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Abstract 
 

The study emphasizes changing light conditions in architectural spaces as a major factor 

on human eye adaptation, which represents a potential case for a visual shock. This visual 

shock is experienced when occupants encounter a sudden field of light whose intensity is 

above or below the limit of human eye adaptable range. To examine this condition, a new 

methodology is developed and outlined. It identifies the visual shock within transitional 

spaces and allows architects to investigate strategies that influence visual comfort. The 

physiological field of vision analysis is used to first critique, then to adjust, and finally to 

interpret scenes within transitional spaces. The methodology begins by using a 180° 

angle fish-eye lens camera to capture 3-D photographs along a selected pedestrian 

pathway. The photographs are overlaid by a “field of view” diagram to deduct areas 

obstructed by human facial features (eyebrows, cheeks, and nose). Area weighted 

percentages of the net view profile is then calculated using an overlay hemispherical radial 

grid. These percentages represent the cut-off vision (0%), the one-eye vision (12.5%), the 

peripheral vision (25%), and the central vision (50%). Image metamorphosis is done by the 

aid of the Adobe Photoshop software to restrict the image to four monochromatic 

contrasts of shade. Parallel to photographs, actual light intensity readings are collected 

and calibrated to each assigned contrast on the images. To illustrate the methodology, a 

case of a person experiencing an extreme discomfort by walking in the direction of a 

blinding sunlight source has been chosen and investigated. 3-D Computer modeling is 

then adopted to investigate the different architectural daylight solutions as suggested by 



 XV

the modified design and predicts a visual comfort. This method provides a successful tool 

for investigating light in transitional spaces as well as contributes to enhancing pedestrian 

awareness of their surrounding environment and clarity of visual information. 
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Chapter 1- Introduction 
 

This chapter will establish a brief understanding of the human spatial interaction in 

transitional spaces, present the thesis problem, and introduce historical precedents 

showing different patterns of designing light in architectural spaces. 

1.1 The spatial experience of transitional spaces. 

“Chora is both cosmic place and abstract space, and is also the substance of the human 
crafts. In architecture it would undermine the common distinction (that in fact dates only 
from the nineteenth century!) between contained space and material container. Most 
importantly, it would point to an “invisible ground” that exit beyond the linguistic 
identity of being and becoming, of words and world, of signifier and signified, while also 
making language and culture possible in the first place. It is the “region” of that which 
exists.” 

 
Alberto Perez Gomez1 

 
The process of visual perception: “Seeing is not a passive response to patterns of light; 
rather, it is an active information-seeking process directed and interpreted by the brain. 
Visual sensory data are coordinated with incoming contextual information from the other 
senses related to past experiences of a comparable nature, and given attention or not 
depending on whether the incoming stimulus, not its absolute magnitude, which generally 
determine its relevance and, finally, its importance. This in turn largely determines what 
we look at and what we perceive.” 
 

William M.C.Lam2 
 
   Architecture is the output of intellectual interaction between man and society with all 

its materialistic and “chora(ic)” evolutions. Transitional spaces and its relationship to 

urban fabric and architectural built environment is merely a sincere reflection of such 

experience. In fact, the issues of transitional spaces have a perceptual, technical, and 

artistic value. The spatial experience of human existence at different levels of these 
                                                 
1 Steven Holl, Juhani Pallasmaa and Alberto Perez Gomez. “The Space of Architecture: Meaning as presence and representation” In 
Questions of Perception: Phenomenology of Architecture, P.13 Tokyo: ¯E ando Y¯u, 1994. 
2 Lam, William M C. “Introduction” In PERCEPTION AND LIGHTING AS FORMGIVERS OF ARCHITECTURE, ed. Ripman H. 
Christopher, P. 35, USA: McGraw-Hill, 1977. 
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spaces utilizes all of the senses and specifically that of visual quality. In this instance, 

visual comfort in transitional spaces is one of the common design solution used in 

traditional architecture. 

As is evidenced by some examples and precedents, transitional spaces are considered a 

major theme and have always been the chora of the external environment. Furthermore, 

transitional spaces are intended to contribute quality of movement in a variety of ways:  

aesthetically, ecologically, behaviorally and psychologically. Although there is literature 

that addresses the issue from the aesthetical side, it is important to present transitional 

spaces from a perceptual, technical, and artistic standpoint combined. And most 

importantly to present and discuss design strategies as well as to understand and establish 

links with different patterns of light in transitional spaces. 

1.2 Research hypothesis. 

   The research that I plan on pursuing is to obtain an answer to the question: How should 

architects intervene with visual comfort in transitional spaces to eliminate the visual 

shock? This question can be further broken down into several categories: What is the role 

of transitional space? What physical features must be present? How building in materials 

that disregard visual quality can be avoided? How can this space aid in constructive 

human interactions to visual comfort? 

1.3 Hypothesis assumptions.  

   There are several assumptions in relation to the research problem that need to be 

clarified: First, transitional spaces should particularly create a layered architectural 
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composition that should be evident between outdoor urban fabric and indoor architectural 

spaces. This includes the three types of the transitional spaces: 

- A connecting space that offers an introduction to the next space: Arrival. 

- It contains the movement as you travel from one spot to the next: Passage. 

- It provides a space to adjust from one experience to another: Transition. 

Second, visual quality, which is supplied scientifically and objectively, should develop 

the intuition of designer.  

Third, to understand visual comfort: for this assumption some definitions are necessary:  

- Comfort is a subjective matter and will vary with individuals. It involves a large 

number of variables. 

- Visual comfort within a space depends on the contrast levels and luminance 

variations across the space. 

- Distracting focus, patterns of bright sources and glare are elements of visual 

discomfort. 

- Glare is one of the most common causes of visual discomfort and can result in the 

occupant having to interact with the lighting sources. 

- The higher change in intensity is perceived based on the daily sun path as the 

major source of light and receiving surfaces as secondary sources of light.  The 

overall effect is directly related to the occupant’s field of vision orientation. 

Fourth, to break the monotony in the state of model art that must be analyzed with a 

critical eye through content analysis and guided by criteria of differentiation and 

integration of light in transitional spaces. 
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The reconstruction of the above assumptions is vital to the idea of visual comfort in 

transitional space and even more so to that of its space experience. Its relationships is 

formed by the environmental human needs, visual perception, human’s eye adjustable 

range and visual field, space features, and their combination within the physical design.  

1.4 Historical precedents. 

   Throughout history the essence of identifying aspects related to urban and architectural 

transitional interventions is one of the most important issues that has been always studied. 

Mainly, transitional interventions are architectural constructs utilizing the controlled 

environment of a given context to enact architectural change. They eloquently and 

precisely reenacted a perfected human state beyond their spaces. This has direct spirited 

intervention to architecture application and hence self to sense of place interaction. 

“… there must be three components of reality: first, “the unchanging form, uncreated 
and indestructible, imperceptible to sight or other senses, the object of thought” (Being); 
second “that which bears the same name as the form and resembles it but is sensible, has 
come into existence, is in constant motion… and is apprehended by opinion with the aid 
of sensation” (Becoming); and the third chora, “which is eternal and indestructible, 
which provides a position for everything that comes to be… (space/place) [or perhaps the 
region of an specific place (reality) in space]” 

Alberto Perez Gomez3 
 
The treatment of surfaces forming architectural environments has been revealed as one of 

the most important traditional values. What aspects of visual perception can best benefit 

architects when designing the built environment? To answer this question, we need to 

define and design spaces in that light satisfy specific environmental human needs. In fact, 

historical contexts strongly influence the visual quality. An essential issue in relation to 

                                                 
3 Steven Holl, Juhani Pallasmaa and Alberto Perez Gomez. “The Space of Architecture: Meaning as presence and representation” In 
Questions of Perception: Phenomenology of Architecture, P.12 Tokyo: ¯E ando Y¯u, 1994. 
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visual quality is light. For instance, the structures and enclosures of the classical 

civilizations of Greece and Rome are frequently considered the value for western 

traditions of spatial design. Carefully studied, meticulously drawn and proudly imitated, 

they are established as standards of quality with regard to their sensitivity to site, their 

internal harmonies of scale, proportion and materials, and their unique space-making 

characteristics. The conceptual design basis has been consciously or intuitively 

incorporated into much of visual perception. On the other hand, Light in the earliest 

buildings was used by their designers for both function and aesthetic effect. For this study 

a few examples are quoted: 

Egyptian temple of Karnack (fig.1-1): It reveals in its linearity the basis of its 

architecture. Light was introduced at changes of roof level in the outer court to provide 

shafts of sunlight onto statues. Its quantity was intentionally varied to reinforce the axial 

sequence through the great hypostyle hall and finally to the darkest inner spectrum.  

     
fig.1-1, Perspectives: showing axial sequence through space, and slabs of stone to filter light4 

                                                 
4 http://www.muc.muohio.edu/~studio/mark/html/History.htm 
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The rotunda at the pantheon in Rome (fig.1-2):  built by the emperor Hadrian in the 

second century, it is a circular domed building with a interior diameter and height are 

exactly same of about 43m, having 8.9m in diameter skylight oculus in the center of the 

hemispherical dome through which light can penetrate.  

 
fig.1-2, Perspective: showing the spatial effect of light in the space5 
 
Four century later Hagia Sophia in Istanbul built by Justinian and considered to be the 

masterpiece of Byzantine architecture has a 32m diameter dome penetrated by a circle of 

40 windows giving light. From the lightness of the building it doesn’t appear to rest on a 

solid foundation. (fig.1-3) , and (fig.1-4) 

                                                 
5 http://www.muc.muohio.edu/~studio/mark/html/History.htm 
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fig.1-3, Hagia Sophia isometric elevation. (after Rowland J. Mainstone)6 
 

  
fig.1-4, Four arches swing across the piers, linked by four pendentives.  The apices of the arches and the 
pendentives support the circular base of the huge central dome7. 
 

                                                 
6 http://www.patriarchate.org/ecumenical_patriarchate/chapter_4/html/hagia_sophia__page_1.html 
7 http://www.muc.muohio.edu/~studio/mark/html/History.htm 
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1.5 Summary. 

   In summary, the entire progression of relationships and understandings rests on the 

level of interaction between human and space. In fact, the task of architecture is to create 

a space in that human can communicate with their own existence. Hence, interaction is 

generated by the ability to change perception within the space. This implies that chora 

linked to architecture. They should merge into a multiple experience. This directly links 

the theory of perception and that of design. In fact, the understanding of this aesthetic 

sense derived from the changes and the unique design of spaces in traditional 

architecture.  

Ideally, compositions were developed to make possible desired lighting and spatial 

effects. Lacking the understanding of the basic principles of luminous in relation to visual 

perception is critical. There should be conventional approach to the design of the 

luminous environment. Design concepts are the missing ingredients. In order to deliver 

powerful lighting, these concepts should be stated correctly in terms of visual perception 

principles and human environmental needs for visual information.8 

 

 

 

 

 

                                                 
8 Lam, William M C. “Introduction” In PERCEPTION AND LIGHTING AS FORMGIVERS OF ARCHITECTURE, ed. Ripman H. 
Christopher, P. 10-11, USA: McGraw-Hill, 1977. 
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     Chapter 2- Environmental Human Needs 
 
This chapter will relate the human biological constructs and the environmental needs to 

the architecture sense.  

