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Abstract

The aim of this research paper is to study the possibility of implementing visual illusion in small
spaces to create the illusion of increasing room sizes. This is achieved by using the phenomenon of
eye reaction when exposed to any contrast in lighting levels on visible surfaces, which cause a
suddenly excite the sensitive photoreceptors on retina and in some cases the form of the eye lens is
changed, causing a change in the virtual location of the viewed objects.

In architectural internal visual environments, such surfaces could be walls containing windows. Due
to the effect of the latent frequency of flicker in the retina and the contraction or relaxation of the eye
lens, the viewed object may be visually close or distant causing a feeling of Compactness of space
when brought toward the viewer, and a feeling of spaciousness when walls are pushed away from
the viewer.

The experimental study employs this phenomenon of visual illusion in architectural spaces, and is
conducted by designing a virtual living room that has a number of windows of constant total glazing
area distributed and placed on single or more walls in the room. Thirty-six different cases are
studied, pictured and compiled in preparing a questionnaire. The aim is to derive the effect of
windows' distribution on the viewer's impression due to changing room size.

The results show that a large window placed on a single wall leads to feeling of reduced room size.
The feeling of enlarging room size, however, varies according to the type of glazing area
distribution. This contradicts the common knowledge held by many designers that the large single
glazed area provides feeling of more room to the space.

Results are presented as images for four essential cases. Conclusions are stated in order to help
designers gain the optimal implementation of glazed areas especially in housing projects.

Introduction

Most of our visualization in front of us changes subconsciously in accordance with the direction of
incident light falling and location of the viewer. Furthermore, the details on the objects change
depending on the intensity and direction of the light, as well as, the contrast between the light
intensity of the background of the observed objects [1]. Since the retina is affected by the amount of
light directed towards the observing eye, it consequently causes strain, and if the light intensity
increases, visual disability occurs due to the severe reaction of retina's sensitive photoreceptors [2].
In architectural spaces, especially in clear sky countries, windows looking toward external spaces are
illuminated naturally by sun or even by heavy sky illumination and considered as optical stress
source, if such windows are on the observed visual site. Such effect decreases if another lighting
source is directed from the inner space toward the first source (the window), whether this source is
artificial or natural, from window positioned in another direction. The inner source increases the
illumination on the inner spaces or in other words the inner walls and the wall containing the first
window.

The visual disability occurs by the window referred to as " Glare ", where psychologists represent
the problem of visual discomfort or visual disability by stating some formulae [1] (based on the
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process relating the exposed part of the retina to light difference on the viewed object, brain, and eye
lens) [3]. Equation (1) is found of vital importance to our objective in this work. The elements of the
formula are useful when applied to decrease glare's effect and to harvest the benefit of understanding
its details in making the architectural spaces pleasant instead of being uncomfortable.

G={ (B s (W) D}/ Bh oo (1)

Where G is glare constant, B, is brightness of the source, w is solid angle of the viewed source, P is
factor related to the direction of the viewer in the direction of the source, and By, is the brightness of
the surrounding [1].

By studying the features of this formula in relation to visual assimilation and visual illumination
sciences, the idea of studying the ability of implementing this phenomenon in projects of small
houses rises, by using the psychological aspects related to physiology of vision and the relation of
seeing with assimilation of visual scene. Then it is deemed relevant to study the ability of
implementing visual illusion to visually increase room size in housing projects, implemented by
positioning the lighting source (window) via studying the effect of the ratio of glass size to number
of windows in such a way that the quantity of light entering the room remains approximately
constant, but changing light direction facing the viewer to decrease the feeling of tiredness using the
idea that any visual stress raises tension reflected by the viewer behavior and to overcome the
psychological distress giving comfort and feeling of openness [4] .

The process of Vision

When light enters the eye through the optical system of the eye (cornea, exterior chamber, lens,
posterior chamber to the retina), the light falls on the sensitive cells of the retina to send electrical
signal to the brain to give the picture accordingly.

The amount of incident light is distinguished by the cells, according to the intensity of incident light
and the image of the objects is formulated as a result of the difference of shade intensities on it. It is
known that if there is no difference in intensities on the object, one can see all things as plain
surfaces, also if an object is illuminated by intense light, it will spread over the sensitive cells on the
retina causing stress on it and disabling it from viewing the fine details of the object perfectly,
therefore all details will be lost.

The intensity of light and the disability of seeing does not depend only on level of light intensity
incident on retina , but on the difference between the lighting source to the intensity of the
surrounding [5], or in other words because of the difference between the intensity of the illumination
of the observed object to the intensity of its background and the intensity of the adjacent
background, which is considered as the important factor in the degree of visual comfort or the
degree of visual disability. This can be clearly seen when one watt light beam is oriented toward a
viewer in dark night where part of the retina receives a very large percentage of light in relation to
the dark background , causing glare disability, even if the light intensity is low but the retina can’t
cope with it, and due to that, illusions can occur due to a process called Lateral Inhibition, which in
some cases change area or size of the viewed objects [ 6 ].

Optical Illusion

Optical illusion is visually perceived images that differ from objective reality, the information that is

not compatible with the physical measurements of the stimulus source [7].

For the aim of this research, few types of illusion are going to be discussed in order to be

implemented in this paper and in housing projects.

- Illusions due to the spreading of white light on retina sensory receptors causing a feeling of

increasing original size of the object, see ( fig. 1 ). The white square seems to be larger than the

black_one, while the small black square was cut from the large black square, so they are originally

of same size [7 ].

