clarity to their
manually operated counterparts.

Venetian blinds and louvres will also contrast against their background (i.e., the window
view or shaded fagade surface, creating stripe patterns that are uncomfortable to look at.” When
the slats are spaced 5 cm apart, the pattern has a spatial frequency of 3 cycles per degree at a
distance of about 8 m which is the most aversive.” To design louvres that are not stressful is
difficult because the range over which stripes are stress extends from 0.7-15 cycles per degree.
Stripes formed by the warp and weft of roller blinds will also coincide with spatial frequencies
less than 10 cycles per degree,'?® causing elevated visual stress that is more likely to be a
problem for occupants sitting close to the window.

Another important consideration would be when view clarity conflicts with other important
design requirements, which could be with unrelated window view criteria (e.g., thermal comfort

or discomfort glare'®

or criteria related to the window view (e.g., view content or access). For
example, our previous work recommended a WWR and horizontal view angle of at least 25%
and 350, respectively, to meet minimum view access requirements that are independent of
daylight performance.* For glazed facades that provide sufficient view access but are unable to
achieve Daylight Glare Probability values below the minimum threshold ( < 0.35) in the
European daylight standard,” ensuring sufficient view clarity could be a challenge when the
designer is unable to modify the size or position of the window opening. Window shades may be
deployed for prolonged periods to avoid visual discomfort, causing conflicts between design

requirements for view access, discomfort glare and view clarity.

6.2. Temporal changes to view clarity

The VCI" is a metric that quantifies view retention for fabric shades. However, this does not
consider every shade type covered in Table 4 or the dynamic operation of certain shades. The EN
14501% recommends clarity is measured when the shades fully obscure the window opening.
However, this does not necessarily reflect how occupants will operate adjustable shades (e.g.,
fabric shades or smart glazing). Although adjustable shades, such as fabric shades, still obstruct
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the view out," their reductions in view clarity can be short-term and optional compared to
inoperable shades, and the view became a motivating reason to reopen blinds, particularly once

131

discomfort sources subsided.””' A conceptual dynamic view quality metric has been proposed to

132

extend the VCI for situations that deploy dynamic shading,’>* although this has yet to be

calibrated by human-subjects experimentation to verify its accuracy.

Occlusion patterns that minimise view clarity could be understood from glare control
schedules or behaviours that are informed by automated or manually operated blinds. Facade
irradiation measurements have previously been used to predict manual blind occlusion
patterns.'** Blind occlusion patterns are easier to discern when the blinds are automated. Not only
does this strategy significantly reduce (i.e., 45% to 79%) building energy loads,"** reductions in
view clarity directly correlate to blind deployment schedules.

Automation integrated into dynamic control strategies has been applied to tint states for
chromatic glass.'* Occlusion patterns for view clarity could also correspond to the Annual
Sunlight Exposure metric,” creating synergies between daylighting and view targets with the
same daylighting performance indicator. In other words, designers will aim to minimise excess
daylight exposure to maximise view clarity, which in turn, subsidises the utility for this
performance metric. A caveat to these approaches is that shades are only deployed in response to
high daylight admittance, but not other reasons that motivate blind use. Nearby buildings or
ground floor spaces increase the risks of privacy'® that also cause blinds to be deployed.
Electrochromic glazing and automated blinds also can provide occupant control through physical
switches or digital apps for conditions not accounted for through an automated system.

6.3. Drawbacks of view clarity

A significant drawback of high view clarity is the increased likelihood of bird collisions.?!
Approximately one billion birds die annually when they collide with windows,"*® which is
exacerbated by unobstructed fully glazed facades.””” LEED Canada'*® recommends placing
nature (e.g., trees) either nearby (<0.9 m) to avoid reflections on the glass or far away from the
building to avoid birds mistaking reflections for vegetation, and also the use of exterior shades or
other facade treatments (e.g., etched or fritted patterns).LEED version 3'*° uses Threat Factors to
gauge the risk the facade has to birds (Figure 8). Designs are referenced against a Threat Factor,
ranging from O for opaque glazing to 100 for clear glass,'*” and when the Threat Factor exceeds
15, the bird collision deterrence requires collision ratings to be calculated. While solutions
reduce the risk of bird collisions,"**!'*! these also minimise view clarity. Other bird safe glass
solutions reduce the Threat Factor without comprising view clarity. Since many birds can see
light within the ultraviolet spectrum (320-400 nm),"** windows with ultraviolet reflective films
allow them to see visible patterns that are otherwise invisible to humans.'®
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A | 3 v
Figure 8 Three different facades showing: solid shading solutions created by external louvres
with low view clarity and a Threat Factor of 5; bird-safety glazing installed on an airport