2.1 Scene needs. 

   Clearly, it is necessary to distinguish wants and needs.  

- Needs would be defined as services that are required for human activities. 

- Wants are services that are not necessary but we desire or wish for while 

performing our activities.  

In order to investigate how scene needs influence architecture, it is useful to start with a 

series of questions that is not meant to be a complete set; only a starting point for an 

investigation: 

- What are the human activities?  

- Is there an appropriate focus to execute these activities? 

- What are the planes of the activity?  

- Is it two or three-dimensional act engagement? Vertical or horizontal? 

- Why do activities resemble scene needs?  

- What types of activities correspond more closely to environmental human needs?  

- Are human predisposed to like and feel comfortable with certain types of activity? 

- Can we live in and around activities that contradict our needs?  

- How the scene affects the process of visual perception? Why? 

While performing any activity, a person must think of what he/she need in order to do 

that activity. Whether it is visual information, appropriate focus,…etc. Architecture 
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should provide the setting for this activity. This setting is related to what we proposed as 

being the “scene”. Hence, to engage successfully in almost any scene, human need 

certain definable types of visual settings.  The essence of identifying aspects related to 

our visual settings is one of the most important issues that should be studied. Basically, it 

is desirable to create an appropriate hierarchy of foci on activities in space. The setting 

should specify both the data sources one would utilize and the sequence in which the 

activities would be used. Soft illustration of the previous questions will help in defining 

the related perceptual and spatial formal concepts needed to achieve our activities (with 

the “essentials”) in a good multiuse luminous environment.9 

2.2 Environmental psychological needs. 

   To resolve aspects in how mankind relates to its natural and built environments, the 

focus should be on the connection between architecture and inherited structures in the 

human brain that influences the mind’s function. William James in his book, The 

Principles of Psychology, wrote: 

“Millions of items of the outward order are present to my senses which never properly 
enter into my experience. Why? Because they have no interest for me. My experience is 
what I agree to attend to. Only those items which I notice shape my mind-without 
selective interest, experience is an utter chaos. Interest alone gives accent and emphasis, 
light and shade, background and foreground-intelligible perspective, in a word. It varies 
in every creature. But without it the consciousness of every creature would be grey 
chaotic indiscriminateness, impossible to us even to conceive”10.   
 
Furthermore, our biological structural constructs and environmental needs in relation to 

architecture are considered to be 10 items: 

                                                 
9

Lam, William M C. “Environmental Objectives and Human Needs” In PERCEPTION AND LIGHTING AS FORMGIVERS OF 
ARCHITECTURE, ed. Ripman H. Christopher, P. 14-17, 21, USA: McGraw-Hill, 1977. 
10 William James “The Principles of Psychology” Vol. 1, P. 402, Henry Holt and Company, Inc. New York, 1890. 
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1- Location: formularization of an area in the space that can be used as a context for 

activities. 

2- Orientation: The knowledge of “where you are” or in other words, the one’s 

familiarization within the surrounding.  

3- View: satisfies the physiological need for the eye to adapt and readapt to a specific 

distance. 

4- Light: the need for constancy between lighting gradients and structural modeling. 

Basically, the fact is to admit daylight and exclude sunlight. The interference of 

the sunlight with our activities needs to be severely controlled.(fig.2-1) 

 
fig.2-1, Flavia Irwin, 'Light Definition I' 1996. The title 'Light Definition' comes from Flavia 
Irwin's enhanced perception of color and light when seen through a dark tunnel11. 
 

                                                 
11 http://www.rwa.org.uk/firwin.htm 
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5- Time: the continuum of experience in which events pass from the future through 

the present to the past. it is the fourth coordinate that is required (along with three 

spatial dimensions) to specify a physical event, activity ...etc. 

6- Change: this is the variation of color and intensity due to the time. It influences 

the way in which we as individuals are affected by the appearance of the spaces 

within the built environment. 

7- Enclosure: Volumes, or closed shapes created from planar elements which 

provide both vertical and horizontal separation. (fig.2-2) 

  
fig.2-2, Planar elements may be arranged to define an enclosure which is not necessarily 
continuous12. 
 

8- Modeling: the capacity of light to give form to an object by its directional “flow” 

gives that object its meaning. 

9- Effects: the elements that affect the systematic behavior and mental processes. 

While the human is the primary focus of much of the visual field, the presence of 

other living things is important to the continuous flux of awareness and “need” for 

new environmental information. 

                                                 
12 http://www.cdnarchitect.com/asf/principles_of_enclosure/enclosure_defined/enclosure_defined.htm#top 
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10- Sense of place: the aesthetic, nostalgic, or spiritual effects of physical locations on 

humans based on personal, use-oriented, or attachment-oriented relationships 

between individuals and those locations. The meanings, values, and feelings that 

people associate with physical locations are important because of their 

experiences within that place. It reveals the “pleasure” of being in a place and 

communicate with our own existence by becoming aware of several station points 

of interaction in new locations. 

2.3 Summary: 

   “We are comfortable when we are free to focus our attention on what we want or need 
to see, when the information we seek is clearly visible and confirm our desires and our 
expectations, and when the background does not compete for our attention in a 
distracting way.” 

William M.C.Lam13 
 

To design light patterns in the environment, we must provide specific qualities of visual 

information, which are required for every single scene we perceive. These qualities 

should match both scene needs and environmental psychological human needs.  

 

 

 

 

 

 

                                                 
13 Lam, William M C. “Introduction” In PERCEPTION AND LIGHTING AS FORMGIVERS OF ARCHITECTURE, ed. Ripman H. 
Christopher, P. 14, USA: McGraw-Hill, 1977. 
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Chapter 3- Visual Perception 
 
This chapter will discuss the process of human eye visual perception, and perceptual 

psychology  

3.1 Eye physiology: 
 
   Most of our knowledge of the environment comes through the human eye. As an 

overview, the human vision is experienced when light enters the eye through the pupil, 

which is an opening in the iris that changes its diameter to control the incoming amount of 

light. Behind the pupil sits the lens, which actually changes shape as you try to focus on 

something (accommodation). The retina, which is a sensitive surface on the rear of the eye, 

receives the incoming light after being focused by the cornea in the front of the eye and 

send the information on to be processed by the brain. (fig.3-1) 

 
fig.3-1, Cross section of the human eye.14 

 
3.2 Perceptual psychology: 

   Perceptual Psychology technically covers all sensory modes of perception. To focus the 

study, visual perception process will be the particular aspect that is going to be narrated. 
                                                 
14 http://hyperphysics.phy-astr.gsu.edu/hbase/vision/eye.html 
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The patterns of sensory stimuli, which are recorded by our senses and reported to the 

brain, are in a continuous state of flux. After the projection of the image on our retina, 

whatever perception is occurs, and we develop a mental representation of image. 

Therefore, visual perception is the process of establishing linkage between incoming 

stimuli and prior experience by subconscious mechanism, which matches similar items in 

our “primitive” or past experience. Intuitively, perceptual psychologists classify the 

process into three components of perception:15 (fig.3-2) 

1- Attributive: gives the meaning of the incoming stimuli, classifies it into 

recognizable levels that matches data in the unconscious memory, and seeks 

general among particular. Context is a factor, which conditions the classification 

and interpretation of sensory stimuli. Classifiable data is going to be recognized 

by the unconscious memory. Unclassifiable data (unfamiliarity of data) will cause 

biological defense mechanism to set off until the new data is classified. 

2- Expectation: associated with sequence of events, and influences the subsequent 

selection of sensory inputs by redirecting: attention, controlling eye movements, 

scanning patterns, determining the attributive files in the unconscious memory. 

Evaluation is always dependent of expectation.  

3- Affective:  stimulus affecting the evaluating response to it, influences the amount 

of attention which is paid to any element of the visual field and the subsequent 

selection of sensory inputs by redirecting: focus (searching for great detail), and 

filing (in the unconscious memory). 

                                                 
15 Lam, William M C. “The Process of Visual Perception” In PERCEPTION AND LIGHTING AS FORMGIVERS OF ARCHITECTURE, 
ed. Ripman H. Christopher, P. 31-35, USA: McGraw-Hill, 1977. 
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3.3 Conscious visual perceptions. 
 
   Information content and context decide the pertinency to important current images and 

accordingly data will be filed or get great focus. This determines what we look at and 

what we perceive. Basically, the eye searches the visual environment automatically for 

signals, which supply information relevant to the satisfaction of scene or environmental 

human needs. This is not directed by conscious mind. But when a significant change 

happens then a conscious attention needed.16 

The interpretation of scenes in reference to our unconscious memory is covered by the 

process of perception, while conscious visual perceptions are determined by our prior 

experience. Keep in mind; it is impossible to perceive two distinct interpretations to the 

same stimulus because the conscious mind can only be given one holistic interpretation at 

a given time.  

3.4 Factors in analysis of the quality of human visual perception. 

   Designers must realize that the senses of an environment are directly dependent on how 

will they anticipate and then consistently confirm the positive expectations of the 

occupant.  

The factors in analysis of the quality of human visual perception are:  

- Attention (for filing) and Experience (for focusing) of the observer. 

- Characteristics of the object: form, optical size, inherent contrast, color texture, 

specula, and reflectance. 

- Simultaneous contrast. 

                                                 
16 Lam, William M C. “Environmental Objectives and Human Needs” In PERCEPTION AND LIGHTING AS FORMGIVERS OF 
ARCHITECTURE, ed. Ripman H. Christopher, P. 35, USA: McGraw-Hill, 1977. 



 18

- Context: information content, patterns, and figure/background separation. 

- Adaptation. 

- Illumination qualities: geometry, dispersion characteristics, directionality, spectral 

type, quantity, polarization, number and type of sources, consistency of 

directional characteristics, and color rendering effect. 

- Presence of focus or distraction in the luminance environment. 

Note that the quantity of light is one of the factors which determine the visual quality; but 

it is usually a relatively unimportant factor.17 

3.5 Summary. 

“Light can be defined as that part of the electromagnetic spectrum which excites the retina 
of the eye and produces a visual sensation.  Vision is particularly vital because of its role in 
most functions requiring perception of both spatial relationships and detail.  Architecture is 
experienced primarily through vision.” 

Nader V. Chalfoun18 

The eye physiology adapts to multilevel of light by a self-regulating mechanism without 

conscious control; the mind responds to the incoming information. Knowing what 

luminance environment to convey for this information is very important than specifying 

arbitrary general light levels. Simply, this lies at the heart of the design process. 

 

 

                                                 
17 Lam, William M C. “Environmental Objectives and Human Needs” In PERCEPTION AND LIGHTING AS FORMGIVERS OF 
ARCHITECTURE, ed. Ripman H. Christopher, P. 57, USA: McGraw-Hill, 1977. 
18 Chalfoun, Nader. “PERCEPTION OF LIGHT, COLOR AND VISUAL COMFORT” In Fundamentals of Environmental Control 
Systems, P. 21  
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Chapter 4- The Physiological Fields of Vision 
 

This chapter will define the different types of visual fields and introduce aspects related to a 

vital image in architectural contexts. 