- Illusion due to the number or time intervals between electrical pulses of visual information

supplied to the brain, and the ability of brain in distinguishing between the number of images per
18




second (called latent frequency of flicker) [8], which called in another words OPPEL-
KUNDT illusion [9,10] Such illusion, see Fig. ( 2 ) causes increasing the length of square shape by
increasing the vertical divisions, due to the effort of the eye in scanning the multiple divisions

Fig (1) Showing the light contrast illusion

Fig (2) Showing the effect of Oppel — Kundt illusion

Looking through and toward Windows

If one is looking through a window by allowing things to be illuminated by natural lighting whose
rays fall on retina and form its images is explained later by brain, but this observer while looking
through window can see all objects and can realize all details if the percentage of light intensity on
the seen parts is between 1-10 from the light falling on the body of the object [11] (while the author
from his experience found that for ordinary viewing from inner space toward external garden the
ratio can be 1-20) . However, if the percentage increases, the details will begin to diminish till some
of the details of the objects and the viewed features, which are located in the shade or inside group of
dense and dark trees will completely disappear.

But if the viewer withdraws inside the room, away from widow opening, he will be facing large
amount of light entering from window falling on the viewer's eye which make him not just looking
at the window but also to the wall containing the window. Then picture seen in front of the viewer is
a scene of the body of the wall and the body of the window, and thus the percentage of light intensity
of the window to the illumination of the background (the wall) is very high, which the retina is
subject to high lighting contrast between the window, as light source, and the wall which is in shade
with low light intensity causing high contrast, or in other words causing glare on viewer eye.
Thereby, the light spread over the sensory receptors on the retina causes a feeling of enlargement of
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the size of the seen, as if the distance between wall containing window is propagated toward the
viewer, shortening of distance between the wall and the viewer causing delusion in reduction room
size. Therefore, the window overlooking external naturally illuminated space becomes a reason in
reducing visually the area of the inner space, but if the percentage of the light coming from window
to the illumination of the wall is low (about 20 times) the viewer will see that the external space
becomes an extension of the room, therefore one will feel that the window has added extra space to
the room size.

Such feeling usually occurs with windows overlooking an inner garden with moderate intensity of
illumination, especially if the overlooking window is large, and this is extreme opposite of what
happens when large windows are overlooking external garden.

Rooms With Glass Wall

Although rooms with complete glass wall overlooking outer space don’t have much contrast with the
illumination of the walls containing the window , and that because the walls containing the window
are perpendicular to the window frame, which have gradual intensities varying from the adjacent to
the window to the room depth, there is a kind of sensible illusion by the viewer; it is the decrease in
comparison to the decrease of viewed external area till the viewer feels optically positive when the
external space is within reasonable area in relation to the room area and its lighting intensity not
being more than 1:20 of room lighting.

It has to be stated that from the concept of optimal comfort in architecture that any variable must not
dominate another variable, this includes the increase of glazed area will lead to a significantly
negative impact on the process of heating and cooling and the reduction in energy expenditure,
which make the use of fully glazed wall inconsistent with the principle of reducing polluted energy.

Discussion

From above, it is seen from visual physiology, that one can state some questions:

1-If window with fixed glass area is divided into separate windows; does that help in increasing
visually the length of the wall containing the window?

2- If the window with fixed glass area is divided into number of windows, some on the original wall
and the other in the adjacent wall, does that help more in visually increasing room size due to the
light falling on walls containing the windows?

The answer is:

- According to what we have known from the recommendations on preventing peoples from glare
effects that if light source (window) is reduced or dividing it into parts aspirated by reasonable
distance, the person will concentrate on one of the small part and less concentration will be on the
other parts [1]. According to the division of the viewing solid angle, therefore it seems that the
division of window into two or three windows will help in visually increasing room area due to the
reduction on the so-called Lateral Inhibition in retina which affect the degree of enlarging the seen,
and visually decrease the withdrawal of the wall containing the window toward the viewer.
Furthermore, according to Oppel - Kundt illusion, the separation will increase the length of the wall,
and in consequence help in increasing visually room area fig. (2).

- If the divided window is placed in to adjacent wall, this will help better in visually increasing room
area because each wall will be illuminated by the set of windows placed in the adjacent wall,
therefore the contrast between the illumination of the window and the illumination of the wall
decreases which decrease the Lateral Inhibition in retina, and on the other hand if the adjacent wall
containing two windows or more, Oppel — Kundt illusion helps in increasing length of both walls,
which in return visually increasing room area[12,13]
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Practical Answer is:

To verify and reassure the reader of the correct answer to questions which appear in this area, virtual
reception room of ( 4.5X7) meters was designed with 36 cases of window positions. Pictures of these
cases were presented to more than one hundred architecture students.

The results on four pictures fig. (3,4,5) showed that more than 60% of the questioned consider that
dividing the fixed glazed area into two parts give a visual sense that the room becomes larger, and
85% considered that dividing the glazed area into three parts, the room becomes more spacious, and
96% considered that room area becomes bigger when windows are distributed onto two adjacent
walls.

The three sets of pictures shown below give us assurance of the validity of our findings in the
theoretical framework of the vision process.

Conclusions

Implementing the idea of dividing glazed area to number of windows helps visually in increasing
room area in houses of small area, which helps residents to feel more happy in their homes, and help
in reducing glare discomfort in side rooms.

Placing the windows on two adjacent walls largely helps in reducing glare and in increasing room
area.
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Fig(3) Reception room with large single window

Fig(4) Showing the visual effect of dividing Window in to two parts
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Fig(3) Reception room with large single window

Fig(5) Showing the visual effect of dividing window in to three parts
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Fig(3) Reception room with large single window

Fig(5) Showing the visual effect of dividing window in to five parts on two walls
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