144

facade'** with continuous frit patterns and a Threat Factor of approximately 25; and unobstructed

fully glazed facade with high view clarity and a Threat Factor of 100

Another important consideration is at night. Window views are transmitted into the building
by daylight reflected from outdoor view content.'* If the view content is brighter than the surface
of the shade material, the fabric will appear more transparent. This phenomenon is reversed at
night-time, when electrically lit spaces are brighter than outdoors, making it easier to see into the
building, rather than out. Reduced or no view clarity has important consequences at night, when
reducing visibility into the building may be equally important as being able to see out during the
day. External views into the building are much clearer to render when interior lighting exceeds
exterior lighting, posing an increased privacy issue. Dynamic glazed solutions can be installed to
include a “night mode” setting, preventing light spillage by up to 98% while also controlling for
light trespass and pollution into the neighbourhood. '

7. Conclusion

View clarity describes how clearly view content can be seen through windows. We reviewed
current building standards and scientific literature to highlight how view clarity can be
considered into the design process of window views, thereby ensuring that the benefits views
convey to building occupants (e.g., health and wellbeing) are achievable.

We introduced three parameters that underpin view clarity: 1) obstruction properties, 2)
content view properties and 3) the observer. Our work discussed how each influenced view
clarity. Our work revealed interactions amongst each property that cannot be overlooked. The
impact the same shade component has on view clarity is contingent upon the visual
characteristics of the view content (e.g., its distance or colour). Designers should carefully
consider how different types of shades interact with the available view content to optimise
clarity. To facilitate this decision-making process, we categorised the shades into three unique
groups, namely: fabric, solid and glazing solutions. The impacts each shade group along with its
corresponding impacts to view clarity were outlined in Table 4.
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View clarity cannot be accurately defined by one prediction model given the nuanced
requirements that need to be included into the design process. While high view clarity generally
conveys benefits to most buildings, certain exceptions arise from privacy being a more important
consideration than clarity in some spaces (e.g., bathrooms or office space) and at night time.
View clarity is also multifaceted, requiring designers to consider both the duration and amount of
view that remains clearly visible during building operation. Lastly, the pursuit of high view
clarity has notable drawbacks, with the heightened occurrence of bird-related threats being a
noteworthy issue when designing large unobstructed glazed facades.
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Appendix A: Green certification systems that recommend shading

Table A1 List of green certification systems that assign credits and criteria for shading devices

Certification system

Credit

Purpose

Criteria

BEAM version 2.0

SS7: Sustainable site

Wildlife-friendly building

Design that avoid bird collision on windows (e.g. use
pattern on glass/ facade/ shades, translucent glass)

BERDE GBRS version 2.2

EQ-05: Glare control

Glare control

Install a user-controlled shading system to all windows,
glazed doors and roof lights in all regularly occupied
spaces of the project

BREEAM NC:2018°

HEA-01: Visual comfort

Glare control

Ensuring the use or location of shading does not
conflict with the operation of lighting control systems

Green Building Index
version 1.0%

EQ9: Lighting, visual &
acoustic comfort

Glare control

Where blinds or screens are fitted on all glazing and
atrium as a base building

Green Globes:

Design for New Buildings
and Retrofits'*®

G.3: Lighting

Natural light exposure, and
promote well-being and
comfort.

Specify solar shading devices to enable occupants to
control brightness from direct daylighting

Green Mark for Residential
Buildings:2016°

Part 4 - Smart and
Healthy Building

Glare control

Provision of any of the strategies for at least 90% of
residual units with glare:

@® Blinds and screens
@ Lightshelf

® Glazing treatments

Green Star:

South Africa version 21>°

IEQ-05: Daylight Glare
Control

Glare control

Daylight glare control is usually in the form of internal
blinds. Other sun shading solutions are used on
projects that reduce daylight glare.

Green Star:

New Zealand version 3.2%%!

IEQ-9: Daylight Glare
Control

Glare control

For each typical glazing configuration on each facade,
fixed shading devices shade the working plane OR
Blinds or screens are fitted on all glazing and atriums
as a base building provision

IGBC Green New Buildings
Rating System version 352

SA Credit 3: Passive
Architecture

Minimise negative
environmental impacts

Climate-responsive concepts and design features (e.g.
shading devices, extended louvres)

LEED India: 2011*3

IEQ Credit 8.1: Daylight
and Views - Daylight

Promote outdoor
connection through

Designs that incorporate view-preserving automated
shades for glare control may demonstrate compliance
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daylight and views

for only the minimum 25 fc (270 lux) illuminance level

LO5 Part 2: Integrate

H 11
WELL version 2 Solar Shading

Indoor daylight integration
for visual tasks along with
electric lighting. Promote
outdoor connection through
windows

All vertical transparent envelope glazing has shading
that meet one of the following:

@® Manual shading controllable by regular
occupants at all times. Shades are regularly
opened once a day for all days that the project
is in use

@® Shading is automated to prevent glare
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