4.1 Human field of view. 

   Humans have binocular vision with both eyes focusing on the same center of vision. 

The slight difference in image that each eye receives provides three-dimensional depth. 

The total visual field of both eyes is about 180 degrees wide.  However, facial features 

(eyebrows, cheeks, and nose) obstruct portions of the field of each eye.19 (fig.4-1) 

 

 

Area cut off 
by eyebrows 

Area seen by 
left eye only Area seen 

by right eye 
 only 

Foveal vision 

Area cut off by 
nose & cheeks

Area seen by 
both eyes

180° 

Left eye Right 

Facial 
Eyebrows 
cheeks 
& Noise 
Obstruction 

 
fig.4-1, Human eye “field of view” 

 
The spherical shape of the retina combined with both the variable focal length optical 

system of the cornea and the lens provide the extremely wide fields of view of the eye. In 

this sense, J. Gibson wrote his perception theory that distinguishes between visual world 

and visual field. 1) Visual World: the solid objects and slanted surfaces seen about us. “It 

                                                 
19 Chalfoun, Nader. “PERCEPTION OF LIGHT, COLOR AND VISUAL COMFORT” In Fundamentals of Environmental Control 
Systems”, P. 22 
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is extended in distance and modeled in depth, it is upright, stable, and without 

boundaries, it is colored, shadowed, illuminated, and textured; it is composed of surfaces, 

edges, shapes, and interspaces; finally and most important of all, it is filled of thing which 

have meaning.” It has no center (no central vanishing point) and is panoramic in 

character. 2) Visual Field: it is virtually theoretical, because it is difficult to keep the eyes 

trained into a certain direction for very long. The content of the field are taken in with a 

single glance. The scene is bounded to contain only what is seen when the head and eyes 

are fixed in position. From that station point, the field is sharp and detailed at the center, 

and progressively becomes less detailed and vague outward in the peripheral vision until 

the hypothetical boundaries establishes its limits.  

Accordingly, the author defined two areas of vision 

related to two distinctly different signal paths of the 

retina: Central vision, and Peripheral vision. This 

judgment is based on understanding: The fovea as it 

constitutes our center of vision which is very 

sensitive to detail and color, but less sensitive to light 

and movement, and the parafovea which is 

responsible for the peripheral vision as well as 

extremely light and motion sensitive but lack color 

and detail sensitivity.20 (fig.4-2), and (fig.4-4) 

                                                 
20 Chalfoun, Nader. “PERCEPTION OF LIGHT, COLOR AND VISUAL 
COMFORT” In Fundamentals of Environmental Control Systems”, P. 21 
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fig.4-2, Retina sensory signal path
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4.2 Central vision. 

   The fovea has traditionally been defined using morphological criteria. It looks different 

from the rest of the retina. A more important electrophysiological criteria, the core of the 

fovea, called the foveola, is connected to the brain by a distinctly different signal path 

than the rest of the retina.  

“Just about at the center of the retina is a small depression from 2.5 to 3 mm in diameter 
known as the yellow spot, or macula. There is a tiny rod-free region about 0.3mm in 
diameter at its center, the fovea centralis. Here the cones are thinner (with diameters of 
0.0030mm to 0.0015mm) and more densely packed than anywhere else in the retina. 
Since the fovea provides the sharpest and most detailed information, the eyeball is 
continuously moving, so that light from the object of primary interest falls on this region. 
...the rods are multiply connected to nerve fibers, and a single such fiber can be activated 
by any one of about a hundred rods. By contrast, cones in the fovea are individually 
connected to nerve fibers. The actual perception of a scene is constructed by the eye-
brain system in a continuous analysis of the time-varying retinal image.” 
 

Hecht21 
 

Basically, the central vision used to assist the development and refinement of spatial 

composition. It is mentally moved about from viewpoint to viewpoint toward open spaces 

connected in sequence. It may be thought of as stop-action or freeze-frame as in motion 

photography. The seeing process by the central vision begins to detect design errors and 

problems areas. Consequently, subtleties start to suggest alternatives toward design 

refinement. Keep in mind that perceptual problems are the key -when they are solved (i.e. 

achieving appropriate hierarchy of foci on activities in space)- comfort interaction 

settings are generated by the ability to change visual sensation in the space. This defines 

the theme that states the difference between the environment as designed and the 

environment as perceived by the people who experience in it. 

                                                 
21 Hecht, Eugene, Optics, 2nd Ed, Addison Wesley, 1987 
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4.3 Peripheral vision. 

   The image projected onto the rest of the retina can be cut down defining the peripheral 

vision which is essential for sensing movement, depth perception and orientation. We 

rely on it for many scenes activity. Furthermore, unconscious peripheral vision is 

dimming the sharpness of vision. 

“The perspectival understanding of space gave rise to architecture of vision, whereas the 
quest to liberate the eye from its perspectival fixation has enabled the conception of 
multi-perspectival and simultaneous space. Perspectival space leaves us as outside 
observers, whereas simultaneous space encloses and enfolds us in its embrace… The 
perceptual realm that we sense beyond the sphere of focused vision is as important as the 
focused image that can be frozen by the camera. This assumption suggests that one 
reason why contemporary spaces often alienate has to do with the poverty of peripheral 
vision. Focused vision makes us mere outside observers; peripheral perception 
transforms retinal images into a spatial and bodily involvement and encourages 
participation. That is why a photographic image is usually an unreliable witness of true 
architectural quality.” 
 

Juhani Pallasmaa22 
 

Current research approaches of the field of view evaluate the peripheral processing of 

visual input as related to the structure of the optic flow field. Accordingly, the author 

defines a sequence of percentages illustrating areas of vision that include central vision, 

peripheral vision, right eye vision, left eye vision, and cut-off areas vision.  

4.4 Architectural visualization of the space. 

   Effects of light that will influence the major areas of vision in the field of view usually 

seek answers to perceptual aspects such as the following: significant depth cues 

(depending on how surfaces are detailed), change of major surfaces in perspective, 

position of dominant connecting edges and contours, texture, light sources seen from the 

                                                 
22 Pallasmaa Juhani, HAPTICITY AND TIME. (discussion of haptic, sensuous architecture.) Architectural Review, The, May, 2000 
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station point (Are they exceptionally bright, and do they dominate the field of vision?), 

glare, shadows effect (do they influence spatial depth?), probable light/dark adaptation of 

the eye, visible brightness-contrast, new views (open as a viewer looks generally ahead), 

and next promoted walk.23 

   “The image as a living experience cannot long exist in a frozen structure. For the 
image to remain a living organism, relationships within it must be constantly changing. 
The eye and the mind must be fed with changing visual relationships. Only this changing 
variety can provide the simulation necessary for holding attention upon the picture 
surface”.    
 

Gyorgy Kepes24 
 
In fact, to cultivate an ergonomic approach to architectural design, we should define three 

aspects related to vital image: 

- Focal accents: elements that in a given situation have greater attracting power for 

the eye than others. They are ranked in hierarchical order according to their 

potency to stop the scanning eye even if for just a brief moment.  

- Saccade targets: a rapid intermittent eye movement, as that which occurs when 

the eyes fix on one point after another in the foveal vision. It is attracted by the 

focal accents. 

- Interest centers: enrich the component part of a composition (i.e. mind engaging 

elements). 

The design of architectural space often fails because there are too few or too many 

interest centers, or those that are present are poorly composed in space. Ideally to create a 

humanized architecture, architects need to pre-visualize the space design. Pre-
                                                 
23 Michel, Lou. “Visual perception for architecture” In Light: the shape of space: designing with space and light, P. 29, New York: 
Van Nostrand Reinhold, c1996. 
24 Gyorgy Kepes0. The Language of Vision.  Paul Theobald, P.52, Chicago, 1947. 
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visualization of hierarchical human vision generally responds to focal accents among the 

forms and the surfaces in the designed environment.  

The following focal accents participate in the natural selecting view process in the 

peripheral vision and attract our visual attention according to their effectiveness ranking: 

- People: awareness of the presence of another human being.  

- Movement: will draw immediate attention. Even if occurring in peripheral vision. 

Brightness: is determined by a significant difference in luminance between two 

surfaces. It is the result of comparative luminance.  

- High contrast: strongly differentiate one surface perceived against another.  

- Vivid color: intensely bright as an isolated element in the environment. (multiple 

centers of attraction can be achieved) 

- Strong pattern: will create specialized identity by order. 

- Meaning: related to situations, objects, places. 

- Combinations: any object/segment achieves greater dominance when it combines 

two or more of the focal accents. 

The composition of the above accents is essential to the idea of space experience in 

architectural transitional space. Accents are the basic design features as perceived on the 

surfaces seen by the occupants on pathway. Thinking of these accents order, the architect 

can design a better space.25 

 

                                                 
25 Michel, Lou. “Seeing Form-Space Relationships” In Light: the shape of space: designing with space and light, P.62-67, New 
York: Van Nostrand Reinhold, c1996. 
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4.5 Summary. 

   Vision is part of a complicated network of the total human sensory system. The entire 

progression of relationships and understandings of the physiological fields of vision rests 

on its classification into central and peripheral vision. The participation in a typical 

activity pattern which is attractive and has appropriate focus is what we need. Designers 

should contend with those complexities to stay in control of organizing and detailing the 

surfaces that become the built environment.  
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     Chapter 5- Research Methodology  
 

This chapter will identify the chosen transitional space as case-study to the research 

methodology, investigate and analyze the light intensity of a series of scenes experienced 

by pedestrians as they passes through this transitional space, and end up adopting a 

modified design (if needed) by using different architectural daylight solutions. 

5.1 Case study: Arts Plaza/ University of Arizona (Tucson). 

   At the University of Arizona School of 

Architecture, students used to encounter 

different levels of illumination and 

brightness which intensity is above the 

limit of human’s eye adaptable range. 

Transitional space from outdoor to 

indoor and vise versa are the episode 

through which this happens.  Under this 

guidance, Arts Plaza has been chosen 

and the research will present how much 

the transitional space is successfully 

designed with respect to its visual 

comfort and context. (fig. 5-1), (fig. 5-4) 

Factors affecting the transitional space 

are determined, this include: eyes 

adaptation, field of view, scenes affects 

the process of visual perception, and 

illumination qualities (due to different 

lighting conditions related to several vision 

orientation).  

 
School of Architecture and Landscape architecture, 
facing north-south 

   
View taken while exiting     Under path transitional 
the building, facing west     approach to the Arch. 
                                             Building, facing south 
fig.5-1, Case-study: Arts Plaza/ University of 
Arizona (Tucson)



 28

A 3-D computer model is made to illustrate and present the case study:  

The model focuses on showing the general upper (June) and lower (December) sun paths 

across the sky and its exact position at particular instant of time. The azimuths of these 

extreme positions are as follows: 

     Date             Sunrise  Sunset 

     June 21            61°    299°  

     December 21       119°    241° 

1- On June 21 sun path: the sun is 23° north of the celestial equator and its 

maximum altitude at noon is 79°, which is the sum of 56° and 23°.  

       
09:00 a.m.                                                                        12:00 noon 

         
15:00 p.m.                                                                        18:00 p.m. 
 
fig.5-2, Top view for the Arts Plaza/ University of Arizona (Tucson) on June 21 (sun path) at 09:00 a.m., 
12:00 noon, 15:00 p.m., & 18:00 p.m. 
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2- On December 21 sun path: the sun is 23° south of the celestial equator and its 

noon altitude is 32°, which is the difference between 56° and 23°. 

       
09:00 a.m.                                                                        12:00 noon 

          
15:00 p.m.                                                                        18:00 p.m. 

fig.5-3, Top view for the Arts Plaza/ University of Arizona (Tucson) on December 21 (sun path) at 09:00 
a.m., 12:00 noon, 15:00 p.m., & 18:00 p.m. 
 
The higher change in intensity is perceived based on the daily sun path as the major 

source of light and receiving surfaces as secondary sources of light. These different 

lighting conditions through the year are obviously discomfort. (due to several contrast 

levels and luminance variations across the space). 
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5.2 Part I: Interpretive 

   The objective of this part is to inspect and study the effect of changing light conditions 

in architectural spaces as a major factor on human eye adaptation, which represents a 

potential case for a visual shock. The problem is: How should architects intervene with 

visual comfort in transitional spaces to eliminate the visual shock? For instance, 

definitions in reference to this research problem are: 

- Intervention: (in architecture) is a professional design act that allows for 

architectural change at full scale by utilizing some specific principles related to 

the human environment. 

- Visual Comfort: is a subjective matter and will vary with individuals. It involves a 

large number of variables within a place and depends on the contrast levels and 

luminance variations across the space.  

- Transitional Space: is a space established to link the outdoor urban fabric to the 

indoor architectural structure.  

- Visual Shock: is experienced when occupants encounter a sudden field of light 

whose intensity is above or below the limit of human eye adaptable range. 

This part will be explaining site selection -that include targeting a transitional space 

between indoor & outdoor, defining a pedestrian path along the transitional space, and 

locating station points at equal distance intervals on the pathway based on  an assumed 

speed of a walking pedestrian as well as on their different lighting conditions-, and 

defining visual shock- that include measuring instantaneous light intensities at each 
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interval, capturing photographs at each station point, and selecting the most critical two 

consecutive station points that reveal a potential for visual shock. 

5.2.1 Targeting a transitional space, defining a pedestrian path, and locating station pts: 

The Arts Plaza in The University of Arizona has been selected to be the transitional space 

case-study. After a preliminary interaction and general assessments of the space, A case of 

walking person from the McClelland Hall southbound toward the School of Architecture 

is chosen. On that pathway, twelve station points are selected at 8ft interval. (fig.5-4) 

 
fig.5-4, Location of the twelve station points on the selected pathway in the Arts Plaza 
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5.2.2 Measuring light intensities, and capturing photographs at each station point: 

The 21st March 2004 has been chosen to be the experiment day. The research necessitates 

several visits to the site in order to collect data during this day at three different time 

intervals; 10:00 a.m., 1:00 p.m., and 16:00 p.m. The instruments used are Licor 

Photometer (fig.5-5), Fish Eye-lens camera (fig.5-6), and Tripod. In addition, a pre-

designed sheet is used to record light intensity readings. (Table5-1) 

The first technical subdivision of the research methodology is the photography technique 

developed by the author and named Sequel Vision Analysis (SVA). At each station point, 

two photographs are captured and three light intensity readings are measured during the 

three selected periods. The two photographs are related to two opposite orientations from 

each station point onward. Parallel to photographs, two intensity readings -as received 

from several surfaces- for the two opposite orientation. Consequently, the third 

measurement represents the intensities received at the location on a horizontal surface 

(illuminance). 

         
fig.5-5, Photometer                                                           fig.5-6, Fish Eye-lens camera 
 
This experiment is used to analyze the light intensity of a series of scenes experienced by 

pedestrians as he or she passes through the transitional space. (fig.5-7) 
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- Light intensity readings: 

Table 5-1, Instantaneous light readings to study the change in intensities as related to the selected pathway 
 

- Photographs precedents: 
 

   
 21 March 04, 10:00 a.m., east         21 March 04, 13:00 p.m., south         21 March 04, 16:00 p.m., west 

 

   
 21 March 04, 13:00 p.m., east         21 March 04, 16:00 p.m., south         21 March 04, 16:00 p.m., south 

 
fig.5-7, Images taken on the selected pathway in the Arts Plaza/ University of Arizona (Tucson). 

AT point AT point AT point
Horiz. Horiz. Horiz.

(illumin.) North East South West (illumin.) North East South West (illumin.) North East South West
Point 01 Outside 732.07 455.22 1082.3 8095.5 777.59 4965.6 404.1 282.42 348.38
Point 02 Outside 7338.33 812.89 4458.4 8309.2 682.83 5478.0 601.1 301.93 634.52
Point 03 Outside 7604.96 884.43 4994.4 8310.1 803.6 5780.4 5056.7 561.13 2851.2
Point 04 Outside 7368.99 839.83 3233.9 7910.6 824.97 4190.8 4761.2 581.57 2519.5
Point 05 Tunnel 6.97 97.55 10.22 6.5 91.97 9.8 3.9 58.53 5.76
Point 06 Tunnel 340.95 27.87 41.81 336.31 33.26 45.5 142.1 14.12 31.03
Point 07 Tunnel 10.50 13.01 74.32 9.1 13.01 70.6 5.9 4.74 58.53
Point 08 Outside 7772.18 99.41 5003 8186.5 167.22 5111.5 4098.8 41.34 2312.3
Point 09 Outside 8002.58 1031.2 5299.1 8123.6 1082.3 5240.7 4431.5 795.32 4001.1
Point 10 Outside 8021.16 4149.0 1235.60 8026.7 1137.1 5288.9 4472.3 1093.46 7666.3
Point 11 Outside 543.48 215.53 898.36 8289.7 1176.1 4530.8 4786.3 1128.76 7526.9
Point 12 Inside 23.20 16.70 35.30 47.38 34.37 132.9 99.4 44.59 162.58

Points on 
path

Readings
10:00 a.m. 13:00 p.m. 16:00 p.m.

FROM point FROM point
Vertical surfaceVertical surface

FROM point
Vertical surface

D
es

cr
ip
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n
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Note that Reference data is recorded according to station point “position” (indoor, tunnel, 

or outdoor), “time” (10:00 a.m., 1:00 p.m., or 16:00 p.m.), “AT point light intensity 

reading”(i.e. horizontal surface receiving), and “FROM point light intensity reading” (i.e. 

vertical surface facing: north, east, south, and west). (Table 5-1) 

5.2.3 Selecting the most critical two consecutive station points that reveal visual shock: 

By observation, eleven visual shocks are recorded on-pathway at the three time intervals 

10:00 a.m., 1:00 p.m., and 16:00 p.m. (Table5-2). They revealed a doubling or higher 

change in the light intensity readings. Fish-eye lens images are captured to document the 

application and schematic graphical representation is adopted to illustrate the condition.  

Table5-2, The highest incremental change in light intensity readings on the selected station point 
 

The series of the two critical consecutive station points that reveal visual shock are 

selected at: 

10:00a.m. [pt:01-pt:02, pt:04-pt:05, pt:07-pt:08, pt:10-pt:11] 

13:00p.m. [pt:04-pt:05, pt:07-pt:08, pt:11-pt:12]  

16:00p.m. [pt:02-pt:03, pt:04-pt:05, pt:07-pt:08, pt:11-pt:12] 

 

AT point AT point AT point
Horiz. Horiz. Horiz.

(illumin.) North East South West (illumin.) North East South West (illumin.) North East South West
Point 01 Outside 732.07 455.22 1082.3 8095.5 777.59 4965.6 404.1 282.42 348.38
Point 02 Outside 7338.33 812.89 4458.4 8309.2 682.83 5478.0 601.1 301.93 634.52
Point 03 Outside 7604.96 884.43 4994.4 8310.1 803.6 5780.4 5056.7 561.13 2851.2
Point 04 Outside 7368.99 839.83 3233.9 7910.6 824.97 4190.8 4761.2 581.57 2519.5
Point 05 Tunnel 6.97 97.55 10.22 6.5 91.97 9.8 3.9 58.53 5.76
Point 06 Tunnel 340.95 27.87 41.81 336.31 33.26 45.5 142.1 14.12 31.03
Point 07 Tunnel 10.50 13.01 74.32 9.1 13.01 70.6 5.9 4.74 58.53
Point 08 Outside 7772.18 99.41 5003 8186.5 167.22 5111.5 4098.8 41.34 2312.3
Point 09 Outside 8002.58 1031.2 5299.1 8123.6 1082.3 5240.7 4431.5 795.32 4001.1
Point 10 Outside 8021.16 4149.00 1235.60 8026.7 1137.1 5288.9 4472.3 1093.46 7666.3
Point 11 Outside 543.48 215.53 898.36 8289.7 1176.1 4530.8 4786.3 1128.76 7526.9
Point 12 Inside 23.20 16.70 35.30 47.38 34.37 132.9 99.4 44.59 162.58

Points on 
path

D
es

cr
ip

tio
n Readings

Visual shock on pathway

FROM point FROM point FROM point
Vertical surface Vertical surface Vertical surface

10:00 a.m. 13:00 p.m. 16:00 p.m.
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- At 10:00a.m., Four visual shocks: (fig.5-8), and (fig.5-9) 

       
 Station pt 01, south                       Station pt 04, south                       Station pt 07, south                       Station pt 10, east 
 

       
Station pt 02, south                        Station pt 05, south                       Station pt 08, south                       Station pt 11, east 
 
fig.5-8, Reference images of the visual shocks at 10:00 a.m. on the 21st March 04 in the Arts Plaza/ 
University of Arizona (Tucson), facing south and east. 
 
 
 
 

 
fig.5-9, Schematic section to interpret visual shocks & light intensity readings on the pathway at 10:00a.m. 
At 13:00 p.m., Three visual shocks: 
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- At 13:00p.m., Four visual shocks: (fig.5-10), and (fig.5-11) 

 

     
Station pt 04, south                       Station pt 07, south                       Station pt 12, west                     
 

     
Station pt 05, south                        Station pt 08, south                       Station pt 11, west                      
 
fig.5-10, Reference images of the visual shocks at 13:00 p.m. on the 21st March 04 in the Arts Plaza/ 
University of Arizona (Tucson), facing south and west. 
 
 
 
 

 
fig.5-11, Schematic section to interpret visual shocks & light intensity readings on the pathway at 
13:00p.m. 
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- At 16:00 p.m., Four visual shocks: (fig.5-12), and (fig.5-13) 
 

       
Station pt 02, south                       Station pt 03, south                       Station pt 07, south                       Station pt 12, west 
 

       
Station pt 03, south                       Station pt 04, south                       Station pt 08, south                       Station pt 11, west 
 
 
fig.5-12, Reference images of the visual shocks at 16:00p.m. on the 21st March 04 in the Arts Plaza/ 
University of Arizona (Tucson), facing south and west. 
 
 
 
 

 
fig.5-13, Schematic section to interpret visual shocks & light intensity readings on the pathway at 
16:00p.m. 
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Deduced by the author, there are four visual shocks at time interval 10:00 a.m., three 

visual shocks at time interval 13:00 p.m., and four visual shocks at time interval 16:00 

p.m. This pattern of change in the number of the visual shocks during the day is 

interpreted and related to the max and min sun angles and its exact position at each 

particular instant of time. 

 The output data reveal three critical visual shock, this include: 10:00 a.m.[pt:10-pt:11], 

13:00p.m.[pt:07-pt:08], and16:00a.m.[pt:11-pt:12]. (Table5-3), (fig.5-1), and (fig.5-15) 

Table5-3, The visual shocks are selected as revealed to occupant’s field of vision orientation towards east, 
south, and west. 

   
21 March 04, 10:00 a.m., east         21 March 04, 13:00 p.m., south         21 March 04, 16:00 p.m., south 
 
fig.5-14, photographs captured on the selected pathway in the Arts Plaza/ University of Arizona (Tucson), 
as a documentation to the most critical visual orientation during the day. 
 

AT point AT point AT point
Horiz. Horiz. Horiz.

(illumin.) North East South West (illumin.) North East South West (illumin.) North East South West
Point 01 Outside 732.07 455.22 1082.3 8095.5 777.59 4965.6 404.1 282.42 348.38
Point 02 Outside 7338.33 812.89 4458.4 8309.2 682.83 5478.0 601.1 301.93 634.52
Point 03 Outside 7604.96 884.43 4994.4 8310.1 803.6 5780.4 5056.7 561.13 2851.2
Point 04 Outside 7368.99 839.83 3233.9 7910.6 824.97 4190.8 4761.2 581.57 2519.5
Point 05 Tunnel 6.97 97.55 10.22 6.5 91.97 9.8 3.9 58.53 5.76
Point 06 Tunnel 340.95 27.87 41.81 336.31 33.26 45.5 142.1 14.12 31.03
Point 07 Tunnel 10.50 13.01 74.32 9.1 13.01 70.6 5.9 4.74 58.53
Point 08 Outside 7772.18 99.41 5003 8186.5 167.22 5111.5 4098.8 41.34 2312.3
Point 09 Outside 8002.58 1031.2 5299.1 8123.6 1082.3 5240.7 4431.5 795.32 4001.1
Point 10 Outside 8021.16 4149.00 1235.60 8026.7 1137.1 5288.9 4472.3 1093.46 7666.3
Point 11 Outside 543.48 215.53 898.36 8289.7 1176.1 4530.8 4786.3 1128.76 7526.9
Point 12 Inside 23.20 16.70 35.30 47.38 34.37 132.9 99.4 44.59 162.58

The higher visual shocks  

Points on 
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FROM point FROM point FROM point
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fig.5-15, Higher change in intensity based on the daily sun path 
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Target a transitional space 
between indoor & outdoor

Define a pedestrian path
along the transitional space

Locate station points at 8ft interval
(speed of a walking person is taken as 

an average of 1.11 m/sec)

Measure light intensities at each interval
(in foot-candles)

Capture 180° fish-eye lens photographs 
(in the two opposite directions of the Pathway)

Light intensities & photographs where taken during three 
different day-time: 10:00 a.m., 1:00 p.m., and 4:00 p.m.

AT station points
(horizontal surface) 

FROM station points
(vertical surface)

Prioritize & Select the most critical two 
consecutive station  point that reveal 

a potential for visual shock 
(by observation)

Flow Chart I- Interpretive 

TO METHOD OF ANALYSIS

1) Site selection

Looking forward from 
station points

Looking backward from 
station point 

N E S W

2) Defining Visual shock
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5.3 Part II: Investigative 

   The objective of this part is to examine and investigate a sequence of two consecutive 

images within the selected “visual shock”. 

This part includes defining the net view profile of each image seen by human eye, 

restricting the images intensity to four monochromatic contrasts of shade, calculating the 

area weighted percentages of each contrast in the net view profile, collecting the actual 

light intensity readings, calibrating the intensities to each assigned contrast on the two 

consecutive scenes, and investigating the light behavior within the selected “visual 

shock” interval. 

5.3.1 Defining the net view profile: 

Humans have binocular vision with both eyes focusing on the same center of vision. The 

slight difference in image that each eye receives provides three-dimensional depth. The 

total visual field of both eyes is about 180 degrees wide.  However, facial features 

(eyebrows, cheeks, and nose) obstruct portions of the field of view of each eye. (fig.5-16) 

In this instance, the author considered four areas of human eye vision and consequently 

developed a series of four area weighted percentages represented by each area of vision: 

1) areas minimized as inside the cone of vision: central vision: represented by 50% 

2) areas minimized as outside the cone of vision: peripheral vision: represented by 25% 

3) areas minimized as seen by only one eye; 12.5% for left eye, and 12.5% for right 

eye: total represented by 25% 

4) cut-off areas as eliminated by the human facial features: represented by 0% 
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fig.5-16, Field of view diagram, including four areas of vision 
 

The sequence of identifying areas of vision results in defining the Net View Profile 

(NVP): (fig.5-17) 

 
 

fig.5-17, Net View Profile 
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The circular “field of view” diagram is overlaid by a radial grid with 22 annuli and 40 

radii dividing the circle into 880 segments. After deducting the net view profile 

associated with the hemispherical radial grid from the “field of view” diagram, the 

deduced number of cells is 676 segments. Each area of vision represents specific radial 

grid percent of the radiating hemisphere.  To calculate each of these areas simply count 

the number of segments occupied by the contrasts and multiply it by its assigned percent. 

Results of calculation yielded overall margin of errors; around ± 5 %. (fig.5-18) 

 
 

fig.5-18, The hemispherical radial grid 
 

Therefore, establishing the view-factors for each scene is achieved by using the net view 

profile associated with the hemispherical radial grid: (fig.5-19) 
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fig.5-19, Field of view diagram and the hemispherical radial grid overlaid by the net view profile  

 
The images are then overlaid by the net view profile associated with the hemispherical 

radial grid to determine the exact scene as scoped by the cone of vision and to calculate 

area weighted percentages of the net view profile. (fig.5-20) 

 
fig5-20, Net view profile overlaid by the hemispherical radial grid 
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5.3.2 Restricting images intensity to four monochromatic contrasts o shade: 

For each selected station point and with the aid of Adobe Photoshop software, the images 

intensity is then restricted to four monochromatic contrasts of shade. (fig.5-22), (fig.5-

23), (fig.5-24) Colored photograph is converted to a grayscale image of multiple contrasts 

and then to a limited contrast image of four shades of gray, which includes black, dark-

gray, light-gray, and white. In order to calibrate the actual light intensity readings to each 

assigned contrast on the images, the author developed a linear progression between the 

four shades of gray. The intensity incremental factor of this linear progression is based on 

doubling the light intensity ascertained to each shade on the scene. 

Back [1]                 Dark-gray [2]                 Light-gray [4]                White [8] 

fig5-21 The linear progression between the four shades of gray based on doubling the intensity incremental 
factor ascertained to each shade on the scene 
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Images metamorphosis; 

 

a. A series of fish-eye lens photographs 

is used to reveal light intensities as 

perceived by human moving through the 

space.  

 

 

b. The photographs are later converted to 

grayscale images in order to document 

multiple surface contrasts. 

 

 

 

 

c. The images intensity are then 

restricted to four monochromatic 

contrasts of shade. The four shades of 

gray are black, dark- gray, light-gray, 

and white. 

 

 
fig.5-22, Step-1: Colored image 

 

 
fig.5-23, Step –2: Grayscale image, multiple 

contrast 
 

 
fig.5-24, Step-3: Contrast image, four shades of 

gray 
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5.3.3 Calculating the area weighted percentages of each contrast in the net view profile: 

From the output data revealed, four critical visual shock interval (fig.5-12), [pt:11-pt:12] 

at 16:00p.m has then been selected for further investigation and deep analysis. It reveals a 

case of a person experiencing an extreme discomfort by walking in the direction of a 

blinding sunlight source. (fig.5-26) 

Investigative pathway plan: Time: 16:00 p.m. 
 

 
 

fig.5-25, Location of the visual shock located at station points pt:11 and pt:12 on the selected pathway in 
the Arts Plaza/ University of Arizona (Tucson). 
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A schematic graphical representation is illustrating the condition: (fig.5-26) 

  
fig.5-26, Schematic section to illustrate visual shock & light intensity readings at 16:00p.m.at station points 
pt:11 and pt:12, exiting the Architecture building facing west  
 
After exhibiting scenes at the station points pt:11 and pt:12, the net view profile is 

deduced to scope the actual cone of vision. (fig.5-27), and (fig.5-29) Consequently, three 

areas of human eye vision is deducted from the net view profile, this include: central 

vision, peripheral vision, and one eye vision. (fig.5-28), and (fig.5-30) 

Scene analysis at station point pt:12; 

   
       Colored image + field of view             Grayscale image+ NVP        Contrast image, deductive  

 
fig.5-27, Net view profile at station points pt:12, exiting the Architecture building facing west  
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Central vision                        Peripheral vision                        One eye vision 

 
fig.5-28, Central and peripheral visual “areas definition” at station points pt:12 
 

Scene analysis at station point pt:11;  

   
Colored photograph + FV             Grayscale photograph + VM        Contrast photograph deductive 

 
fig.5-29, Net view profile at station points pt:11, exiting the Architecture building facing west  

   
Central vision                                    Peripheral vision                                    One eye vision 

  
fig.5-30, Central and peripheral visual “areas definition” at station points pt:11 
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5.3.4 Collecting the actual light intensity readings and calibrating it to each contrast:  

On hand data;   

- Total light intensity reading for scene at station pt:12 = 7526.92 foot-candles 

- Total segments number in the (NVP) hemispherical radial grid  = 676 segment 

- Contrast segments distribution: (Σ segments of each contrast) 

o Black, 98 segments (Table5-4) 

Central vision: (0 segments)  
Peripheral vision: (8 segments)  
Right-eye vision: (30 segments) 
Left-eye vision: (60 segments)  

 
o Dark-gray, 115 segments (Table5-4) 

Central vision: (0 segments)  
Peripheral vision: (27 segments)  
Right-eye vision: (58 segments)  
Left-eye vision: (30 segments)  
 

o Light-gray, 222 segments (Table5-4) 

Central vision: (14 segments)  
Peripheral vision: (58 segments)  
Right-eye vision: (83 segments)  
Left-eye vision: (67 segments)  
 

o White, 241 segments (Table5-4) 

Central vision: (46 segments)  
Peripheral vision: (127 segments)  
Right-eye vision: (27 segments)  
Left-eye vision: (41 segments)  
 

- Method of calculation: 
 

o Σ% of each contrast = [(Central vision segments) x 50%] + 
[(Peripheral vision segments) x 25%] +  
[(Right-eye vision segments) x 12.5%] + 
[(Left-eye vision segments) x 12.5%] 
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   Example: (Table5-4) 
 
    Σ% Black = [(0 segments) x 50%] + 

  [(8 segments) x 25%] +  
        [(30 segments) x 12.5%] + 
        [(60 segments) x 12.5%] 
     = [0] + [2] + [3.75] + [7.5] 
     = [13.25] 
 

o % Contrast in scene  = [Total number of each contrast segments] x 100 
                                                                  [Total number of segments]  

Example: (Table5-4) 
 % Black in scene = (0 + 8 + 30 + 60) x 100 = 14.5 
           676 
 

o Intensity incremental factor of  contrasts linear progression: 
 

Back [1] --------- Dark-gray [2] --------- Light-gray [4] --------- White [8] 

o Contrast area weighted % = [Σ% of each contrast] x  
         [Intensity incremental factor] 

 
Example: (Table5-4) 
 Black area weighted % = [13.25] x [1] = 13.25 
 

o Total area weighted % = [Black area weighted %] +  
    [Dark-gray area weighted %] + 
    [Light-gray area weighted %] + 
    [White area weighted %] 
 

o Contrast intensity =  [Total light intensity]   x [Contrast area weighted %]  
  [Total area weighted %] 

 
Result-1: Table of analysis at station point pt:11 
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Table5-4, Calibrating the actual light intensity readings to each assigned contrast on scene at pt:11 
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Result-2: Table of analysis at station point pt:12 
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01-Black 2 1 32 8 176 22 88 11 298 42 44 1 42 14.616
02-Dark grey 15 7.5 74 18.5 14 1.75 53 6.625 156 34.375 23 2 68.75 23.577
03-Light grey 15 7.5 68 17 3 0.375 18 2.25 104 27.125 15.4 4 108.5 37.758

28 14 46 11.5 5 0.625 39 4.875 118 31 17.6 8 248 86.304
60 30 220 55 198 24.75 198 24.75 676 134.5 100 − 467.25 162.58
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Table5-5, calibrating the actual light intensity readings to each assigned contrast on scene at pt:12 
 
5.3.5 Investigating the light behavior within the selected “visual shock” interval: 

In order to examine a comfort and/or discomfort scene, light intensity comfort range is 

defined by the author.

 
fig5-31, Light intensity comfort range 
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The outdoor visual comfort range (80 f.c. – 1500 f.c.) and the indoor visual comfort range 

(60 f.c. – 100 f.c.)26 

Developed by the author, a Visual Discomfort Index (VDI) is an index of assessment for 

the scenes experienced by occupant in transitional spaces who’s light intensity between 

two consecutive station points shouldn’t surpass doubling the intensity. 

Either VDI ≥ 2; discomfort condition, or VDI < 2; comfort condition 

VDI = Foot-candles (scene 2) - Foot-candles (scene1)    IF ≥ 2 discomfort 
                                              Foot-candles (scene1)                      IF < 2 comfort 
 
The two consecutive scenes at station points pt:12 and pt:11 are then analyzed by using 

the visual discomfort index (VDI). The result is discomfort transition in the visual shock 

interval. 

7364.3 45.29162.58 >2  Discomfort
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reading at 12

7526.92  
Table5-6, Visual discomfort result between station points pt:12 and pt:11 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
26 Human eye’s adjustable range as recorded for outdoor environment is up to 1500 Foot-Lambert (by Lam in his book Perception and 
Lighting). 
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Define the net view profile 
(by  using the “field of view” diagram to deduct 

areas obstructed by human facial features) 

For each selected station point, 
Restrict the images intensity to four 

monochromatic contrasts of shade
(image metamorphosis by using the 

Adobe Photoshop software) 

Colored image Gray-scale image
multiple contrasts

Contrast image
4 shade of gray

Calculate the area weighted percentages 
of each contrast in the net view profile
(by using an overlay hemispherical radial grid) 

cut-off vision (0%) one-eye vision 2x(12.5%) peripheral vision (25%) Central vision (50%)

Collect the actual light intensity readings and calibrate it to each 
assigned contrast on the given scenes
[Light intensity of the image] x [Σ% of each contrast] x [Intensity incremental factor]

[Total area weighted]

Intensity incremental factors: Black (1), Dark-grey (2), Light-grey (4), & White(8).

Investigate the two consecutive scenes by using the visual 
discomfort index (VDI)
VDI = Foot-candles (scene 2) - Foot-candles (scene1) IF ≥ 2 discomfort

Foot-candles (scene1)        IF < 2 comfort

TO A MODIFIED DESIGN

Flow Chart II- Investigative 

 



 55

5.4 Part III: Conclusive 

The objective of this part is to study the effectiveness of a modified model, which is 

adopted to provide the designer with a reference of principles formulated from different 

architectural daylighting solutions as well as to supply as a visual guide to quantitative 

light intensity values revealed by these solutions.  

This part includes adopting 3-D modeling of a modified design in the transitional space, 

re-capturing the modified images, restricting the modified images intensity to four 

monochromatic contrasts of shade, re-defining the net view profile, collecting the light 

intensity of each contrast in the net view profile, calculating the total light intensity, and 

investigating the light behavior within the selected “visual shock”. 

5.4.1 Adopting 3-D modeling of a modified design in the transitional space: 

Since the fish-eye lens photography technique utilized to predict person’s net view 

profile, it was necessary to further develop this technique to account for a modified 

design in transitional spaces.  It is also necessary for designers to evaluate their projects 

by estimating light intensity readings within these spaces which, from the author 

perspective, could practically be determined from scale models. The process involved 

two major steps: 1) Constructing a scale model to examine light intensity readings within 

various transitional space strategies, and 2) Providing a 3-D computer modeling of a 

modified design to transitional space at the two consecutive station points pt:11, & pt:12.   

1) Construction of the model: (fig.5-32…39) 

The model is constructed at a scale of 1”=8’-0” taking into account that the 0.75” 

Licor Photometer light-sensor = 6’-0” average human height.  
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An artificial sky simulator apparatus, operated by the House Energy Doctor 

Program, is then used to measure the illuminance levels in the model fitted with 

various daylighting strategies27. These strategies provide an instructive guide to 

qualitative and quantitative methodologies that influence visual comfort within 

transitional spaces. With the sky simulator, eight daylighting strategies are tested 

in order to measure light intensities as affected by the transmittance 

characteristics of each adopted technique and identify solutions that blocks or 

permits daylight's passage to the transitional space.  

Eight light sensors connected to a data acquisition system28 are placed on an 

horizontal plate inside and outside the scale model to measure the illuminance at 

equal distance intervals. 

       
fig.5-32, Model: Box-Pergola case      fig.5-33, Model: Box-Canopy case  

                                                 
27 The daylighting strategies include: Box-Pergola case, Box-Canopy case, Box-(Canopy + Perforated 
walls) case, Box-(Canopy + Opaque walls) case, Box-(Canopy + Pergola) case, Box-(Canopy + Pergola + 
Perforated walls) case, Box-(Canopy + Pergola + Opaque walls) case, and Box-Combined case. 
 
28 Licor Photometer  
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fig.5-34, Model: Box-(Cnpy+Perforated walls) case      fig.5-35, Model: Box-(Cnpy+Opaque walls) case  

        
fig.5-36, Model: Box-(Canopy+Pergola )case        fig.5-37, Model: Box-(Cnpy+Prg.+Perforated walls )case  

        
fig.5-38, Model: Box-(Cnpy+Pergola+Opaque walls) case fig.5-39, Model: Box-Combined case 

A Sectional representation is than used to examine light quantities within these 

various transitional space strategies and to provide a means of accurately 

predicting daylight illumination of the numerous strategies. (fig.5-40…48) In 
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addition, graphical comparison is executed to summarize the effectiveness of 

these lighting conditions in the transitional space. (Table5-7), and (fig.5-49) 

 
fig.5-40, Section: Box-Base case (foot-candles)      

 
fig.5-41, Section: Box-Pergola case (foot-candles)   

 
fig.5-42, Section: Box-Canopy case (foot-candles) 
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fig.5-43, Section: Box-(Canopy + Perforated walls) case (foot-candles)                                       

 
fig.5-44, Section: Box-(Canopy + opaque walls) case (foot-candles) 

 
fig.5-45, Section: Box-(Canopy + Pergola) case (foot-candles)                                                      
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fig.5-46, Section: Box-(Canopy + Pergola + Perforated walls) case (foot-candles)  

 
fig.5-47, Section: Box-(Canopy + Pergola + Opaque walls) case (foot-candles) 

 
fig.5-48, Section: Box-Combined case (foot-candles) 
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Table5-7, Light intensity readings as measured in several physical box modeling strategies. 
 

 
fig.5-49, Schematic section to illustrate visual shock & light intensity readings in several physical box 
modeling strategies.  
 

2) Providing a 3-D computer modeling of a modified design to the transitional space: 

"Architecture is bound to situation. Unlike music, painting, sculpture, film and 
literature, a construction (non mobile) is intertwined with the experience of 
place. The site of a building is more than a mere ingredient in its conception. 
It is its physical and metaphysical foundation."29 

Steven Holl 

                                                 
29 Steven Holl, Anchoring, 1989 
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In order to develop appropriate and successful design solution for the transitional 

space, a 3-D computer model of The Arts Plaza in The University of Arizona is 

constructed to identify the exact setting of the space and to repeat the fish-eye lens 

photography technique at the same exact location on the 3-D modeling as in the 

real plaza. 

 
            fig.5-50, The base-case site settings to demonstrate the new design at the transitional space  
 
A modified design is then adopted at the transitional space between the two 

consecutive station points pt:11 and pt:12 to determine the new net view profile 

and to predict the new luminance. The possible number of variations on the model 

is endless, but the designer can use the data included in the previous step as the 

base line to create more elaborate solution. (fig.5-50) 

The process of design starts establishing an appropriate hierarchy of foci on 

scenes in the transitional space. It reveals a new entrance that fronts right onto a 

public pathway, yet is recessed enough to create semi-public area when you step 

up close. A sequence of daylighting techniques is then imputed in the new design 

to be validated with the results induced in step one. 
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With the aid of 3-D SkechUp computer modeling software, several modification 

are applied to the transitional space, this include30: (fig.5-51, 52, 53, 54, 55) 

- Recessed entrance: w = 11’ 6” x l =36’1” x h = 17’0”, n = 131 
 
- Inclined canopy: w = 5’ 10”, l = 35’1”, h = 17’0”, t = 2’ ¾”, n = 1, and angle 

of inclination with horizontal axis = 20°  
 

- Inclined pipes supporting canopy: l = 17’2 ½”, Ø = 5”, n = 2, and angle of 
inclination with vertical axis = 20° 

 
- Pergola-1: w = 4”, l = 42’7”, h = 15’9 ½”, t = 1’4”, n = 3, s = 2’ 5 ½”, and 

angle of inclination with horizontal axis = 45° 
 

- Pergola-2: w = 4”, l = 35’1”, h = 15’9 ½”, t = 1’4”, n = 4, s = 3’3 ¾“, and 
angle of inclination with horizontal axis = 45° 

 
- Vertical pipes: l = 14’9”, Ø = 6”, n = 6, s = 1’ 3 ¾ “, and angle of inclination 

with vertical axis = 20° 
 
 

 
                    fig.5-51, The architectural modification  

                                                 
30 3-D modeling might be adopted by using hand-sketches, computer modeling, or physical modeling. 
31 w = width, l = length,  h = height , n = number, s = spacing, Ø = diameter 
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            fig.5-52, Bird’s  eye view showing the design modification at the transitional space 

 

 
fig.5-53, Abstract top view showing the design modification at the transitional space 
between the station points pt:11 and pt:12 

 

  
   fig.5-54, Abstract front elevation showing the design modification at the transitional space 
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   fig.5-55, Abstract new visual experience at the transitional space  

 
5.4.2 Re-capturing images in the modified transitional space:  
 
In order to analyze the light intensity of a new series of scenes experienced by a walking 

pedestrian as he or she passes through the transitional space, it is necessary to repeat the 

fish-eye lens photography technique at the same exact location as in the real plaza.  

The 21st March 2004 has been chosen. The time interval is set at 16:00 p.m. Three station 

points are located at 4 ft distance interval.  These station points represent pt:11 (fig.5-58), 

pt:12 (fig.5-56), and a new intermediate station point pt:12-11 (fig.5-57). Taking into 

account the camera position leveled to average human height, photographs are captured 

at each station point to be then investigated by using the Sequel Vision Analysis (SVA) 

technique.  
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       fig.5-56, Modified design at station point pt:12 

 

 
       fig.5-57, Intermediate station point pt:12-11 

 

 
       fig.5-58, Modified design at station point pt:11 
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5.4.3 Restricting the modified images intensity to four monochromatic contrasts of shade: 

At each station point and with the aid of Adobe Photoshop software, the colored images 

intensity is then converted to a grayscale image of multiple contrasts and then to a limited 

contrast image of the four shades of gray.  

On the other hand, real images are captured at the same station points during the selected 

time interval to use their layout as a background for the computer images. (fig.5-59) 

         
Scene existing pattern                        The design modification                        The overlaying process 

 
fig.5-59, The existing pattern used as a background layout in the modified design 

 
5.4.4 Re-defining the net view profile: 

The new images are then overlaid by the net view profile to determine the new exact 

scene as scoped by the cone of vision. (fig5-60), (fig5-61), (fig5-62) 

   
fig.5-60, The net view profile overlaid by the hemispherical radial grid revealing the new modified design 
at intermediate station point pt:12 restricted to four shades of gray 
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fig.5-61, The net view profile overlaid by the hemispherical radial grid revealing the new modified design 
at intermediate station point pt:12-11 restricted to four shades of gray 
 
 

   
 
fig.5-62, The net view profile overlaid by the hemispherical radial grid revealing the new modified design 
at intermediate station point pt:11 restricted to four shades of gray 
 
 
5.4.5 Collecting the light intensity of each contrast in the net view profile: 

The three scenes at pt:12, pt:12-11, and pt: 11 will be analyzed. The hemispherical radial 

gird is used to calculate the new light intensity represented by each contrast in the net 

view profile at each station point. In order to start analyzing scenes, recall from part II of 

the research methodology the actual light intensity reading that was calibrated to each 

assigned contrast on scene at station point pt:11. Consequently, calculate the intensity of 

each contrast per segment on this specific scene. 
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- From Table5-4: 

• Black, 98 segments represents 139.25 f.c.  
• Dark-gray, 115 segments represents 373.1 f.c. 
• Light-gray, 222 segments represents 1692.1 f.c. 
• White, 241 segments represents 5318.1 f.c. 
 

- Intensity of each contrast per segment: 

• Intensity of contrast per segment = Total Intensity of contrast  
                   Number of Segments 
          

Intensity of Black /segment = 139.25 f.c. = 1.42 f.c/segment 
        98 seg   

Intensity of Dark-gray /segment = 373.1 f.c. = 3.24 f.c/segment 
                         115 seg  

Intensity of Light-gray /segment = 1692.1 f.c. = 7.62 f.c/segment 
                               222 seg  

  Intensity of White /segment = 5318.1 f.c. = 22.06 f.c/segment 
                 241 seg  
 

01-Black 98 139.25 1.42
02-Dark grey 115 373.1 3.24
03-Light grey 222 1692.1 7.62

241 5318.1 22.06
676 7526.9Total
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Table5-8 Light intensity of each contrast per segment in the net view profile at station 
point pt:11. 
 

- Scenes Analysis: for each scene, simply count the number of segments to 

calculate each contrast area occupied by materials or objects. The process 

involved two major steps: 1) Calculating the total intensity of each omitted 

contrast, and 2) Calculating the total intensity of each induced contrast. 

• Exhibiting scene at station point pt:11; (fig.5-62) 

1) Calculating the total light intensity of each omitted contrast:  
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 Σ omitted contrast segments of the net view profile:  

Σ omitted Black segments = 0 segments 
Σ omitted Dark-gray segments = 33 segments 
Σ omitted Light-gray segments = 42 segments 
Σ omitted White segments = 83 segments 

 
 Omitted contrast intensity = [Σ omitted contrast segments] x  

          [Intensity of contrast per segment] 
  

Black intensity = [0] x [1.42] = 0 f.c. 
Dark-gray intensity = [33] x [3.24] = 106.92 f.c. 
Light-gray intensity = [42] x [7.62] = 320.04 f.c. 
White intensity = [83] x [22.06] = 1830.98 f.c. 
 

 Total light intensity omitted = Σ omitted contrasts intensity  
            = omitted Black intensity +  
                         omitted Dark-gray intensity +  
                         omitted Light-gray intensity + 
                              omitted White intensity 
 

Total light intensity omitted = 0 f.c. + 106.92 f.c. +  
320.04 f.c.+ 1830.98 f.c. 

                              = 2257.94 f.c. 
 

 Result-1: omitted intensity analysis at station point pt:11 

01-Black 0 0 0 0 0 1.42 0
02-Dark grey 0 15 10 8 33 3.24 106.92
03-Light grey 1 5 16 20 42 7.62 320.04

19 44 11 9 83 22.06 1831
20 64 37 37 158 2258
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    Table5-9, Collecting light intensity of each omitted contrast in the net view profile at pt:11 

2) Calculating the total intensity of each induced contrast: 

 The same procedure is then applied to calculate each contrast 

intensity induced in the scene at station point pt:11.  
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 Total light intensity induced = Σ induced contrasts intensity  
             = induced Black intensity +  
                           induced Dark-gray intensity +  
                                         induced Light-gray intensity + 
                                            induced White intensity  
 

Total light intensity induced = 0 f.c. + 511.92 f.c. +  
  0 f.c.+ 0 f.c. 

                               = 511.92 f.c. 
 

 Result-2: induced intensity analysis at station point pt:11 

01-Black 0 0 0 0 0 1.42 0
02-Dark grey 20 64 37 37 158 3.24 511.92
03-Light grey 0 0 0 0 0 7.62 0

0 0 0 0 0 22.06 0
20 64 37 37 158 511.92
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    Table5-10, Collecting light intensity of each induced contrast in the net view profile at pt:11 
 
 

• Exhibiting scene at station point pt:12-11; (fig.5-61) 

1) Calculating the total light intensity of each omitted contrast:  

 Result-1: omitted intensity analysis at station point pt:12-11 

01-Black 0 1 4 23 28 1.42 39.76
02-Dark grey 0 1 42 24 67 3.24 217.08
03-Light grey 1 36 72 57 166 7.62 1264.9

31 116 16 30 193 22.06 4257.6
32 154 134 134 454 5779.3
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Table5-11, Collecting light intensity of each omitted contrast in the net view profile at pt:12-11 
 

 Total light intensity omitted = 5779.3 f.c. 
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2) Calculating the total intensity of each induced contrast: 

 Result-2: induced intensity analysis at station point pt:12-11 

01-Black 3 2 1 0 6 1.42 8.52
02-Dark grey 29 132 97 90 348 3.24 1127.5
03-Light grey 0 20 36 44 100 7.62 762

0 0 0 0 0 22.06 0
32 154 134 134 454 1898
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Table5-12, Collecting light intensity of each induced contrast in the net view profile at pt:12-11 
 

 Total light intensity induced = 1898 f.c. 

 
• Exhibiting scene at station point pt:12; (fig.5-60) 

1) Calculating the total light intensity of each omitted contrast:  

 Result-1: omitted intensity analysis at station point pt:11 

01-Black 0 7 30 60 97 1.42 137.74
02-Dark grey 0 9 58 30 97 3.24 314.28
03-Light grey 10 48 83 67 208 7.62 1585

36 116 27 41 220 22.06 4853.2
46 180 198 198 622 6890.2
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Table5-13, Collecting light intensity of each omitted contrast in the net view profile at pt:12 
 

 Total light intensity omitted = 6890.2 f.c. 

 
2) Calculating the total intensity of each induced contrast: 

 Result-1: induced intensity analysis at station point pt:12 
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01-Black 2 17 68 73 160 1.42 227.2
02-Dark grey 40 144 126 121 431 3.24 1396.4
03-Light grey 4 19 4 4 31 7.62 236.22

0 0 0 0 0 22.06 0
46 180 198 198 622 1859.9
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Table5-14, Collecting light intensity of each induced contrast in the net view profile at pt:12 
 

 Total light intensity induced = 1859.9 f.c. 

 
5.4.6 Calculating the total light intensity in the new net view profile: 

The total luminance of each omitted and induced contrast is then used in order to 

calculate the total light intensity of the new design modification. 

- Total light intensity (new scene) = [Total light intensity (measured)] +  
       [Total light intensity (induced)] – 
       [Total light intensity (omitted)] 
 

• Total light intensity at station pt:11 = 7526.92 f.c. + 511.92 f.c. –  
      2257.94 f.c.. 

             = 5780.9 f.c. 
 

• Total light intensity at station pt:12-11 = 7526.92 f.c. + 1898 f.c. –  
       5779.3 f.c.. 

                   =  3645.62 f.c. 
 

• Total light intensity at station pt:12 = 7526.92 f.c. +1859.9 f.c.. –  
      6890.2 f.c. 

             = 2496.62 f.c. 
 

 
5.4.7 Investigating the light behavior within the selected “visual shock” interval: 

After calculating the total light intensity in the net view profile for the three consecutive 

scenes, the “light intensity comfort range” and VDI is then used to analyze and 
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investigate the new modified design adopted to the transitional space at station points 

pt:11, pt:12-11, and pt:12. 
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Table5-15, Visual comfort result within indoor and outdoor (in general) 
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Table5-16, Visual comfort result between the max comfort light intensity within the outdoor and station 
points pt:12 
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Table5-17, Visual comfort result between station points pt:12 and pt:12-11 
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Table5-18, Visual comfort result between station points pt:12-11 and pt:12 
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Re-define the net view profile

Adopt 3-D modeling to modify the transitional space 
using different architectural daylight solutions

(3-D sketch-up computer modeling is used)

Collect the light intensity of each contrast 
in the net view profile 

Calculate the total light intensity

Investigate the two consecutive scenes by 
using the visual discomfort index (VDI)

Re-capture the modified images

Restrict the modified images to four 
monochromatic contrasts of shade

If there is no visual shock Exit 

Flow Chart III- Conclusive 

Computer modeling Physical modelingHand sketches

o  r

Colored image Gray-scale image
multiple contrasts

Contrast image
4 shade of gray

If there is visual shock

o  r o  r
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5.5 Summary. 

   Consistent with the overall methodology stated above, light in transitional spaces 

should be addressed so that pedestrians are made aware of the area organization by 

providing the maximum clarity of visual information. For instance and according to Lam, 

each viewer has specific information needs and each object has specific characteristics. 

The quality of the luminance environment depends entirely on how well it responds to 

both.32 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
32 William M C. “Environmental Objectives and Human Needs.”  In PERCEPTION AND LIGHTING AS FORMGIVERS OF 
ARCHITECTURE, ed. Ripman H. Christopher, 57. USA: McGraw-Hill, 1977. 
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Chapter 6- Design Patterns 
 

   Patterns have a context in which they apply. They must balance a set of “opposing” 

forces. In terms of design, patterns need more communication between conceptuality and 

consistency of execution. For instance, the research can implement some rules for a 

consistent lighting environment. There are some design patterns as relevant to successful 

objectives. The following are a number of these patterns based on the fundamentals 

outlined in the previous chapters: 

6.1 Pattern one: clear design intent. 

All elements of the field of vision should be designed with clear intention. Accordingly, 

appropriate focus of related elements and consistent background of visual relationships 

will be accomplished. This rule, if formulated meaningfully, will provide satisfactory 

visual perception orientation and guidance information. 

6.2 Pattern two: scenes surfaces illumination.  

Continuous planar elements should be illuminated in-sequence.  If the surface is not 

considered as an important design feature, it can be illuminated unevenly without 

appearing distorted. 

6.3 Pattern three: three-dimensional objects illumination.  

The illumination of three-dimensional act engagement has several approaches (There is 

no unique and perceptually correct method). As the nature and location of the sources of 

light are evident, almost any approach which reveals the desired information, 

characteristics of the objects can be used without causing confusion. 



 78

6.4 Pattern four: contrast adaptations. 

Objects with identical luminance levels appear brighter when seen against a darker 

background. This principle is particularly useful in the design of relevant foci for the 

luminous environment.  

6.5 Pattern five: scenes focus. 

   The visual environment elements have an inherent hierarchy of attractiveness to the 

focus selector, which is influenced in part by their relative brightness. Where design 

features are important, avoid placing distracting patterns. 

6.6 Pattern six: focus inhabitation.  

Understanding the light behavior, we should avoid creating a focus in the luminous 

environment on unpleasant, undesirable or distracting elements. It is just as important to 

decide what not to light as it is to decide what to light. Obviously, a design methodology 

which aims only at providing more than some specified minimum level of illumination 

throughout a space has a built-in bias against this sort of selective illumination.  

6.7 Pattern seven: proportioned areas of illumination. 

Wherever possible, avoid creating scene/ background conflicts, such as those lighting 

configurations where illuminated areas of scene are approximately equal in size and 

shape to adjacent unlighted areas.  

6.8 Pattern eight: transitional strategies implementation. 

In the interests of minimizing visual noise, avoid elements which are of little visual 

interest (those elements that should be used only when the same purpose cannot be 

accomplished through careful integration of the lighting hardware with other architectural 
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elements). Light sources may be effectively baffled using elements such as beams, 

pergolas, valances, perforated or opaque cabinets, etc. Under most circumstances, use 

simple understandable lighting that achieves an entirely appropriate prominence. 

6.9 Pattern nine: understanding some principles concerning light behavior. 

- Visual discomfort occurs when the visual demands of the scene exceed the visual 

abilities of the individual. 

- Although the quantity of illumination is important, it is probably more important to 

have good light distribution. Good light distribution is accomplished when all of the 

objects in the field of view have approximately equal brightness. Bright lights are 

common offending sources and cause discomfort. 
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Conclusion 
 

The underlying academic purpose of this study is to introduce to architects, urban 

designers, landscape architects a methodology for solving aspects of visual quality 

through designing the built environment within transitional spaces. 

The problem of visual comfort looked at here is approached through a numerical analysis 

tool that could be used by designers to evaluate human visual comfort in transitional 

spaces. The research identifies the different architectural aspects of transitional spaces 

between indoor and outdoor as attribute to light quantity and quality which is considered 

as the ultimate medium to render architectural designs. It depicts the continuous change 

and consequent spatial perception in a dynamic realm. To successfully process through 

urban and architectural contexts, it is necessary to consider light quality and quantity that 

can provoke or eliminate the visual shock. 

The research work lies between technical, physiological and aesthetic experiential which 

makes it particularly interesting. The contents, in general, fall into three stages as 

described in Chapters 1, 2, 3, 4, 5, and 6, each of which was looked at separately. The 

first stage involves an introduction to basic scientific principles of light and its 

relationship to Urban and Architectural design.  The second stage involves the research 

methodology three major parts: Interpretive, Investigative, and Conclusive. Interpretive 

includes two major steps 1) site selection, and 2) visual shock definition. Investigative 

includes analysis for discomfort. Finally, Conclusive includes 1) criteria of assessment, 2) 

design modification, and 3) modification analysis. The third stage involves a presentation 

for design patterns based on the fundamentals outlined in the previous chapters.  
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In this study, some architectural design solutions were given by the author. However, 

these are considered subjective solutions and that there are many ways in architecture to 

approach the goal of visual comfort. That’s why further investigation of visual quality 

methods to restore conditions within the visual comfort range should be made. There are 

also additional factors that were not investigated in the study. Some of these factors 

include age and health of the viewing eye. In addtion, the non-directional aspect of the 

calculative method could be addresed through computer programming of the method. 

These areas of research will form the basis for the upcoming study by the author. 
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Appendix A 
 
   Photographs captured on the selected pathway in the Arts Plaza at University of 

Arizona. The images intensity is restricted to four monochromatic contrasts of shade. 

- 21 March 04, south  at 10:00 a.m. forthcoming to the Architecture building:  

       
pt:09, north                              pt:08, north                              pt:07, north                

       
pt:04, south                                   pt:05, south                                  pt:06, south                

       
pt:07, south                                   pt:08, south                                   pt:09, south                

       
pt:10, east                                   pt:11, east                                   pt:12, east               
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- 21 March 04, 10:00 a.m. walkout the Architecture building:  
 

       
pt:12, west                                   pt:11, west                                   pt:10, west                

       
pt:09, north                                   pt:08, north                                   pt:07, north                

       
pt:06, north                                   pt:05, north                                   pt:04, north                

       
pt:03, north                                   pt:02, north                                   pt:01, north                
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- 21 March 04, 13:00 p.m. forthcoming to the Architecture building:  
 

       
pt:09, north                              pt:08, north                              pt:07, north                

       
pt:04, south                                   pt:05, south                                  pt:06, south                

       
pt:07, south                                   pt:08, south                                   pt:09, south                

       
pt:10, east                                   pt:11, east                                   pt:12, east               
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- 21 March 04, 13:00 p.m. walkout the Architecture building:  
 

       
pt:12, west                                   pt:11, west                                   pt:10, west                

       
pt:09, north                                   pt:08, north                                   pt:07, north                

       
pt:06, north                                   pt:05, north                                   pt:04, north                

       
pt:03, north                                   pt:02, north                                   pt:01, north                
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- 21 March 04, 16:00 p.m. forthcoming to the Architecture building:  
 

       
pt:09, north                              pt:08, north                              pt:07, north                

       
pt:04, south                                   pt:05, south                                  pt:06, south                

       
pt:07, south                                   pt:08, south                                   pt:09, south                

       
pt:10, east                                   pt:11, east                                   pt:12, east               
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- 21 March 04, 16:00 p.m. walkout the Architecture building:  
 

       
pt:12, west                                   pt:11, west                                   pt:10, west                

       
pt:09, north                                   pt:08, north                                   pt:07, north                

       
pt:06, north                                   pt:05, north                                   pt:04, north                

       
pt:03, north                                   pt:02, north                                   pt:01, north                
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Appendix B 
 

Target a transitional space 
between indoor & outdoor

Define a pedestrian path
along the transitional space

Locate station points at 8ft interval
(speed of a walking person is taken as 

an average of 1.11 m/sec)

Measure light intensities at each interval
(in foot-candles)

Capture 180° fish-eye lens photographs 
(in the two opposite directions of the Pathway)

Light intensities & photographs where taken during three 
different day-time: 10:00 a.m., 1:00 p.m., and 4:00 p.m.

AT station points
(horizontal surface) 

FROM station points
(vertical surface)

Prioritize & Select the most critical two 
consecutive station  point that reveal 

a potential for visual shock 
(by observation)

Flow Chart I- Interpretive 

TO METHOD OF ANALYSIS

1) Site selection

Looking forward from 
station points

Looking backward from 
station point 

N E S W

2) Defining Visual shock
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Define the net view profile 
(by  using the “field of view” diagram to deduct 

areas obstructed by human facial features) 

For each selected station point, 
Restrict the images intensity to four 

monochromatic contrasts of shade
(image metamorphosis by using the 

Adobe Photoshop software) 

Colored image Gray-scale image
multiple contrasts

Contrast image
4 shade of gray

Calculate the area weighted percentages 
of each contrast in the net view profile
(by using an overlay hemispherical radial grid) 

cut-off vision (0%) one-eye vision 2x(12.5%) peripheral vision (25%) Central vision (50%)

Collect the actual light intensity readings and calibrate it to each 
assigned contrast on the given scenes
[Light intensity of the image] x [Σ% of each contrast] x [Intensity incremental factor]

[Total area weighted]

Intensity incremental factors: Black (1), Dark-grey (2), Light-grey (4), & White(8).

Investigate the two consecutive scenes by using the visual 
discomfort index (VDI)
VDI = Foot-candles (scene 2) - Foot-candles (scene1) IF ≥ 2 discomfort

Foot-candles (scene1)        IF < 2 comfort

TO A MODIFIED DESIGN

Flow Chart II- Investigative 
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Re-define the net view profile

Adopt 3-D modeling to modify the transitional space 
using different architectural daylight solutions

(3-D sketch-up computer modeling is used)

Collect the light intensity of each contrast 
in the net view profile 

Calculate the total light intensity

Investigate the two consecutive scenes by 
using the visual discomfort index (VDI)

Re-capture the modified images

Restrict the modified images to four 
monochromatic contrasts of shade

If there is no visual shock Exit 

Flow Chart III- Conclusive 

Computer modeling Physical modelingHand sketches

o  r

Colored image Gray-scale image
multiple contrasts

Contrast image
4 shade of gray

If there is visual shock

o  r o  r
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 Appendix C 
 
   Features design within transitional spaces, photographs captured by the author: 
 
 

               
Main entrance at Phoenix public library, fall 2003             Phoenix city hall, fall 2003 
 
 

               
Cosanti-1, fall 2003                                                               Cosanti-1, fall 2003 
 
 

               
Pergola, fall 2003                                                                 Landscape design feature, fall 2003 
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   Features design within transitional spaces, images selected by author 
 

                          
Dongbu Kangnam Tower, Seoul-Korea 
 
 

                
Entory Home, Ettlingen-Germany 
 
 

                 
Grande Bibliotheque, Montreal-Quebec                              Rural Studio, Alabama 


